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PREFACE  TO  THIRD  EDITION. 

In  preparing  the  third  edition  of  this  work  I  have  carefully  gone 
over  the  entire  text,  altering  and  rewriting  a  considerable  portion. 
The  intention  and  scope  of  the  book  remain  the  same  as  in  former 
editions.  It  is  a  work  on  Pathology,  and  it  is  largely  based  on 
Pathological  Anatomy,  in  which  my  own  experience  chiefly  lies.  But, 
as  already  expressed  in  the  former  editions,  it  has  never  been  for- 
gotten that  "the  whole  aim  of  Pathological  Anatomy  is  to  elucidate 
the  actual  vital  processes  of  disease,  and  that  the  subject  grows  in 
interest  and  intelligibility  when  the  Etiology,  Anatomy,  and  general 
Pathology  are  all  taken  into  account  in  forming  a  general  conception 
of  each  morbid  condition."  The  work  is,  therefore,  not  merely  a 
treatise  on  Morbid  Anatomy,  but  aims  at  the  elucidation  of  Morbid 
Processes  on  the  basis  of  Experimental  Pathology,  Pathological 
Anatomy  and  Histology,  and  Clinical  Observation. 

I  have  added  to  this  edition  185  new  illustrations.  With  the 
exception  of  ten,  these  are  all  photographic  reproductions  of  actual 
specimens.  The  great  majority  are  taken  from  my  own  preparations, 
but  I  am  indebted  to  Professor  Young  for  liberty  to  reproduce  some 
of  the  malformations  in  the  Hunterian  Collection  of  Glasgow  Univer- 
sity. Most  of  the  new  illustrations  are  photographs  of  microscopic 
preparations,  and  as  I  am  little  more  than  a  beginner  in  this  art,  I 
have  no  doubt  that  there  is  much  room  for  criticism  of  the  result. 
I  have  thought,  however,  that  photographs  of  the  actual  objects, 
although  imperfect,  were  calculated  to  give  to  students  a  sense  of 
reality  such  as  might  be  absent  in  the  case  of  drawings.  A  few  of 
the  illustrations  are  from  photographs  of  very  excellent  coloured 
pictures  of  fresh  specimens  executed  by  Dr.  Alexander  Macphail. 
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The  literature  of  the  various  departments  of  Pathology  is  so  exten- 
sive that  no  text-book  can  be  expected  to  give  any  approach  to  a  full 
account  of  it.  In  the  references  given  at  the  ends  of  the  sections  I 
have  only  attempted  to  set  the  student  on  the  track  of  the  literature 
of  each  particular  subject.  The  works  mentioned  are  therefore  for  the 
most  part  the  more  important  papers  on  the  subject  or  else  they  are 
such  as  contain  references  which  might  prove  useful  in  following  out 
the  literature. 

I  have  endeavoured  to  keep  down  the  size  of  the  book,  and  it  may 
be  said  that  the  increase  in  the  number  of  pages  scarcely  exceeds 
the  space  required  for  the  increased  number  of  illustrations.  I  have 
only  further  to  express  my  indebtedness  to  Dr.  Lewis  R  Sutherland 
and  Dr.  William  R.  Jack  for  their  services  in  reading  proofs  and 
preparing  the  Index. 


July,  1895. 
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of  regulation  when  body  exposed  to  excessive  cold  or  excessive  heat. 
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PART  SECOND. — DISEASES   OF  THE  SPECIAL 
ORGANS  AND  SYSTEMS. 

SECTION  I. 

DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 
A.— THE  HEART  AND  PERICARDIUM. 

I.  Congenital  malformations,  chiefly  of  the  heart  and  great  vessels.  Causation. 
Forms.  Cyanosis  a  common  result.  If.  Coagula  in  the  heart  ;  the 
various  forms  of  thrombi.     III.  Occlusion  and  stenosis  of  the  coronary 
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INTRODUCTION. 


TT)ATHOLOGrY  is  the  scientific  study  of  disease.  The  term  Disease, 
which  strictly  means  nothing  more  than  discomfort,  has  refer- 
ence primarily  to  the  subjective  sensations  of  the  person  affected, 
but  as  these  feelings  have  an  objective  basis,  and  as  it  is  possible 
to  distinguish  various  groups  of  phenomena  each  with  its  own  mode 
of  divergence  from  the  healthy  conditions,  these  groups  of  pheno- 
mena have  come  to  be  designated  as  diseases.  It  might  perhaps  be 
more  correct  to  call  them  morbid  conditions,  but  the  more  familiar 
word  has  obtained  the  authority  of  general  use. 

In  Pathology  we  aim  at  getting  close  to  the  various  diseases,  so 
as  to  study  their  essential  nature.  It  is  a  scientific  study,  and  it  is 
pursued  by  scientific  methods.  There  are  three  principal  methods 
by  which  the  nature  of  disease  is  elucidated,  as  there  are  three 
main  sources  of  our  knowledge  of  disease.  These  may  be  designated 
respectively,  Experimental  Pathology,  Pathological  Anatomy  and 
Histology,  and  Clinical  Observation.  To  each  of  these  is  Pathology 
indebted  in  endeavouring  to  form  a  conception  of  each  disease  in 
its  true  characters. 

John  Hunter  may  be  said  to  have  laid  the  foundation  of  experi- 
mental pathology.  So  far  as  it  can  be  prosecuted,  this  mode  of 
study,  which  aims  at  the  production  of  morbid  conditions  in  animals 
so  as  to  observe  them  more  closely,  is  calculated  to  afford  us  the 
most  directly  trustworthy  information  regarding  the  nature  of  diseases, 
and  much  of  the  advance  in  modern  pathology  is  due  to  this  line  of 
study.    If  we  can  actually  induce  a  given  disease  in  an  animal,  we 
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already  know  a  great  deal  in  regard  to  its  causation,  and  are  in  the 
way  of  finding  out  much  as  to  its  nature.  In  some  cases  we 
are  able  actually  to  observe  the  morbid  processes  by  means  of  the 
microscope  or  otherwise  in  the  living  animal ;  in  others  we  can  kill 
the  animal  at  various  periods  after  the  onset  of  the  disease,  and 
observe  the  results  at  various  stages.  We  can  vary  the  experiment 
in  different  ways  so  as  to  eliminate  on  one  side  and  another  the 
various  elements,  and  so  reduce  the  problem  to  its  simple  and  neces- 
sary parts.  Experimental  pathology  has  thus  carried  us  far  towards 
understanding  many  of  the  conditions  in  disease.  Eeference  need 
only  be  made  to  the  reformations  which  this  line  of  study  has 
effected  in  our  knowledge  of  Inflammation,  Embolism,  Tuberculosis. 

The  study  of  morbid  anatomy  may  not  effect  such  revolutions  in 
Pathology  as  experimental  pathology,  but  it  is  by  this  method  that 
the  scientific  basis  of  Pathology  has  been  laid,  and  in  the  training 
of  the  individual  medical  student  it  is  calculated  to  play  an  even 
more  important  part  in  giving  him  an  understanding  of  the  nature  of 
the  diseases  with  which  he  will  have  to  deal.  Morbid  anatomy  deals 
with  the  physical  changes  which  disease  produces  in  the  body.  These 
changes  are,  as  it  were,  the  expression  of  the  pathological  processes, 
and  are  only  to  be  regarded  as  indications  of  the  existence  of  these 
processes.  It  is  probable  that  all  morbid  processes  produce  changes 
in  structure,  although  the  changes  may  sometimes  elude  our  observ- 
ation. For  the  most  part,  however,  we  are  able  to  associate  the 
change  of  structure  with  the  morbid  process,  and  the  observed  change 
leads  us  up  to  the  actual  nature  of  the  disease. 

Morbid  Anatomy  is  the  study  of  the  structural  changes  in  all 
periods  and  stages  of  the  disease.  It  is  sometimes  objected  to  this 
mode  of  study,  that  in  observing  the  state  of  the  tissues  after  death 
we  see  only  the  last  stages  of  disease,  and  in  some  cases  only  the 
results.  This,  however,  is  not  the  case.  Every  clinical  observer 
will  admit  that  in  the  same  disease  the  fatal  issue  occurs  in  different 
cases  under  the  most  diverse  circumstances.  Death  ensues,  as  a 
rule,  when  by  reason  of  defective  nutrition,  or  a  deficiency  in  the 
supply  of  oxygenated  blood,  the  functions  of  the  body  can  no 
longer  be  carried  on.  As  there  is  in  different  individuals  an  infinite 
variety  in  the  vigour  of  the  vital  processes,  so  a  condition  which  in 
one  will  very  slightly  affect  the  essential  phenomena  of  life,  will,  in 
another,  seriously  compromise  them.  This  is  an  experience  of  our 
every-day  life.  And  thus  it  happens  that  patients  die  in  all  stages  of 
disease.  Even  in  the  same  case  we  are  often  able  to  study  the 
various  changes  in  their  different  stages. 
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As  an  illustration  of  what  is  meant,  take  the  case  of  pneumonia 
or  acute  inflammation  of  the  lungs.  Patients  die  in  this  disease,  as 
a  rule,  from  failure  of  the  heart  and  consequent  cessation  of  the 
circulation ;  but  the  paralysis  of  the  heart  is  not  related  solely  to 
the  condition  of  the  lungs.  It  is  often  much  more  closely  related 
to  the  elevation  of  temperature  which  is  to  be  traced  to  changes  in 
the  nervous  system,  while  the  power  of  resistance  of  the  heart  in 
each  person  is  an  important  element  in  the  matter.  And  so  it 
happens  that  one  man  will  die  with  a  limited  and  advancing 
pneumonia,  while  another  will  survive  a  very  extensive  involvement 
of  the  lung.  The  lung  at  death  in  the  one  case  is  in  the  same 
stage  of  the  disease  as  in  the  other  at  a  certain  date  during  life. 
We  can  study  the  nature  of  the  disease  in  the  former  and  we  are 
surely  warranted  in  assuming  that,  in  the  patient  who  survived,  the 
state  of  the  lung  is  virtually  identical  with  that  in  the  patient  who 
died. 

Again,  in  a  carcinoma  growing  up  to  death,  we  have,  at  the  grow- 
ing margins  of  the  tumour,  changes  which  are  the  same  as  those  by 
which  the  tumour  has  all  along  been  extending,  and  we  can  study 
the  methods  of  its  growth  as  well  as  its  relations  to  the  structures 
in  which  it  has  been  growing. 

Thus  it  is  that,  although  morbid  anatomy  by  itself  may  in  some 
cases  throw  little  light  on  the  nature  of  the  disease,  yet,  taken  as 
an  expression  of  the  morbid  process,  it  is  of  the  highest  value. 

In  referring  to  processes  and  changes  it  must  be  understood  that 
the  finer  structure  of  the  body  is  taken  into  account.  In  Patho- 
logical Anatomy,  we  include  Pathological  Histology,  and  it  may 
indeed  be  said  that,  as  the  coarser,  naked-eye  appearances  are  merely 
the  expression  of  the  finer  structural  details,  so  we  shall  not  under- 
stand the  former  unless  we  are  able  to  refer  them  to  the  latter. 
We  can  have  no  accurate  idea  of  the  proper  structure  of  the  normal 
liver  by  simply  looking  at  it  with  the  naked  eye,  and  we  can  have 
little  insight  into  its  morbid  conditions  by  the  same  method  of  observ- 
ation. The  morbid  conditions,  however,  do  generally  cause  changes 
in  the  naked-eye  appearances,  and  this  is  of  great  consequence  as 
enabling  us,  when  roughly  examining  an  organ,  to  infer  that  its 
structure  is  changed.  But  these  macroscopic  appearances  are  only 
of  value  when  they  are  used  to  throw  light  on  the  microscopic 
changes  or  to  direct  attention  to  them.  The  really  important  pro- 
cesses are  those  which  concern  the  finer  elements  of  the  tissues,  and 
so  it  is  to  these  that  we  shall  chiefly  attend  in  studying  the  various 
forms  of  disease. 
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Clinical  observation  is  of  great  importance  in  the  study  of  Patho- 
logy, and  that  in  various  ways.  If  what  has  been  stated  above  be 
correct,  then  it  is  the  processes  occurring  during  life  that  are  the  real 
subject  of  study  in  pathology,  and  it  is  only  by  careful  clinical  observ- 
ation that  we  are  able  to  get,  as  it  were,  into  close  relations  with 
these  processes  during  their  actual  currency.  Clinical  Observation 
and  Pathological  Anatomy  should  thus  be  taken  as  mutually  eluci- 
dating each  other,  and  as  working  together  towards  just  conceptions 
as  to  the  nature  of  the  conditions  concerned. 

There  is  another  aspect  in  which  clinical  observation  is  of  import- 
ance in  relation  to  pathology.  The  pathologist,  if  conversant  only 
with  morbid  anatomy  and  experimental  pathology,  is  apt  to  form  a 
too  mechanical  and  simple  conception  of  the  processes  involved,  and 
is  likely  to  theorize  on  the  basis  of  a  too  limited  view  of  the  sub- 
ject. Clinical  Observation  is  a  needed  corrective  to  this,  bringing 
the  pathologist  back  to  the  practical  aspects  of  the  matter,  and 
checking  the  tendency  to  theorize  by  the  discipline  of  facts. 

In  the  systematic  treatment  of  the  various  forms  of  disease,  the  plan 
here  adopted  has  been  to  take  up  first  the  diseases  in  their  general 
aspects,  and  afterwards  the  diseases  of  the  special  organs  and  systems. 
This  work,  therefore,  divides  itself  naturally  into  a  General  Part  and 
a  Special  Part. 

In  the  General  Part  will  be  taken  up  those  diseases  which  are  not 
confined  to  any  organ  or  tissue ;  most  of  them,  indeed,  may  affect 
any  organ  of  the  body.  This  is  preceded  by  a  Section  on  the 
Nature,  Causation,  and  Terminations  of  Disease. 

In  the  Special  Part,  the  diseases  as  they  manifest  themselves  in 
the  individual  organs  and  tissues  are  considered.  It  is  clear  that 
the  diseases  described  in  the  General  Part  will  again  come  under 
review  in  each  division  of  the  Special  Part,  and  they  will  be  taken 
up  very  much  in  the  same  order  as  in  the  General  Part.  But  each 
disease  presents  various  specialities  according  to  its  locality,  and, 
from  a  practical  point  of  view,  it  is  important  to  understand  the 
modifications  thus  occurring.  The  Special  Part  will  be,  in  a  certain 
sense,  an  expansion  and  amplified  illustration  of  the  general  prin- 
ciples educed  in  the  General  Part. 


PART  FIRST-GENERAL  DISEASES. 


SECTION  I. 


NATURE,  CAUSATION,  AND  TERMINATIONS  OF  DISEASE 

IN  GENERAL. 


Nature  of  Disease. — Normal  activities  of  tissues  concerned  with  self-preservation  ; 
in  disease  their  efficiency  impaired.  Causation  of  Disease.— Action  of  ex- 
ternal forces  nearly  always  present,  but  powers  of  resistance  in  the  tissues 
an  important  element.  A.  Influence  of  external  forces  :  I.  Direct  action  of 
(1)  the  physical  forces,  (2)  poisons  and  (3)  infective  agents;  II.  Indirect 
action  in  producing  susceptibility  to  disease.  B.  Influence  of  internal 
conditions :  I.  Congenital  diseases  and  susceptibilities  ;  II.  Influence  of 
inheritance  (1)  on  racial  and  individual  characters,  (2)  on  anatomical  or 
morphological  and  physiological  abnormalities,  (3)  on  susceptibilities  and 
predispositions  to  disease,  (4)  on  the  constitution  of  the  body  as  a  whole 
and  its  individual  parts.  (5)  Theories  of  heredity  ;  III.  Influence  of  age  and 
sex.  Terminations  of  disease. — Recovery  implies  vis  medicatrix  naturce. 
Death  by  failure  of  respiration  or  of  heart's  action. 


ATHOLOGY,  as  we  have  seen,  is  concerned  with  morbid  condi- 


•  tions,  taking  account  of  the  causes  of  disease,  the  nature  of 
the  changes  induced  in  the  tissues,  and  the  resulting  alterations  in 
function.  This  implies  a  knowledge  of  the  condition  of  the  body 
in  health  and  a  comparison  between  the  healthy  and  morbid  states. 
In  this  preliminary  section  it  will  be  proper  to  lay  down  some 
general  principles  in  regard  to  the  difference  between  normal  and 
pathological  actions. 

In  our  conception  of  the  living  body  we  are  not  to  look  upon  it 
merely  as  a  whole,  but  also  in  its  liner  elements.  John  Hunter  laid 
it  down  as  one  of  his  most  important  primary  principles  that  "  every 
individual  particle  of  animal  matter  is  possessed  of  life,  and  the  least 
imaginable  part  is  as  much  alive  as  the  whole."     This  principle  of 
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John  Hunter's  may  be  regarded  as  the  basis  of  the  modern  Cell 
theory,  which,  in  the  hands  of  Goodsir,  Virchow,  and  others,  has 
been  applied  to  Pathology.  According  to  this  theory,  which  may 
now  perhaps  take  rank  as  a  definitely  established  principle,  the 
tissues  of  the  body  contain  multitudes  of  quasi-independent  bodies, 
which  have  their  own  actions  and  their  own  life.  We  do  not 
properly  appreciate  any  action  of  the  body,  whether  normal  or 
pathological,  unless  we  take  into  account  the  finest  details  of  the 
tissues  and  have  regard  to  the  active  cell-life  which  goes  on  there. 

The  primary  actions  of  the  cells  will  be  found  to  be  remarkably 
similar  to  those  of  the  larger  structures  of  the  body  and  of  the  body 
as  a  whole.  Each  of  the  cells  is  engaged,  in  the  first  instance,  in 
self-preservation.  It  has  its  own  substance  to  preserve,  and  it  has 
also  in  many  cases  a  certain  portion  of  intercellular  substance  to 
look  after.  Its  first  duty  is  to  resist  any  disintegrating  action  and 
to  make  up  for  any  waste"  which  may  occur  in  the  exercise  of  its 
ordinary  functions.  In  like  manner  the  body  as  a  whole  has,  for 
its  primary  action,  the  preservation  of  its  own  existence,  opposing 
its  resistance  to  forces  external  to  itself,  and  making  up  for  the 
ordinary  waste  of  life.  To  this  are  subservient  all  the  constant 
organic  functions,  digestion,  respiration,  circulation,  etc.  The  indi- 
vidual organs  of  the  body  have  also,  in  many  cases,  special 
arrangements  for  self-preservation,  which  come  into  play  when  any 
interference  from  without  incommodes  them  in  their  functions. 
Thus  resistance  to  forces  external  to  themselves  in  order  to  self- 
preservation  enters  into  xthe  primary  actions  of  all  living  animal 
structures.    This  may  be  illustrated  before  going  further. 

A  living  egg  consists  of  a  single  cell,  surrounded  by  a  mass  of 
nutritious  matter  destined  to  afford  material  out  of  which  the  future 
animal  is  to  be  built  up.  But  the  egg,  by  virtue  of  the  living  prin- 
ciple in  it,  possesses,  as  John  Hunter  showed,  a  remarkable  power 
of  resisting  external  influences.  It  resists  the  influence  of  cold  and 
of  the  agents  of  putrefaction  to  a  degree  which  contrasts  very  strik- 
ingly with  an  egg  which  is  not  alive.  When  a  dead  egg  (e.g.,  one 
that  has  been  killed  by  previous  freezing)  is  placed  in  a  freezing 
mixture  its  temperature  soon  falls  to  32°  F.,  and  it  begins  to  swell 
and  congeal.  In  the  case  of  a  fresh  egg,  however,  the  temperature 
falls  to  29 J°  without  freezing,  and  it  takes  25  minutes  longer  than 
the  dead  one  to  freeze.  Before  freezing,  the  temperature  rises  to  32°. 
Again,  all  through  the  process  of  hatching,  the  yolk,  and  what 
remains  of  the  albumen,  continue  perfectly  sweet  ■  but  if  a  dead  egg 
be  in  the  nest  it  becomes  putrid  like  an  ordinary  piece  of  dead 
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matter  under  similar  circumstances.  These  observations  of  John 
Hunter  show  that  a  small  piece  of  living  matter  has  a  special  power 
of  resisting  the  influences  of  external  forces  such  as  dead  matter 
does  not  possess. 

The  body  as  a  whole  is  also  engaged  in  resisting  the  action  of  forces 
external  to  itself.  An  example  of  this  is  afforded  by  the  preservation 
of  the  bodily  temperature  in  warm-blooded  animals.  In  such  animals 
there  is  a  continuous  loss  of  heat  by  radiation  and  convection,  and  it  is 
an  important  function  of  the  body  to  compensate  for  the  loss.  Again, 
locomotion  and  even  the  retention  of  the  erect  posture  are  effected  by 
the  opposition  of  the  various  organs  of  locomotion  to  the  action  of 
gravitation.  The  resistance  to  this  force  involves  the  functions  of 
bones,  ligaments,  muscles,  and  nervous  system. 

In  the  actual  living  body,  then,  the  cells  are  engaged  in  preserving 
themselves  from  influences  which  may  exist  inside  the  body  but  are 
external  to  themselves,  the  regular  wear  and  tear  of  life,  and  the  body 
as  a  whole  is  similarly  engaged.  Health  is  preserved  so  long  as  the 
individual  elements  and  the  tissues  as  a  whole  are  completely  successful 
in  resisting  all  disturbing  influences,  so  long  as  they  preserve  themselves 
in  a  perfect  state.  In  that  case  all  the  functions  are  performed  with 
such  ease  that  they  do  not  obtrude  themselves  on  the  consciousness, 
and  the  body  as  a  whole  is  preserved  from  decay  and  injury.  On  the 
other  hand,  when  the  forces  external  to  the  body  as  a  whole  or  to 
•its  individual  elements  successfully  obtrude  themselves  and  impair 
the  due  efficiency  of  the  living  structures,  then  disease  supervenes. 
In  disease,  therefore,  we  have  to  take  into  account  the  vital  activity 
of  the  tissues,  chiefly  of  the  cellular  elements,  and  the  alterations 
wrought  by  forces  external  to  the  structures  concerned. 

CAUSATION  OF  DISEASE. 

In  the  causation  of  disease  we  have  to  look  chiefly  to  external  forces 
as  the  immediate  agents,  but  we  have  also  to  take  into  account  tend- 
encies and  susceptibilities  existing  in  the  tissues,  which  tendencies  and 
susceptibilities  may  sometimes  amount  to  actual  determining  causes. 
Disease  may  be  induced  in  two  ways  :  on  the  one  hand  external  agents 
may  attack  the  tissues  with  such  energy  as  to  break  down  the  resistance 
of  the  living  structures,  or,  on  the  other  hand,  the  tissues  may  be  so 
weakened  as  to  be  unable  to  resist  the  impact  of  the  ordinary  forces 
external  to  themselves.    This  may  be  made  clearer  by  illustration. 

At  the  mucous  and  cutaneous  surfaces  of  the  body  there  are  in- 
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numerable  microbes  or  bacteria  capable  of  preying  on  animal  matter. 
When  the  body  dies  these  begin  their  action  on  the  tissues,  and  the 
process  of  putrefaction  leads  to  the  disintegration  of  the  tissues.  Dur- 
ing healthy  life,  however,  these  microbes  are  restrained  by  the  living 
epithelial  cells  of  the  mucous  and  cutaneous  surfaces.  It  seems,  indeed, 
an  important  function  of  these  cells  to  prevent  the  inroads  of  such 
living  organisms.  But  let  an  injury  of  some  kind  destroy  the  protect- 
ing layer  of  cells,  then  the  agents  of  putrefaction  may  find  entrance, 
and  by  their  action  produce  serious  inflammations.  Again,  some  of 
these  bacteria,  even  when  they  find  entrance  to  the  tissues,  produce 
no  effect  in  most  persons,  while  in  others,  by  reason  of  some  weakness 
in  the  powers  of  resistance,  they  lead  to  the  processes  of  disease.  It 
is  so  in  regard  to  Tuberculosis,  for  instance.  Most  people  are  exposed 
to  the  inroads  of  the  microbes  of  tuberculosis,  inhaling  them  into 
their  lungs,  and  taking  them  with  their  food  into  the  alimentary 
canal,  but  only  a  percentage  of  those  exposed  acquire  the  disease. 
On  the  other  hand,  microbes  may  be  of  such  vigour  that  they  readily 
overcome  the  resistance  of  the  living  barriers,  even  in  healthy  persons. 
But  even  in  a  severe  epidemic,  such  as  that  of  cholera,  the  number 
of  persons  affected  is  only  a  percentage  of  those  who  presumably 
were  exposed  to  the  contagion.  Thus  in  Hamburg  there  was  in 
1892  an  epidemic  of  great  severity,  specially  limited  in  its  area,  but 
of  579,907  inhabitants,  only  about  3  per  cent,  were  affected  with 
cholera. 

As  another  illustration,  we  may  cite  the  ordinary  external  mechan- 
ical forces.  Our  tissues  are  formed  to  resist  all  ordinary  mechanical 
forces  to  which  they  are  exposed.  They  will  succumb,  however,  to 
exceptionally  vigorous  impacts  of  the  mechanical  forces,  and  in  this 
way  there  occur  such  conditions  as  wounds,  fractures  of  bones,  etc. 
But,  on  the  other  hand,  the  tissues  may  be  primarily  altered  so  as 
to  expose  a  less  degree  of  resistance  than  usual  to  the  impact  of  the 
mechanical  forces.  There  is  a  condition,  for  example,  in  which  the 
blood-vessels  are  readily  ruptured  and  the  resulting  haemorrhage  is 
with  difficulty  stayed.  Persons  so  affected  may  bleed  to  death  from 
a  trivial  injury.  Again,  there  are  persons  whose  bones  are  unable 
to  support  the  weight  of  the  body  efficiently ;  they  bend  under  it. 
These  are  examples  of  inherent  morbid  conditions  which,  indeed,  do 
not  come  into  evidence  till  the  external  forces  act  on  the  body,  but 
which  are  present  as  definite  changes  in  the  tissues,  and  are  hence 
designated  diseases  or  morbid  conditions. 

From  these  illustrations  it  will  appear  that,  while  in  the  production 
of  the  actual  manifestations  of  disease  external  forces  are,  in  most  cases 
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at  least,  the  determining  causes,  yet  that  in  many  cases  there  are 
pre-existing  conditions  in  the  tissues,  which  form  an  important 
element  in  the  causation,  sometimes  even  more  important  than  the 
other.  This  pre-existing  element  may  be  some  manifest  and  definite 
imperfection  in  the  structure  of  the  body  rendering  it  inefficient  in 
relation  to  some  of  the  ordinary  actions  of  life,  or  it  may  be  some 
obscure  peculiarity  which  renders  the  tissues  less  able  to  resist 
certain  external  agents.  In  the  one  case  the  pre-existing  morbid 
condition  is  described  as  the  Disease,  in  the  other,  we  speak  of 
Susceptibility  or  Predisposition  as  existing.  It  is  to  be  noted  that 
such  susceptibility  or  predisposition  is  usually  to  a  particular  form 
of  disease  and  that  it  may  exist  in  persons  who  are  otherwise 
perfectly  normal.  It  is  clear  also  that  the  susceptibility  may  exist 
throughout  life  without  the  person  having  been  exposed  to  the 
external  influence  which  is  necessary  to  the  production  of  the 
disease. 

The  term  Diathesis  is  frequently  used  to  designate  a  peculiar 
constitutional  state,  predisposing  persons  to  certain  forms  of  disease. 
Thus  the  rheumatic,  scrofulous,  and  gouty  diatheses  are  spoken  of. 
These  conditions  are,  however,  too  vague  to  be  of  much  real  scientific 
value,  and,  as  a  matter  of  fact,  the  term  is  often  used  to  designate 
not  merely  a  predisposition  but  an  actually  existing  condition  of 
disease. 

A. — Influence  of  External  Forces  in  the  Causation 
of  Disease. 

External  influences  may  have  a  direct  or  an  indirect  influence  in  the 
causation  of  disease.  This  is  to  say,  they  may  act  directly  on  the 
tissues  so  as  to  bring  about  certain  phenomena  which  we  term 
diseases,  or  else  they  may  so  influence  the  tissues  as  to  increase 
their  liability  or  susceptibility  to  certain  diseases. 

I.— DIRECT  INFLUENCE  OF  EXTERNAL  FORCES. 

1.  The  physical  forces,  mechanical,  chemical,  thermal,  and  electric, 
often  directly  affect  the  tissues.  Their  effect  is  to  damage  the  parts 
on  which  they  act.  The  mechanical  forces  cause  wounds,  bruises, 
fractures,  etc. ;  the  chemical  forces  produce  disintegration  or  less 
severe  injury  to  the  tissues  ;  excessive  heat  and  cold  kill  the  tissues, 
and,  acting  less  strongly,  do  a  certain  amount  of  damage.  In  all 
these  cases  the  immediate  effects  are  local  ones,  the  living  structures 
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acted  upon  are  injured.  But  as  the  tissues  are  living  tissues,  certain 
phenomena  ensue  which  are  the  expression  of  the  physiological 
processes,  altered  by  the  damage  done  to  the  tissue.  We  have  a 
series  of  phenomena  generally  grouped  under  the  term  Inflammation, 
which  arise  more  or  less  directly  from  the  damage  done  to  the 
living  structures,  and  more  particularly  to  the  blood-vessels.  The 
phenomena  of  inflammation  are  essentially  local,  having  their  seat 
in  the  damaged  part ;  they  are  the  expression  of  its  own  action. 
To  some  extent  these  phenomena  are  also  the  result  of  an  attempt 
in  the  part  to  recover  from  the  damage  inflicted,  or,  as  it  is  called, 
of  a  reaction  of  the  living  tissues  against  the  injury  done. 

But  even  in  the  case  of  purely  physical  causes,  the  phenomena  do 
not  always  remain  purely  local.  As  the  blood-vessels  of  the  injured 
part  are  in  communication  with  the  general  circulation,  the  products 
of  the  changes  occurring  in  the  tissues  may  be  carried  throughout 
the  body,  and  produce  changes  in  the  blood  and  tissues  as  a  whole. 
An  example  of  this  is  furnished  by  some  cases  of  extensive  burns 
of  the  skin.  The  blood  in  the  parts  exposed  to  the  excessive  heat 
may  be  damaged ;  the  red  corpuscles  are  sometimes  killed.  The 
dead  corpuscles  are  disintegrated  and  their  products  are  carried 
with  the  general  circulation,  and  may  do  damage,  especially  while 
in  the  process  of  elimination  by  the  kidneys.  Again,  in  almost  all 
inflammations  the  fluid  of  the  blood  passes  out,  to  some  extent, 
amongst  the  tissues  or  on  to  surfaces.  In  these  situations  it  may 
undergo  putrefactive  or  6ther  changes,  the  products  of  which  may 
pass  back  into  the  blood  by  way  of  the  lymphatics  or  veins,  and 
so  be  carried  throughout  the  body.  The  result  of  this  is  a  different 
series  of  phenomena,  included  under  the  term  Fever  or  Pyrexia. 
Hence  fever  is  a  frequent  accompaniment  of  inflammation,  even  when 
the  latter  is  produced  by  physical  causes. 

2.  Poisons,  in  the  ordinary  sense  of  the  word,  can  scarcely  be 
said  to  produce  diseases.  Some  of  them,  indeed,  are  chemical 
agents,  such  as  alkalies  and  acids,  which  act  locally  on  the  tissues, 
and  produce  inflammations  in  the  usual  way.  Others,  such  as 
arsenic  and  cantharides,  produce  local  inflammations,  not  by  any 
obvious  or  gross  chemical  action,  but  by  some  more  intimate 
influence  on  the  vitality  of  the  structures.  These  two  agents,  like 
many  other  poisons,  whatever  the  portal  by  which  they  find 
entrance  to  the  body,  being  carried  by  the  blood,  select  certain 
localities  on  which  to  act.  Arsenic  acts  as  an  irritant  on  the 
mucous  membrane  of  the  stomach  and  intestines,  producing  the 
phenomena  of  inflammation  there ;    cantharides   acts   similarly  on 
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the  kidneys  and  bladder.  Most  other  poisons  resemble  these  two 
in  respect  that  they  select  a  certain  locality  for  their  action, 
and  that  they  produce  their  effects  by  some  intimate  influence 
on  the  vital  processes  of  the  living  tissues,  this  influence  probably 
having  to  do  with  the  finer  chemical  processes  concerned  in  the 
vital  phenomena.  In  the  case  of  most  poisons,  the  nervous  system 
is  more  or  less  affected,  many  of  them  having  special  kinds  of 
actions,  and  some  of  them  selecting  special  parts  of  the  nervous 
system.  Thus,  strychnia  acts  as  an  irritant  upon  the  motor  centres 
of  the  cord  and  medulla  oblongata.  The  term  Intoxication  (which 
literally  means  poisoning)  is  used  by  Continental  writers  to  designate 
the  effects  produced  on  the  nervous  system  by  poisons  in  general. 
In  this  country  it  has  become  appropriated  to  the  effects  on  the 
nervous  system  of  poisoning  by  alcohol. 

3.  Infective  agents  stand  in  a  totally  different  position  from  ordi- 
nary poisons.  The  term  is  used  in  relation  to  agents,  which,  when 
introduced  into  the  body,  increase  by  self-multiplication,  and  produce 
effects  altogether  disproportionate  to  their  original  amount.  They 
may  be  introduced  in  exceedingly  minute  quantities,  but  they  may 
have  very  severe  effects,  resulting  even  in  death. 

These  agents  owe  their  special  characters  to  the  fact  that  they  are 
embodied  in  the  living  cells  of  minute  microscopic  organisms.  Many 
of  them  have  been  distinguished  as  belonging  to  a  great  division 
of  the  vegetable  kingdom,  and  these  are  grouped  under  the  general 
terms,  Bacteria,  Micro-organisms,  and  Microbes.  In  a  few  cases, 
and  especially  in  malarial  fevers,  minute  animal  organisms  have  been 
discovered.  These  minute  organisms,  whether  vegetable  or  animal, 
propagate  chiefly  by  simple  division  of  their  cells,  and  do  so  generally 
with  great  rapidity,  so  that  they  multiply  very  greatly  in  a  limited 
time.  They  do  not  usually  produce  their  effects  directly,  but  by 
means  of  poisons  eliminated  by  them  in  the  course  of  their  vital 
processes. 

Some  of  the  microbes  produce  in  the  first  instance  purely  local 
effects,  these  effects  having  as  a  rule  the  characters  of  inflamma- 
tions, sometimes  with  special  characters  which  serve  to  distinguish 
the  various  kinds  of  agents.  Thus  syphilis  and  tuberculosis  always 
begin  by  the  local  application  of  the  morbid  poison,  and  their  primary 
phenomena  are  more  or  less  modified  inflammations.  But  even  those 
which  have  a  primary  local  seat  very  readily  extend  their  influence 
beyond  it  to  the  circulating  blood,  while  many  forms  appear  to  have 
no  primary  local  seat,  but  immediately  pass  into  the  blood.  It  is 
so  with  typhus  fever,  yellow  fever,  scarlet  fever,  and  others.  This 
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extension  to  the  blood  may  be  of  the  infective  agents  themselves, 
the  bacteria  propagating  into  the  blood  and  multiplying  there,  or  it 
may  be  a  mere  nitration  of  the  poisonous  products  of  the  microbes, 
the  latter  remaining  local.  Thus  tuberculosis  may  remain  entirely 
local,  and  yet  fever  is  a  nearly  constant  result  from  the  products 
passing  on  into  the  blood.  Indeed  there  are  some  forms  which 
apparently  never  pass  beyond  their  local  seats  and  yet  produce  general 
phenomena.  Thus  the  microbe  of  cholera  appears  to  confine  itself  to 
the  intestinal  canal,  but  its  products  are  absorbed  and  produce  effects 
upon  the  nervous  system  and  otherwise. 

The  term  Infective  Disease  is  applied  to  affections  of  this  class  with 
reference  to  the  fact  that  the  disease  is  communicated  by  infection, 
that  is  to  say  by  the  application  of  such  agents  as  those  referred  to 
above.  The  term  Contagium  or  Contagium  vivum  is  frequently  used 
in  a  sense  equivalent  to  infective  agent.  The  mode  of  extension  of 
this  class  of  diseases  amongst  the  community  is  somewhat  various, 
and  in  some  cases  somewhat  difficult  to  determine.  There  are  many 
in  which  the  disease  is  simply  passed  from  person  to  person,  either 
directly  or  by  clothing,  excreta,  or  otherwise.  Such  diseases  are  called 
distinctively  Infectious  or  Contagious. 

But  the  mode  of  extension  is  in  many  instances  not  so  simple  as 
this.  There  are  some  infective  agents  which  appear  to  reside  in 
special  localities,  being  apparently  fostered  by  the  special  conditions 
of  temperature,  moisture,  and  other  factors  in  these  localities.  In 
order  to  acquire  such  affections  a  person  must  visit  the  locality,  and 
the  morbid  poison  must,  as  it  were,  rise  from  the  ground  or  proceed 
from  its  local  habitation  and  pass  into  his  body.  The  term  Miasma 
is  applied  to  such  an  infective  agent,  and  the  diseases  are  called  mias- 
matic. The  most  typical  instance  of  it  is  malarial  fever,  although 
there  is  reason  to  believe  that  acute  rheumatism  and  some  other 
affections  are  miasmatic. 

To  the  class  of  diseases  here  under  consideration  the  terms  epidemic 
and  endemic  are  frequently  used.  A  disease  is  epidemic  when  it 
occurs  in  large  numbers  within  a  limited  time  in  a  place  where  it  is 
not  generally  prevalent.  The  occurrence  of  an  epidemic  implies  the 
introduction  in  considerable  quantity  of  an  infective  agent,  and  in  such 
a  case  the  disease  will  mostly  be  infectious.  On  the  other  hand,  a 
disease  is  endemic  when  it  is  habitually  prevalent  in  a  particular 
locality.  In  that  case  the  disease  is  most  likely  to  be  miasmatic  in 
its  origin. 
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II. — INFLUENCE  OF  EXTERNAL  CIRCUMSTANCES  IN  PRODUCING 
SUSCEPTIBILITY  TO  DISEASE. 

External  circumstances  doubtless  produce  definite  effects  on  the 
living  body,  but  these  effects  are  frequently  very  difficult  to  determine. 
Climate,  temperature,  condition  of  the  atmosphere  as  regards  purity 
or  moisture,  the  character  of  the  soil,  the  dwellings,  the  food  and 
drink,  the  clothing,  the  occupations  of  men,  all  have  influence  on  their 
susceptibility  to  disease.  The  geographical  distribution  of  disease  and 
the  effects  of  occupations  have  been  made  especially  the  subject  of 
observations,  but  a  more  particular  examination  of  these  points  scarcely 
lies  within  our  province. 

External  circumstances  will  affect  the  living  tissues  chiefly  by 
rendering  them  less  vigorous  in  their  resistance  to  influences  calculated 
to  produce  disease.  As  an  illustration  of  this  we  may  cite  the  effect  of 
exposure  to  cold  in  the  causation  of  disease.  It  is  an  admitted  fact 
that  exposure  to  cold,  especially  when  the  body  is  fatigued  and 
the  general  vitality  lowered,  is  frequently  followed  by  attacks  of 
disease.  But  the  exposure  can  scarcely  be  the  cause  of  the  disease, 
as  it  produces  in  different  persons  most  diverse  results.  Thus  a 
similar  exposure  will  lead  in  one  person  to  acute  catarrh  of  the  air- 
passages,  in  another  to  acute  rheumatism,  in  a  third  to  acute  inflam- 
mation of  the  kidneys,  in  another  to  diarrhoea,  and  so  forth.  It  is 
clear  that  the  effect  of  the  exposure  is,  in  most  cases  by  reflex  nervous 
influences,  to  render  some  part  unduly  susceptible  to  the  exciting 
causes  of  disease,  the  locality  which  is  thus  rendered  susceptible  being 
determined  often  by  the  individual  characteristics-  of  the  person.  In 
many  cases  the  disease,  indeed,  is  due  to  an  infective  agent,  which  is 
able  to  make  good  its  entrance  when  the  structures  are  weakened. 
In  what  is  specifically  designated  a  common  cold,  the  exposure  to 
a  low  temperature  is  merely  one  of  the  predisposing  conditions. 
Colds  frequently  arise  without  any  such  exposure.  The  fact  that 
such  colds  are  often  obviously  infectious  is  an  indication  that  they 
are  due  to  infective  agents,  which  must  be  very  prevalent  in  the 
community. 

Occupations  will  influence  the  production  of  disease  according  as 
they  tend  to  weaken  particular  tissues.  Employments  which  imply 
severe  muscular  exertion,  for  instance,  cause  considerable  strain  on 
the  vascular  system,  as  every  strong  muscular  effort  is  accompanied 
by  a  closure  of  the  glottis,  with  suspension  of  the  respiratory  move- 
ments, and  a  rise  in  the  blood-pressure.     Such  efforts  frequently 
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repeated  will  render  the  heart  and  large  vessels  peculiarly  susceptible 
to  disease.  Hence  we  find  that  affections  of  the  heart  and  arteries, 
more  particularly  aneurysm,  are  much  more  common  in  men  than  in 
women,  and  in  men  who  are  engaged  in  occupations  which  require 
strong  and  sustained  muscular  exertion,  such  as  blacksmiths,  engineers, 
sailors,  etc.  Again,  the  frequent  respiration  of  impure  air,  while  it 
leads  to  a  general  weakness  of  the  body,  produces  a  special  suscepti- 
bility to  disease  in  the  lungs.  On  the  other  hand,  the  inhalation  of 
dust  often  leads  directly  to  disease  of  the  lungs,  by  the  particles  of 
dust  actually  injuring  the  lung  tissue. 

B. — Influence  of  Internal  Conditions  on  the  Causation 

of  Disease. 

From  what  has  gone  before  it  will  appear  that  the  condition  of 
the  tissues  forms  frequently  a  strong  predisposing  element  in  the 
causation  of  disease.  It  will  also  appear,  however,  that  there  are 
certain  conditions  of  the  tissues  which  in  themselves  are  counted 
diseases,  and  which  arise  without  any  apparent  external  cause  having 
acted  ;  they  are  in  this  sense  spontaneous,  although  this  expression, 
as  well  as  the  synonymous  one  idiopathic,  merely  indicates  that  the 
cause  is  obscure. 

Looking  at  the  tissues  as  living,  we  recognize  that  in  their  activity 
they  are  capable  of  morbid  change  in  the  direction  of  defect  on  the 
one  hand  and  excess  on  the  other.  External  causes  may  produce 
either  of  these  morbid  changes,  damaging  the  tissues  on  the  one 
hand  or  stimulating  them  to  undue  activity  on  the  other.  But  the 
tissues  in  themselves  may  be  defective  or  excessive,  and  may  be  so 
,  either  in  actual  structure  or  in  their  tendencies  and  susceptibilities. 
These  defects  or  excesses  may  be  obviously  the  result  of  the  action 
of  external  forces,  but  internal  conditions  have  frequently  a  strong 
and  sometimes  a  paramount  influence  in  their  causation.  It  will  be 
proper  to  consider  several  different  kinds  of  influence. 

I.  — CONGENITAL  DISEASES  AND  SUSCEPTIBILITIES. 

A  condition  is  congenital  when  the  person  is  born  with  it.  There 
are  some  diseases  which  are  manifestly  present  at  birth,  and  for  the 
causation  of  which  it  is  necessary  to  go  back  to  the  period  of  life 
in  utero.  Some  of  these  are  obviously  due  to  the  action  of  external 
forces,  mechanical  or  other,  but  there  are  others  in  which  the  causation 
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is  quite  obscure.  Among  those  whose  cause  is  clear  may  be  cited 
congenital  syphilis,  which  is  always  a  manifestation  of  hereditary 
syphilis.  In  this  case  a  morbid  poison  is  propagated  from  the  parent 
to  the  offspring,  and  acts  on  the  latter  while  still  unborn. 

Many  of  the  congenital  diseases  consist  in  Malformations  of  the 
body  as  a  whole  or  in  part.  These  occur  during  the  course  of 
development  and  growth  of  the  body,  and  consist  in  errors  of  excess 
or  defect  in  the  formation  or  disposition  of  the  tissues.  Some  of 
them  can,  without  difficulty,  be  traced  to  the  action  of  external 
forces  on  the  foetus.  For  example,  a  limb  or  part  of  one  may  be 
amputated  in  the  uterus,  and  the  person  may  be  born  with  a  corre- 
sponding defect,  perhaps  partly  remedied  by  subsequent  growth  of 
the  injured  part.  There  are  probably  many  congenital  defects, 
which,  if  they  could  be  traced  back  to  their  origin,  would  be  found 
due  to  mechanical  interference,  but  it  is  only  in  regard  to  a  few  of 
them  that  this  can  as  yet  be  done.  Such  mechanical  interference  may 
be  due  to  inflammation,  producing  adhesion  of  parts,  and  thus  hinder- 
ing their  due  expansion.  It  seems  probable  that  inflammations  play 
a  considerable  part  in  the  causation  of  diseases  in  the  uterus,  and 
these  inflammations  will  be  due  to  the  action  of  external  forces  just 
as  are  those  of  extra-uterine  life. 

In  regard  to  congenital  susceptibilities,  these,  again,  may  be 
divided  into  those  tending  towards  defect  on  the  one  hand  and  excess 
on  the  other.  Persons  are  born,  it  may  be,  with  certain  of  their 
tissues  unduly  weak  and  tending  to  decay.  These  tissues  may  give 
way  and  become  the  seat  of  disease  as  a  result  of  the  action  of 
causes  which  in  most  persons  would  produce  no  such  effect.  It  may 
even  be  that  at  a  certain  period  of  life  they  may  degenerate  with- 
out any  apparent  determining  cause.  Then,  as  opposed  to  this, 
people  may  be  born  with  a  tendency  to  undue  excess  in  the  growth 
of  certain  parts  of  their  tissues.  The  causation  of  Tumours  or 
Morbid  growths  is  very  obscure,  but  we  may  say  at  least  that 
obvious  congenital  conditions,  such  as  soft  warts  or  moles,  are  not 
infrequently  the  starting  points  of  tumours  in  later  life.  We  may  also 
infer  that  conditions  equally  congenital,  but  situated  so  as  not  to  be 
visible,  may  be  the  starting  point  of  other  tumours,  the  susceptibility 
to  which  has  existed  during  life. 

It  will  appear  from  what  has  gone  before  that  congenital  diseases 
are  due  to  a  variety  of  causes,  and  that  they  owe  comparatively 
little  to  inheritance.  All  that  the  term  means  is  that  the  child 
comes  into  the  world  with  the  disease  existent.  Congenital  suscepti- 
bility, on  the  other  hand,  will  be  for  the  most  part  due  to  inheritance. 
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II.  — INFLUENCE  OF  INHERITANCE  IN  THE  CAUSATION  OF 

DISEASE. 

At  the  outset  it  is  necessary  to  distinguish  two  very  different  classes 
in  relation  to  the  inheritance  of  disease. 

Hereditary  Diseases.— The  term  hereditary  disease  is  usually  applied 
to  cases  in  which  a  definite  morbid  condition  is  transmitted  from 
parent  to  offspring.  The  commonest  case  of  the  kind  is  Hereditary- 
Syphilis.  Here  a  morbid  poison,  presumably  related  to  a  form  of 
microbe,  is  transmitted  by  the  parent  to  the  offspring.  It  is  a  case 
in  which  an  external  force  acting  on  the  parent  is  directly  passed 
on  to  the  offspring,  and  becomes  active  in  the  latter  as  it  has  been 
in  the  former.  Many  of  the  acute  fevers  have  been  similarly  trans- 
mitted to  the  child  in  utero,  the  foetus  either  passing  through  the 
fever  successfully  or  dying  from  it.  Thus  small-pox,  intermittent 
fever,  measles,  relapsing  fever,  may  be  communicated  to  the  child 
in  ntero.  Children  have  been  born  with  the  eruption  of  small-pox  or 
the  cicatrices  visible  on  their  skins ;  others  have  presented  the  large 
spleens  and  cachectic  appearances  of  ague. 

It  is  obvious  that  in  all  these  cases  the  hereditary  form  of  the 
disease  does  not  differ  essentially  in  its  causation  from  the  ordinary 
forms  of  the  same  disease,  and  that  inheritance  is  in  no  sense  a 
cause,  but  merely  a  mode  of  transmission  of  the  cause.  We  may 
therefore  entirely  eliminate  this  class  of  cases  in  considering  the 
influence  of  inheritance  in  the  causation  of  disease. 

Most  cases  of  hereditary  disease  in  this  sense  are  congenital,  but 
they  are  not  necessarily  so.  In  the  case  of  syphilis,  for  instance, 
the  manifestations  of  the  disease  may  not  be  present  at  birth, 
although  later  on  lesions  occur  which  are  due  to  hereditary  trans- 
mission. 

In  regard  to  nomenclature,  it  may  be  well  to  limit  the  term 
Hereditary  Disease  to  cases  of  direct  transmission,  as  in  syphilis, 
and  to  reserve  the  term  Inherited  Susceptibility  or  inherited  disease 
for  cases  in  which  there  is  no  actual  propagation  of  the  disease 
itself. 

1.  The  General  Principles  of  Inheritance. — In  order  to  determine 
the  domain  of  inheritance  in  the  causation  of  disease  it  is  necessary 
first  to  consider  the  nature  of  its  influence  jn  the  normal  anatomical 
and  physiological  conditions  of  our  bodies.  Looking  broadly  at  the 
subject  it  may  be  said  that  the  whole  bodily  conformation  of  the 
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animal  is  dependent  on  inheritance.  It  is  by  inheritance  that  human 
beings  belong  to  the  Vertebrata,  to  the  Mammalia,  and  to  the 
genus  and  species  Homo.  It  is  also  by  inheritance  that  the  more 
minute  peculiarities  of  races,  families,  and  individuals  are  produced. 
This  matter  is  illustrated  and  elucidated  in  the  observations  which 
follow. 

Race  the  Result  of  Inheritance. — We  see  the  influence  of  inherit- 
ance not  only  in  the  fact  that  human  parents  produce  human  offspring, 
but  also  in  that  the  offspring  conform  to  the  race  of  the  parents. 
It  is  important  in  connection  with  what  follows  to  consider  what 
constitute  the  differences  of  the  races  of  men.  There  is  more  or  less 
pigment  in  the  deeper  layers  of  the  epidermis  ;  the  hair,  in  transverse 
section,  is  circular  or  oval  in  outline,  or  more  or  less  oval  ;  the  nasal 
bones  are  articulated  at  an  acute  or  obtuse  angle  ;  the  lower  jaw  is 
more  or  less  massive  ;  the  shape  and  details  of  the  bones  of  the  skull 
are  various  ;  the  eyes  are  horizontal  or  are  directed  upwards  at  their 
outer  extremities  ;  and  so  on.  It  is  these  differences  in  structure 
that  make  the  chief  distinctions  of  race,  and,  if  we  compare  two  such 
dissimilar  races  as  the  negro  and  the  Englishman,  we  shall  see  that 
the  difference  lies  in  a  multitude  of  details,  each  of  which  if  taken 
apart  might  seem  trivial.  And  yet  the  fertilized  ovum  inherits  the 
power  of  modelling  the  bodily  frame  down  to  these  minute  details, 
and  it  practically  never  goes  wrong. 

Individual  Characters  the  Result  of  Inheritance. — But,  besides  the 
characters  which  distinguish  men  as  men,  and  the  men  of  one  race 
from  those  of  another,  we  know  that  men  are  distinguished  from 
each  other  individually.  When  we  consider  the  general  likeness  of 
the  men  of  one  race  to  each  other,  it  seems  marvellous  that,  among 
the  multitudes  with  whom  we  come  in  contact,  we  rarely  mistake 
one  for  another.  The  only  explanation  of  this  is  that  there  are  in- 
numerable shades  of  difference — in  colour  of  skin,  hair,  and  eyes  ;  in 
shape  of  nose,  mouth,  and  eyebrows — an  infinite  number  of  small 
peculiarities,  which  make  up  the  whole  portrait.  We  unconsciously 
blend  the  whole  of  them  in  our  mental  picture  of  the  individual,  and 
if  one  of  them  be  altered  we  at  once  recognize  that  our  portrait  is 
out  in  some  way,  and  has  to  be  readjusted,  as  when  we  change  the 
arrangement  or  length  of  the  hair  or  beard,  or  when  the  mouth  is 
altered  by  the  loss  of  teeth  or  the  addition  of  an  artificial  set.  This 
may  be  further  illustrated  by  the  well-known  fact  of  the  insufficiency 
of  photographs.  In  them  we  have  an  exact  picture  but  without  the 
colour,  and  the  absence  of  this  one  element  in  the  portrait  has  often 
the  effect  of  almost  destroying  the  likeness. 

B 
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It  need  hardly  be  said  that  most  of  these  fine  shades  of  difference 
between  man  and  man  are  due  to  inheritance.  The  ovum  enters  on 
its  career  with  these  already  inherent  in  it,  and  the  various  minute 
points  of  difference  are  but  repetitions  variously  compounded  of  points 
in  its  progenitors.  We  are  so  accustomed  to  look  for  resemblances 
between  children  and  parents  that  we  are  apt  to  forget  what  these 
imply.  It  is  a  particular  colour  of  the  iris,  a  special  tone  in  the 
voice,  a  trick  of  manner,  such  as  a  twitching  of  the  upper  eyelid,  or 
a  way  of  fidgeting  with  the  hand,  which  recalls  the  parent  or  grand- 
parent. These  minute  points  of  resemblance  become  the  more  re- 
markable when  we  remember  that  they  are  all  inherent  in  the 
fertilized  ovum.  Without  any  external  assistance  it  goes  on  modelling 
the  tissues  and  endowing  them  with  their'  functions  according  to  a 
prearranged  pattern,  and  this  power  continues  throughout  life  ;  so 
that  it  often  happens  that,  on  to  middle  life  or  old  age,  points  of 
resemblance  come  out  which  had  not  been  previously  visible.  Some- 
times a  child  will  resemble  one  parent  most  up  to  puberty,  and  will 
then,  in  undergoing  the  extraordinary  changes  of  that  period,  come 
to  resemble  the  other  more.  The  child  is  not  a  mere  reproduction 
of  its  parents,  but  it  is  as  if  the  mother  and  father  transmitted  to 
the  ovum  certain  forces  inherent  in  themselves  and  derived  from  their 
ancestors.  These  forces  will  be  variously  proportioned  in  each  case, 
and  the  product  will  be  a  very  complex  one.  It  is  quite  impossible 
to  tell  how,  in  any  particular  case,  these  forces  are  mingled,  but 
we  can  often  identify  the  individual  items  as  coming  from  this  or 
that  parent. 

A  highly  important  illustration  of  the  truth  of  what  has  been 
adduced  is  afforded  by  the  facts  connected  with  Twins.  We  have 
seen  that  each  ovum  which  leaves  the  ovary  and  becomes  fertilized 
is  thereby  endowed  with  the  forces  which  mould  it  into  the  future 
human  being.  These  forces  seem  variously  distributed  in  the  ova 
and  the  spermatozoa,  so  that  each  ovum  has  them  in  such  varying 
proportions  that  even  the  brothers  and  sisters  of  the  same  family 
are  often  very  different.  But  if  a  single  fertilized  ovum  produces 
two  embryoes,  then  we  might  expect  that  the  forces  inherent  in 
these  two  embryoes  would  be  much  more  nearly  alike  than  usual, 
and  that  in  consequence  the  two  individuals  would  resemble  each 
other  more  closely  than  is  usually  the  case.  And  so  it  is.  There 
are  two  kinds  of  twins.  In  the  one  the  individuals  are  derived  from 
separate  ova,  just  as  are  the  progeny  of  animals  which  bear  several 
young  at  the  same  time  ;  while  in  the  other  kind  there  is  only  one 
ovum,  which  probably  produces  the  twins  by  fission.    (See  further 
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on  p.  36.)  In  the  case  of  twins  derived  from  the  same  ovum  we 
may  look  for  close  resemblance,  and  they  will  always  be  of  the  same 
sex.  In  the  other  case,  where  they  are  derived  from  separate  ova, 
they  may  or  may  not  be  of  the  same  sex,  and  they  will  not  neces- 
sarily resemble  each  other  more  closely  than  the  ordinary  brothers 
and  sisters  of  a  family.  In  a  well-known  work  by  Francis  Galton 
we  have  a  collection  of  interesting  facts  in  illustration  of  the  life- 
history  of  twins.  He  gives  many  anecdotes  supplied  by  twins  as  to 
the  mistakes  made  on  account  of  close  likeness,  from  which  it  will 
be  gathered  that  the  "Comedy  of  Errors"  is  scarcely  a  burlesque. 
The  resemblance  in  many  cases  lasted  throughout  life,  and  extended 
to  the  smallest  matters,  even  of  feeling  and  thought,  and,  indeed,  to 
their  illnesses.  From  these  facts  we  have '  demonstrative  proof  that 
in  the  fertilized  ovum  we  have  already  inherent  virtually  all  the 
finer  details  of  structure  and  function,  although  many  of  these  only 
come  into  effect  in  after-life.  It  will  be  observed  that  the  sex  is 
determined  in  the  ovum. 

2.  Inheritance  of  Structural  and  Physiological  Abnormalities. — 
From  what  has  gone  before  we  have  seen  that  minute  differences  in 
local  structure  are  the  usual  subjects  of  inheritance.  Coming  to 
more  considerable  differences  in  structure,  such  as  constitute  more  or 
less  definite  divergences  from  the  normal,  it  is  not  surprising  to 
find  that  they  also  are  inherited. 

A  common  structural  peculiarity  is  webbing  of  the  fingers  or  toes, 
and  this  comparatively  slight  divergence  is  very  distinctly  matter 
of  inheritance.  The  author  knows  of  a  case  in  which  the  second  and 
third  toes  of  both  feet  are  imperfectly  separated,  so  that,  although 
the  bones  are  complete,  the  toes  are  united  nearly  to  their  tips  by 
webs  of  skin.  This  peculiarity  existed  in  a  man  who  transmitted 
it  to  a  son,  who  died  in  boyhood,  to  a  grandson,  the  child  of  one 
of  his  daughters,  and,  although  in  a  diminishing  degree,  to  several 
great-grandchildren.  Sedgwick,  in  his  very  elaborate  series  of  papers 
in  the  Medico-Chirurgical  Iieview  for  1861  and  1863,  adduces  many 
cases  of  inheritance  of  supernumerary  digits,  crooked  fingers,  cleft 
iris,  squinting,  etc.  He  gives,  for  instance,  a  case  in  which  a  super- 
numerary finger  was  attached  to  the  outer  side  of  the  first  phalanx 
of  the  little  finger.  The  deformity  had  occurred  for  five  generations, 
and  the  person  under  observation  was  the  fourth  child  of  a  family, 
all  of  whom  except  the  second  were  born  with  this  deformity. 

There  is  also  the  well-established  inheritance  of  Ichthyosis,  the 
most  striking  instance  of  which  is  that  shown  by  the  family  of 
Lamberts,  the  so-called  "  Porcupine  family,"  adduced  by  Darwin  in 
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his  "  Animals  and  Plants  under  Domestication."  In  the  original 
Lambert  the  skin  was  covered  by  warty  projections  which  were 
periodically  moulted.  He  had  six  sons  and  two  grandsons  similarly 
affected,  and  it  is  remarkable  that  the  inheritance  was  confined  to 
the  male  sex,  the  two  grandsons  having  seven  sisters  who  were  free 
from  the  malady.  A  still  more  striking  instance  of  the  inheritance 
of  ichthyosis  is  related  by  Sedgwick.  The  disease  was  observed  in  a 
boy  fourteen  years  of  age,  and  on  tracing  his  family  history  it  was 
found  that  he  derived  it  from  his  grandfather.  This  man  had  been 
affected  with  the  disease,  and  it  is  a  striking  example  of  atavism  or 
latency  in  one  generation  that  none  of  his  children  showed  the  disease, 
although  there  were  three  sons  and  three  daughters,  while  of  seven 
grandchildren  (five  males  and  two  females)  four  of  the  males  were 
affected  and  none  of  the  females.  The  affected  males  were  the  child- 
ren of  daughters  of  the  original  case. 

Haemophilia  or  hemorrhagic  diathesis  depends  on  an  unknown 
structural  peculiarity  either  in  the  blood  or  vessels,  by  virtue  of 
which  bleeding  readily  occurs,  and  when  it'  takes  place  is  stopped 
with  difficulty.  This  condition  is  in  the  highest  degree  inherited,  and 
it  is  so  in  the  peculiar  manner  illustrated  by  Sedgwick's  cases  of 
Ichthyosis  mentioned  above.  Many  cases  have  been  traced  in  their 
connections,  and  it  appears  that  it  is  never  directly  transmitted.  It 
occurs  almost  alone  m  the  male  sex,  and  a  person  affected  does  not 
transmit  it  to  his  own  sons  but  to  those  of  his  daughters.  It  always 
in  this  way  misses  a  generation,  and  appears  in  the  grandsons  of 
the  person  transmitting. 

Daltonism  or  Colour-blindness  is  also  demonstrably  inherited,  and 
it  is  usually  transmitted  in  the  same  peculiar  fashion  as  haemophilia. 
In  nine-tenths  of  the  cases  Daltonism  occurs  in  the  male  sex,  and  it 
is  usually  transmitted  to  the  grandsons  of  the  original  case  through 
his  daughters.    (Sedgwick,  Wickham  Legg.) 

Diabetes  insipidus  is  another  condition,  which  is  apparently  inherited 
in  a  remarkable  degree.  In  this  affection  the  person  drinks  exces- 
sively and  passes  a  large  excess  of  urine.  We  may  presumably  infer 
that  the  kidneys  are  unduly  large,  and  we  know  that  the  bladder 
is  unusually  capacious.  This  was  proved  in  a  case  recorded  by 
Dr.  Finlayson,  and  was  also  determined  by  Weil  in  the  cases  to  be 
presently  mentioned.  Gee  has  recorded  cases  showing  that  this  con- 
dition is  hereditary,  and  Weil  records  a  most  remarkable  instance  of 
its  inheritance.  Weil  met  with  a  case,  and  he  set  himself,  by  hunt- 
ing up  and  down  the  country,  to  find  all  about  the  relatives  of  his 
patient,  with  the  result  of  producing  a  most  elaborate  genealogical 
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histoiy  of  the  family.  He  traced  ninety  members  of  the  family 
extending  through  four  generations,  seventy  of  whom  were  living  at 
the  time  of  the  observation.  He  personally  investigated  most  of  these 
seventy  cases.  The  disease  was  traced  to  a  man  called  Johann  Peter 
Schwartz,  who  was  the  common  ancestor  of  the  family,  and  was 
born  in  the  year  1772.  His  descendants  were  five  children,  twenty- 
nine  grandchildren,  and  fifty-six  great-grandchildren,  in  all  ninety-one 
persons.  Of  these  no  less  than  twenty-three  were  certainly  diabetic, 
and  thirteen  doubtfully  so.  Omitting  the  doubtful  cases  altogether, 
there  remain  seventy-eight  persons,  of  whom  twenty-three  were 
affected,  or  thirty  per  cent.  According  to  Weil  this  condition  was 
perfectly  consistent  with  good  health.  They  were  evidently  prolific 
enough  and  generally  long  livers.  The  original  Schwartz  lived  to  be 
eighty-three,  and  of  his  three  daughters  one  died  at  seventy-four, 
and  the  other  two  were  still  alive  at  the  time  of  observation,  being 
respectively  seventy-six  and  sixty-seven  years  of  age. 

The  facts  hitherto  adduced  suffice  to  show  that,  in  accordance  with 
what  we  find  in  regard  to  normal  differences  in  structure,  abnormal 
peculiarities  in  structure  or  function  are  also  subject  to  inheritance. 
It  now  remains  to  show  on  a  similar  basis  of  fact  that  susceptibilities 
to  disease  are  also  matters  of  inheritance,  and  that  the  varying 
susceptibilities  of  different  persons  depend  on  peculiarities,  which 
cannot  be,  perhaps,  demonstrated  like  those  given  above,  but  which 
frequently  coexist  at  least  with  definite  peculiarities  of  structure. 

3.  Inheritance  of  Susceptibilities  or  Predispositions  to  Disease. — 
We  have  seen  that  certain  forms  of  disease  are  due  to  the  action  of 
infective  agents,  which,  obtaining  an  entrance  into  the  body,  multiply 
there  and  give  rise  to  certain  phenomena.  It  is  matter  of  frequent 
observation  that  different  persons  are  very  variously  susceptible  to 
diseases  of  this  class,  and  it  is  a  notable  fact  that  inheritance  plays 
an  important  part  in  determining  the  varying  degrees  of  susceptibility. 

Race  is  an  important  factor  in  determining  the  susceptibility  to  this 
class  of  diseases.  Amongst  the  diseases  due  to  pathogenic  microbes 
perhaps  the  most  wide-spread  in  the  animal  kingdom  is  anthrax, 
which  is  produced  by  the  bacillus  anthracis.  The  most  marked 
differences  are  observable  amongst  different  species  of  animals  to  the 
attacks  of  this  microbe,  from  immunity  in  the  frog  to  extreme  sus- 
ceptibility in  the  mouse  and  guinea-pig.  But  a  similar  difference 
exists  amongst  the  races  of  animals  belonging  to  the  same  species. 
Thus  white  rats  are  extraordinarily  insusceptible  as  compared  with 
common  rats.  A  similar  but  less  extreme  difference  is  noted  by 
Chauveau  in  the  susceptibility  of  sheep.    It  is  much  more  difficult  to 
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produce  anthrax  in  Algerian  sheep  than  in  ordinary  breeds,  a  larger 
dose  being  required.  The  racial  peculiarities  of  this  breed  determine 
a  striking  difference  in  susceptibility.  Pasteur  found  a  similar  differ- 
ence in  relation  to  the  poison  of  chicken  cholera  amongst  the  different 
breeds  of  fowls.  Ordinary  fowls  are  highly  susceptible,  but  those  of 
the  Cochin  China  breed  are  hardly  at  all  so. 

In  man  similar  racial  differences  of  susceptibility  are  observable. 
In  a  certain  sense  the  "  plague  of  lice  "  is  a  serious  disease,  and  it 
is  highly  infectious.  According  to  Murray  (quoted  by  Darwin)  the 
different  races  of  men  present  great  differences  in  the  species  of 
pediculi  which  infest  them,  and  when  the  parasites  habitual  to  one 
race  stray  on  to  the  bodies  of  persons  of  a  different  one  they  generally 
survive  only  a  few  days.  A  structural  or  physiological  peculiarity 
of  the  skin  connected  with  the  differences  of  race  determines  the 
susceptibility  to  the  attacks  of  the  parasite. 

Race  has  much  to  do  with  the  susceptibility  to  Yellow  fever. 
There  is  abundant  evidence  that  negroes  are  almost  entirely  in- 
susceptible to  this  disease,  which  is  so  virulent  in  white  men.  The 
immunity  of  the  negro  is  not  due  to  his  having  lived  for  generations 
in  countries  where  yellow  fever  prevails,  because  it  is  manifest  when 
negroes  are  brought  from  parts  of  Africa  where  yellow  fever  is 
unknown.  The  absence  of  susceptibility  extends  to  persons  partly 
of  negro  descent,  generally  in  proportion  to  the  amount  of  the 
negro  in  their  constitution.  Negroes  seem  also  to  have  considerably 
less  susceptibility  to  Malarial  fevers  than  the  white  races. 

On  the  other  hand,  negroes  are  more  susceptible  to  Small-pox 
than  Europeans,  and  it  generally  attacks  them  in  a  more  virulent 
form.    They  are  also  more  susceptible  to  Cholera. 

We  may  infer,  therefore,  that  along  with  differences  of  race  there 
go  peculiarities  of  structure  and  function  which  determine  differences 
of  susceptibility. 

Family  peculiarities  are  of  the  same  nature  as  those  of  races,  the 
latter  being,  probably,  in  their  origin  derived  from  the  former. 
There  are  great  and  manifest  differences  among  families  in  suscepti- 
bility to  infective  agents.  There  are  many  facts  in  existence  which 
show  that  scarlet  fever  and  diphtheria  are  special  scourges  in  particular 
families.  Again,  tuberculosis  of  the  lungs  is  acknowledged  by  almost 
all  authorities  to  prevail  in  families,  so  much  so  that  authors  use  the 
expression  "family  phthisis."  It  is  difficult  in  the  case  of  families  to 
trace  these  susceptibilities  through  a  sufficient  number  of  generations, 
but  such  facts  as  those  just  indicated  show  that  the  peculiarities  of 
structure  which  make  family  and  individual  distinctions  are  cor- 
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related  to  differences  in  susceptibility  to  the  class  of  diseases  under 
consideration. 

4.  The  Constitution  of  the  body  the  result  of  Inheritance. — If 

we  define  the  Constitution  as  the  inherent  structure  and  powers  of 
the  organism,  then  we  shall  recognize  that  the  constitution  of  the 
individual  is  made  up  of  an  immense  number  of  particulars  of  structure 
and  function,  each  of  which  has  been  transmitted  from  a  parent  or 
ancestor.  These  particulars  include  susceptibilities  to  disease,  so 
that  we  speak  of  constitutional  susceptibility.  As  we  have  seen, 
each  of  these  constitutional  peculiarities  is  inherent  in  the  fertilized 
ovum  when  it  enters  on  its  career  of  development. 

It  is  proper  here  to  notice  that  Constitutional  Disease  is  to  be  carefully  dis- 
tinguished from  constitutional  susceptibility.  The  former  implies  some  serious 
disorder  which  has  involved  the  bodily  structures  and  powers  as  a  whole,  such 
as  syphilis,  gout,  and  in  some  cases,  cancer.  From  this  circumstance  it  is  often 
inferred  that  there  is  a  contradistinction  between  constitutional  and  local,  whereas 
really  the  constitution  is  made  up  of  local  peculiarities,  and  constitutional 
susceptibility  is  mostly  local  in  its  nature. 

Besides  the  constitution  of  the  body  as  a  whole  we  are  able  to 
speak  of  the  constitution  of  the  various  organs  and  tissues  of  the 
body,  and  this  is  manifested  in  variations  of  susceptibility  to  disease. 
This  may  be  illustrated  by  contrasting  the  susceptibility  of  the  lungs 
and  liver  respectively  to  certain  forms  of  disease.  Cancer  is  a  disease 
characterized  by  an  excessive  multiplication  of  epithelial  cells,  and 
it  frequently  happens  that  the  original  tumour  sends  out  offsets, 
presumably  in  the  form  of  cells,  into  structures  at  a  distance,  these 
being  in  some  cases  carried  by  the  blood.  When  implanted  in  the 
liver  these  offsets  usually  grow  luxuriantly,  so  that  there  may 
ultimately  be  much  more  cancerous  than  liver  tissue.  On  the  other 
hand,  the  same  offsets  planted  in  the  lungs  will  grow  very  little. 
There  is  often  abundant  microscopic  evidence  of  their  implantation, 
but  no  proper  tumours.  The  lungs  and  liver  are  contrasted  in  an 
opposite  sense  in  the  case  of  general  tuberculosis.  In  this  disease 
the  specific  microbe  is  present  in  the  blood,  and  is  planted  through- 
out the  organs  and  tissues.  In  the  liver  it  is  caught  more  frequently 
than  probably  in  any  other  organ,  but  it  produces  only  microscopic 
lesions.  These  lesions  are  in  immense  numbers,  but  they  are  rarely 
visible  to  the  naked  eye,  and  do  not  appear  to  disturb  the  liver 
much ;  the  microbe  is  in  an  uncongenial  situation.  In  the  lungs, 
on  the  other  hand,  each  implantation  leads  to  a  marked  lesion  of 
some  size,  and  showing  evidences  of  much  disturbance  of  the  tissue. 
The  syphilitic  poison  presents  characteristics  different  from  that  of 
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tuberculosis  and  similar  to  that  of  cancer.  The  liver  is  frequently 
affected,  the  lungs  very  rarely. 

These  illustrations  might  be  multiplied  in  regard  to  other  organs 
and  tissues.  That  these  differences  in  susceptibility  are  the  result 
of  inheritance  is  shown  by  the  fact  that  they  are  not  identical  in 
the  different  species  of  animals.  Thus,  in  the  guinea-pig  and  in  the 
ox,  the  microbe  of  tubercle  when  implanted  in  the  liver  produces 
obvious  and  considerable  lesions  similar  to  those  in  the  lungs. 

5.  Theories  of  Inheritance. — The  facts  to  be  accounted  for  in  any  theory  of 
inheritance  are  that  the  fertilized  ovum  at  the  outset  of  its  career  bears  in 
itself  the  various  particulars  of  the  future  individual  down  to  the  finest  details 
of  local  structure.  It  has  an  image,  or  plan,  or  model  which  it  follows.  It 
seems  probable  that  this  plan  is  embodied  in  material  vital  particles  contained 
in  the  germinal  vesicle.  Such  vital  units  of  excessively  minute  size  have  been 
supposed  to  exist  by  Herbert  Spencer,  who  called  them  '  physiological  units ' ; 
by  Charles  Darwin,  who  called  them  '  gemmules '  ;  and  by  Francis  Galton.  But 
the  theory  of  heredity  has  been  very  fully  worked  out  by  Weismann,  who  has 
with  much  industry  given  it  a  consistent  expression.  His  view  is  that  the  nucleus 
of  the  germ-cell  contains  in  it  vital  units  or  '  biophors  '  which  are  destined  to 
determine  the  evolution  of  the  individual  in  all  details  of  structure.  This  theory 
must  be  meanwhile  regarded  as  sub  judice,  but  it  implies  what  appears  to  be  a 
necessary  condition  of  such  a  theory,  that  the  various  items  of  the  constitution 
in  being  transmitted  are  represented  by  actual  particles,  and  it  contains  a  possible 
suggestion  as  to  the  manner  and  place  of  the  aggregation  of  these  vital  particles. 
(See  Weismann's  Germ  Plasm  ;  a  Theory  of  Heredity,  1893.) 

III.— INFLUENCE  OF  AGE  AND  SEX  IN  THE  CAUSATION  OF  DISEASE. 

It  will  be  understood  from  what  has  gone  before  that  age  and  sex 
will  affect  the  causation  of  disease  only  by  increasing  or  diminishing 
the  susceptibility  to  certain  diseases. 

1.  Influence  of  Age. — The  first  weeks  and  months  of  life  are  the 
most  fatal,  so  much  so  that  about  a  fourth  of  the  children  born  die 
within  the  first  year,  while  in  many  towns  more  than  half  the  deaths 
are  of  children  under  a  year  old.  There  are  various  explanations  of 
this,  perhaps  the  chief  being  that  the  helpless  infant  can  scarcely  let  its 
wants  be  known,  and,  being  dependent  on  the  care  of  others,  is  more 
susceptible  to  all  sorts  of  accidental  external  influences.  Hence  it  is 
that  the  children  of  the  well-to-do  are  much  less  affected  by  disease 
than  those  of  poorer  parents,  while  illegitimate  children  who  receive 
least  care  are  much  more  liable  to  disease  and  death  than  those 
born  in  wedlock.  Besides  this,  however,  there  are  other  explana- 
tions. The  child,  emerging  from  the  protection  and  warmth  of  the 
uterus,  undergoes  a  sudden  transformation  in  its  circulation  and 
nutrition,  and  at  the  same  time  has  to  cope  with  physical  conditions, 
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chiefly  mechanical  and  thermal,  which  are  new  to  it.  The  first  days 
and  weeks  of  life  are  therefore  the  most  trying  to  the  child.  In  the 
child,  again,  the  tissues  are  growing,  and  have  the  double  duty  of 
nutrition  and  growth  thrown  upon  them.  They  are  therefore  more 
liable  to  derangement  than  those  of  adults,  although  they  possess 
greater  powers  of  restoration  when  damage  is  done.  The  smaller  bulk 
of  the  child's  body,  also,  renders  it  more  susceptible  to  changes  of 
temperature,  so  that  cold  will  penetrate  more  deeply  into  its  tissues 
than  into  those  of  adults,  a  fact  which  is  not  always  remembered  in  the 
clothing  of  children.  Besides  all  this  the  bodies  of  children  present, 
as  it  were,  a  virgin  soil  for  the  propagation  of  the  various  infective 
agents.  The  children  of  the  poor  can  scarcely  escape  exposure  to  the 
ordinary  infectious  diseases,  and  their  bodies  are  apparently  very 
susceptible  to  these  influences.  A  striking  illustration  of  this  state- 
ment lies  in  the  fact  that,  in  Glasgow,  whooping-cough  is  the  cause 
of  more  deaths  in  children  than  any  other  communicable  disease 
(Russell).  Tuberculosis,  also,  is  exceedingly  prevalent  in  children, 
and  is  much  more  liable  to  extend  beyond  its  primary  local  seat  than 
in  adults ;  as  if  the  tissues  of  children  afforded  a  better  nidus  for  the 
infective  agent. 

The  greatest  liability  to  disease  is  in  the  first  year  of  life,  and  it 
diminishes  from  the  first  year  to  the  eighth.  From  the  eighth  till  the 
eighteenth  year  the  liability  to  disease  increases,  but  diminishes  after 
the  latter  age,  reaching  a  minimum  between  twenty  four  and  thirty,  to 
increase  from  that  point  onwards.  The  mortality  by  no  means  follows 
the  liability  to  disease.  It  is,  indeed,  greatest  in  the  first  year,  dimin- 
ishing from  that  period  onwards.  The  diminution,  however,  does  not 
cease  at  the  eighth  year,  but  goes  on  till  adult  life,  the  minimum  being 
between  the  ages  of  twenty  and  forty-five.  After  the  latter  age  the 
death-rate  rises  regularly  but  slowly. 

The  increase  of  disease  from  the  eighth  to  the  eighteenth  years  is 
related  to  the  fact  that  these  are,  in  general,  the  years  of  school-life 
and  include  the  time  of  puberty.  School,  by  exposure  in  going  and 
coming,  and  sometimes  by  too  prolonged  confinement,  not  only  renders 
the  body  less  resistant,  but  also  exposes  children  to  infection.  The 
period  of  puberty,  involving  serious  changes  in  the  bodily  functions,  is 
liable  to  induce  a  general  weakness  of  the  body,  and  also  exposes 
females  to  the  special  affections  of  menstruation. 

In  advanced  life,  the  body  is  liable  to  diseases  which  imply  decadence 
or  senility  of  the  tissues.  The  bones  are  more  brittle  by  reason  of 
a  diminution  in  their  animal  constituents,  and  hence  are  liable  to 
give  way  under  a  less  severe  mechanical  strain  than  are  ordinary 
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bones.  The  blood-vessels  are  more  subject  to  senile  changes  affecting 
their  liability  to  disease  than  any  other  tissues,  and  age  is  more  potent 
in  the  causation  of  these  diseases  than  any  other  factor.  Affections  of 
the  brain  are  frequent  in  old  persons,  but  nearly  all  of  these  depend 
on  the  condition  of  the  blood-vessels,  and  are  not  primarily  diseases 
of  the  brain.  Cancer  is  very  specially  a  disease  of  middle  and 
advanced  life,  but  not  of  old  age.  It  is  characterized  by  an  excessive 
growth  of  the  epithelial  tissues,  and  it  is  difficult  to  explain  how  this 
should  occur  preponderatingly  at  an  age  beyond  that  of  greatest 
vigour,  unless  on  the  assumption  that,  so  long  as  the  surrounding 
tissues  remain  vigorous,  they  restrain  any  tendency  in  the  epithelial 
tissues  to  grow  to  excess. 

2.  Influence  of  Sex. — Diseases  of  the  generative  organs  are  of  course 
distinctive  in  the  two  sexes.  The  tissues  of  the  male  being,  as  a  rule, 
larger  and  firmer,  they  might  be  expected  to  offer  more  resistance 
to  the  external  forces,  but  this  is  very  doubtfully  the  case,  and  at 
nearly  all  periods  of  life  the  female  is  less  susceptible  to  disease  than 
the  male.  It  is  a  remarkable  fact  that,  apparently  in  all  lands,  there 
are  more  male  than  female  children  born  (in  the  proportion  of  103  105 
boys  to  100  girls).  But  this  disproportion  begins  to  be  reduced  at  the 
very  point  of  birth,  by  the  fact  that  more  males  are  still-born  than 
females  (in  the  proportion  of  14  :  10).  This  is  apparently  due  to  the 
fact  that  male  children  are  on  the  average  more  bulky — especially 
have  larger  heads,  than  females,  and  are  therefore  more  exposed  to 
the  accidents  of  parturition.  Even  after  birth  the  females  show  less 
liability  to  disease,  so  that  by  the  end  of  the  first  year  the  sexes  are 
already  equal  in  numbers.  Throughout  the  remaining  years  of  life 
the  females  are,  at  all  ages,  usually  in  the  majority.  Even  the  dangers 
of  childbearing  do  not  reverse  the  balance,  as  the  risks  are  counter- 
balanced by  the  greater  exposure  of  men  during  the  corresponding 
years  of  life,  to  accident  and  injury  in  the  pursuance  of  their 
occupations. 

TERMINATIONS  OF  DISEASE. 

The  termination  of  disease  is  in  recovery  or  death.  The  recovery 
may  be  much  prolonged  and  only  partial,  or  death  may  ensue  only 
after  a  long  struggle. 

1.  Recovery  from  disease. — It  has  been  indicated  above  that 
disease  is  due  to  an  interference  from  without  with  the  normal 
physiological  processes,  or  to  an  abnormal  construction  of  or  tend- 
ency in  the  living  tissues.  The  existence  of  such  interference  or 
tendency  does  not  abolish  the  normal  functions,  but  rather,  in  many 
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cases,  stimulates  them  to  increased  activity.  The  healthy  tissues  are 
continually  engaged  in  dealing  with  external  forces,  and  are  gener- 
ally successful  in  so  doing ;  and  in  cases  where  the  external  forces 
have  for  the  moment  obtained  the  supremacy,  the  tissues  are 
frequently  stimulated  to  exceptional  vigour,  so  as  to  overcome  the 
interfering  agent.  As  already  indicated,  many  of  the  phenomena  of 
disease  are  really  due  to  the  reaction  of  the  tissues  against  the 
agent  producing  the  disease.  There  is  therefore  on  the  part  of 
nature  an  attempt  to  get  rid  of  the  disease,  a  natural  tendenc}T 
towards  recovery.  This  tendency  is  expressed  in  the  aphorism  vis 
medicatrix  naturae,  which  implies  that  the  living  structures  are 
endowed  with  a  power  of  overcoming  disease. 

It  will  follow  from  this  that  recovery  is  more  apt  to  occur  when 
the  disease  is  due  to  the  direct  action  of  the  external  forces.  In 
all  morbid  conditions  due  to  the  physical  forces,  such  as  wounds, 
fractures,  burns,  etc.,  the  tissues  at  once  set  to  work  to  repair  the 
injury,  and  in  most  cases  with  considerable  success.  In  the  treat- 
ment of  such  diseases  the  endeavour  is  made  to  place  the  parts 
under  as  favourable  circumstances  as  possible  for  nature  to  do  its 
part.  In  the  case  of  diseases  due  to  infective  agents,  again,  we  see 
usually  an  effort  on  the  part  of  nature  to  overcome  the  morbid 
agent.  According  to  one  theory  the  elevation  of  temperature,  which 
is  characteristic  of  fever,  is  a  means  of  destroying  the  morbific 
agent,  and  at  any  rate,  in  most  cases,  the  normal  forces  after  a  time 
reassert  themselves,  and  the  patient  recovers.  In  some  cases,  on  the 
other  hand,  the  disease  keeps  on  advancing  with  very  little  check 
on  the  part  of  the  tissues.  It  will  be  found  that  when  this  is  the 
case  there  has  generally  existed  a  special  susceptibility  to  the 
disease,  and  that  the  attack  of  the  morbific  agent  has,  as  it  were, 
been  invited  by  the  special  condition  of  the  person.  If,  after  the 
morbid  process  has  been  established,  the  susceptibility  remains,  the 
disease  is  likely  to  remain  and  extend.  In  tuberculosis  this  seems 
peculiarly  the  case,  and  it  is  only  by  profoundly  altering  the  condi 
tions  of  life  that  we  are  able,  as  a  general  rule,  to  bring  about  an 
arrest  of  the  process,  without  the  actual  removal  of  the  morbific 
agent.  It  may,  perhaps,  be  hoped  that  in  the  case  of  infective 
diseases;  medicinal  agents  may  be  discovered  which  will  directly 
attack  the  morbific  agent,  but  except  in  the  case  of  syphilis  and 
malarial  fevers,  such  a  discovery  has  not  yet  been  made. 

The  tendency  to  recovery  is  much  less  in  diseases  due  to  causes 
in  the  tissues  themselves.  Malformations  may  be  partially  rectified 
during  the  processes  of  development  and  growth,  but  recovery  will 
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rarely  be  complete.  Tumours  generally  continue  their  growth  without 
reference  to  the  activities  of  the  tissues.  The  diseases  due  to  decad- 
ence of  the  tissues  are  seldom  the  subjects  of  spontaneous  recovery. 

2.  Death. — This  is  the  unfortunate  termination  of  many  diseases, 
but  the  tendency  to  death  is  frequently  more  an  accidental  circum- 
stance than  a  necessary  part  of  the  phenomena  of  the  disease. 

Life  may  persist  along  with  the  abolition  of  many  of  the  functions 
of  the  body.  If  the  respiration  and  circulation  persist,  the  remaining 
functions,  even  those  of  the  brain,  may  be  in  abeyance  and  yet  the 
person  may  survive.  If  we  look  at  the  actual  process  of  dying  we 
shall  find  that  in  most  cases  the  heart  or  the  respiratory  movements 
first  give  way,  although  in  some  instances  it  may  be  difficult  to 
determine  which  has  first  ceased.  According  to  Bichat  there  are 
three  modes  of  death,  namely,  by  the  brain,  by  the  lungs,  and  by 
the  heart,  but  from  what  has  been  noted  above  it  is  clear  that  these 
may  be  included  in  the  two  mentioned. 

Death  by  the  lungs  is  due  to  failure  in  the  respiratory  move- 
ments. This  may  occur  suddenly  by  paralysis  of  the  respiratory  centre 
in  the  medulla  oblongata,  as  in  hemorrhages  in  the  brain,  but  for 
the  most  part  it  occurs  gradually  from  exhaustion  of  the  respiratory 
centre,  and  is  then  called  death  by  Asphyxia.  Such  exhaustion  will 
ensue  when,  from  obstruction  of  the  air  passages  or  vitiation  of  the  air, 
the  respiration  has  been  for  a  time  carried  on  with  great  difficulty. 

Death  by  failure  of  the  heart's  action  is  probably  a  more  frequent 
mode  of  death.  It  may  be  the  result  of  irritation  of  the  vagus  centre 
in  the  medulla  oblongata  from  injury  to  the  brain,  though  in  this 
case  the  failure  of  the  heart  may  be  simultaneous  with  cessation  of 
respiration.  This  form  of  paralysis  of  the  heart,  however,  is  of  rare 
occurrence.  Again,  a  sudden  reflex  paralysis  of  the  heart  from  shock 
may  occur.  There  may  also  be  death  from  failure  of  the  heart  due 
to  disease  in  the  organ  itself,  and  here  also  the  death  is  very  often 
sudden.  A  frequent  cause  of  sudden  death,  for  instance,  is  obstruc- 
tion of  a  branch  of  the  coronary  artery.  This  may  lead  to  such 
derangement  of  the  nutrition  of  the  heart's  muscle  as  to  cause  par- 
alysis and  cessation  of  its  contractions. 

But  cessation  of  the  heart's  action  is  often  the  mode  of  death 
when  the  seat  of  disease  is  distant  from  that  organ  or  its  nervous 
apparatus.  In  that  case  the  heart  is  affected  secondarily.  It  is 
weakened,  it  may  be,  by  the  condition  of  the  blood  being  altered,  so 
that  the  requisite  amount  of  nutriment  is  no  longer  afforded  to  the 
heart ;  or  it  may  be  injured  by  the  blood  being  increased  in 
temperature  or  contaminated  by  abnormal  products.    In  these  cases 
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the  heart  partakes  in  the  general  weakening  of  the  body,  and 
gradually  ceases  to  contract. 

Failure  of  the  heart  has  an  immediate  effect  on  the  circulation  in 
the  lungs,  and  we  shall  see  afterwards  that  oedema  of  the  lungs, 
which  is  characterized  by  exudation  of  fluid  into  the  lung  alveoli, 
is  one  of  the  most  constant  effects  of  this  condition.  The  laboured 
breathing  and  rattle  in  the  throat,  which  are  so  frequent  in  the 
last  stages  of  disease,  are  the  usual  signs  of  oedema  of  the  lungs, 
so  that  although  these  signs  call  attention  to  the  respiratory  organs, 
the  real  primary  failure  may  be  in  the  heart. 

It  will  be  seen  that  the  proclivity  to  death  in  the  various  forms 
of  disease  will  depend  on  the  degree  to  which  the  disease  affects 
the  respiration  or  the  heart's  action,  but  more  particularly  the  latter. 
In  this  view  of  it  the  actual  question  of  death  or  survival  will 
frequently  depend  on  the  staying  power  of  the  heart.  The  ability 
of  the  heart  to  continue  its  contractions  during  the  most  severe 
period  of  an  illness  will  frequently  determine  whether  the  person  is 
to  die  or  recover.  This  is  an  important  point  to  keep  in  mind  in 
actual  practice.  There  are  great  differences  in  the  staying  power  of 
the  heart  in  different  persons,  and  so  there  are  great  differences  in 
the  fatality  of  the  same  diseases.  The  ability  of  the  heart,  like 
other  local  conditions,  is  largely  determined  by  inheritance.  It  is 
probably  one  of  the  main  factors  in  determining  the  duration  of  life. 
Longevity  depends  probably  more  on  the  character  of  the  heart 
than  on  any  other  single  factor. 

Literature. — John  Hunter,  Lect.  on  Principles  of  Surgery,  in  vol.  i.  of 
Works  edited  by  Palmer,  1835;  Uhle  und  Wagner,  Allg.  Path.,  5th  ed.  1872. 
Inheritance  and  Constitution. — Coats,  in  Lancet,  Jan.  7,  14,  and  21,  1888, 
Brit.  Med.  Jour.,  1889,  ii.,  409;  Galton,  Inquiries  into  Human  Faculty,  1883; 
Kleinwachter,  Die  Lehre  von  d.  Zwillingen ;  Sedgwick,  Med.  Chir.  Keview,  1861 
and  1863;  Wickham  Legg,  St.  Barth.  Hosp.  Kep.,  1881;  Finlayson,  Glasg.  Med. 
Jour.,  July,  1882,  and  Jan.,  1881;  Gee,  St.  Barth.  Hosp.  Kep.,  1877;  Weil, 
Virchow's  Arch.,  vol.  xcv.,  1884,  p.  70 ;  Koch,  Traumatic  Infective  Diseases, 
Syd.  Soc,  1880;  Chauveau,  Comptes  Bendus,  1880;  Pasteur,  Sur  la  cholera 
des  poules,  Comptes  Bendus,  1880;  Darwin,  Descent  of  Man,  2nd  ed.,  1874, 
p.  169 ;  Spencer,  Principles  of  Biology,  1864-7 ;  Darwin,  Variation  of  Plants  and 
Animals,  1868;  Francis  Galton,  Journ.  of  Anthropological  Institute,  1875; 
Weismann,  Germ-plasm,  1893.  Age  and  Sex.— See  especially  Quetelet,  various 
works  on  physical  conditions  and  causes  of  death,  with  statistics ;  Humphrey, 
Keports  and  Articles  on  Diseases  of  Old  Persons,  in  Brit.  Med.  Jour.,  Dec.  11, 
1886  (Table  of  Centenarians),  March  5,  July  30,  1887,  March  10,  1888; 
Russell,  Proceedings,  Phil.  Soc.  Glasg.,  xix.,  1888;  Charcot,  Clin.  Lect.  on 
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Hilton  Fagge,  Practice  of  Medicine,  1886,  vol.  i.,  7. 
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GENERAL  MALFORMATIONS.  MONSTROSITIES. 


Introduction. — Definition  of  terms  and  grouping.  Causation  of  monstrosities. 
Nomenclature.  I.  Monstrosities  toy  excess,  in  size  or  number.  A.  By  excess 
in  size,  giants,  local  hypertrophies.  B.  By  excess  in  number — Fission  of 
embryo.  i.  Complete  fission,  twins,  with  subsequent  partial  union  (1)  of 
xiphoid,  (2)  of  thorax,  (3)  of  thorax  and  head,  (4)  of  head,  (5)  of  pelvis,  n. 
Atocaudal  fission  :  (1)  head  single,  and  bodies  equal  ;  (2)  head  single,  one  body 
undeveloped  and  parasitic  ;  (3)  fission  of  pelvis  and  legs  ;  (4)  congenital  sacral 
teratoma,  ill.  Atocranial  fission  :  (1)  partial  fission  of  head — double-face  ;  (2) 
complete  division  of  head — double-head  ;  (3)  one  division  undeveloped  and 
parasitic  ;  (4)  supernumerary  arms.  iv.  Fission  both  abcaudal  and  abcranial. 
v.  Double  fission,  triple  monsters,  vi.  Reduplication  of  parts.  IT.  Monstro- 
sities toy  defect  in  size  or  formation.  A.  Defect  in  size — Dwarfs.  B.  Defects 
in  formation  arising  (1)  from  dropsy  of  the  cerebro-spinal  canal;  (2)  from 
influence  of  amnion,  i.  Defects  involving-  the  head  and  spinal  column  :  (1) 
Brain  absent,  Anencephalus  ;  (2)  brain  displaced — Encephalocele,  Hernia 
cerebri  ;  (3)  brain  defective — Cyclopia  ;  (4)  jaw  defective — Agnathia  ;  (5) 
vertebral  canal  and  cord  imperfect — Spina  bifida,  n.  Defective  closure  of 
parts  in  front :  (I)  facial  clefts  ;  (2)  congenital  fistula  of  neck  ;  (3)  defective 
closure  of  thorax  ;  (4)  of  abdomen,  in.  Defect  of  orifices  and  canals,  iv. 
Absence  or  defect  of  extremities.  III.  Atoerrant  monstrosities,  chiefly  trans- 
position of  viscera. 


rflHE  conditions  to  be  considered  here-  are  all  referable  to  errors 


^~  in  the  development  of  the  embryo.  '  They  are  to  be  traced  to 
causes  acting  on  the  embryo  and  causing  it  to  deviate  in  its  formation 
either  as  a  whole  or  in  part  from  the  normal.  Malformations  may 
consist  merely  in  slight  local  deviations  from  the  regular  type,  as 
where  a  muscle  or  a  blood-vessel  has  abnormal  relations,  in  which  case 
the  term  Anomaly  is  frequently  used.  On  the  other  hand,  they  may 
affect  the  body  as  a  whole  and  may  be  such  as  to  produce  the  most 
serious  deformities,  many  of  them  quite  incompatible  with  life.  In 


INTRODUCTION. 


CLASSIFICATION  OF  MONSTROSITIES. 


31 


that  case  the  term  Monstrosity  is  frequently  used. 1  It  is  with  these 
latter  that  we  are  here  chiefly  concerned.  The  malformations  of 
individual  organs  will  be  referred  to  in  their  places,  but  in  this 
general  section  we  have  chiefly  to  consider  those  which  affect  the  body 
as  a  whole  or  the  more  important  parts  of  it.  The  science  of  mon- 
strosities or  Teratology  is  a  very  wide  one  :  it  will  only  be  possible 
here  to  give  a  general  outline  of  it. 

The  congenital  malformations  form  only  a  part  of  the  congenital 
diseases  (see  p.  14).  In  some  of  the  latter  we  have  simply  the 
ordinary  pathological  changes  such  as  are  met  with  in  extra-uterine 
life,  but  they  have  happened  to  occur  in  the  foetus.  In  the  case  of 
malformations,  on  the  other  hand,  the  structure  of  the  tissues  in 
themselves  is  normal,  but  there  is  an  erroneous  arrangement  o wing- 
to  some  interference  occurring  during  the  period  of  development. 

The  malformations  are  divisible  into  three  great  groups.  These 
are  malformations  by  excess,  by  defect,  and  by  peculiarity  of  form. 

Malformations  by  excess  are  divisible  according  as  the  size  or  the 
number  of  parts  is  in  excess.  There  may  be  an  excessive  size  of  the 
whole  body  or  of  some  of  its  parts,  but  such  gigantic  formation  is  un- 
common. Much  more  common  is  numerical  excess,  consisting  in  a 
doubling  or  even  in  a  trebling  of  the  bodv  as  a  whole  or  of  its  parts. 
A  large  group  of  malformations  is  included  under  the  name  of 
double  monsters,  in  which  a  considerable  portion  of  the  body  is 
doubled,  or  there  are  two  complete  bodies  joined  together.  Malfor- 
mations by  defect  occur  either  in  the  form  of  actual  deficiency  or 
smallness  of  parts,  or  result  from  hindered  or  checked  development. 
In  the  latter  case  the  parts  may  be  of  full  size,  but  they  represent 
some  period  of  embryonic  life  and  not  that  of  full  development ; 
thus,  structures  which  are  formed  separately  in  the  embryo  in  order 
afterwards  to  unite  and  form  single  structures  may  fail  to  do  so,  and 
clefts  or  fissures  may  be  the  result.  Malformations  by  peculiarity 
of  form,  or  Aberrant  malformations,  are  local  anomalies  in  which  with- 
out any  actual  defect  the  development  has  taken  a  different  course 
from  the  normal,  structures  which  usually  atrophy  as  development 
proceeds  perhaps  continuing  to  grow,  while  those  which  usually  develop 
completely  are  atrophied.  Many  malformations  of  the  heart  and 
vessels  and  of  the  generative  organs  belong  to  this  class,  which  also 

1  A  monstrosity  is  "a  collection  of  anomalies  which  are  very  complex,  very  grave, 
rendering  impossible  or  difficult  the  performance  of  certain  functions,  and  pro- 
ducing in  the  individuals  so  affected  a  vicious  conformation  very  different  from 
that  which  their  species  usually  presents." — Geoffrey  Saint-Hilaire,  Traite  de 
Teratolorjie,  I. 
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includes  many  local  anomalies.  These  latter  do  not  fall  to  be  described 
in  this  section. 

Causation  of  Malformations. — As  the  malformations  take  origin 
in  the  embryo  at  comparatively  early  stages  of  its  development, 
it  must  be  generally  difficult  to  trace  the  exact  nature  of  the  cause, 
but  there  are  at  least  some  indications  of  the  kinds  of  causative 
agents. 

In  the  case  of  the  malformations  by  excess  we  must  suppose  an 
excessive  stimulation  of  the  embryo  at  an  early  period  of  develop- 
ment, but  the  nature  of  the  stimulation  is  difficult  to  determine.  It 
may  here  be  pointed  out,  that  in  certain  of  the  lower  animals  which 
are  capable  of  restoring  lost  parts  there  is  sometimes  a  reduplication 
of  the  parts  reproduced.  Thus  in  the  case  of  the  lizard,  when  the 
tail  is  broken  off,  there  may  be  two  or  three  tails  instead  of  one  repro- 
duced. In  the  salamander  also,  when  the  foot  or  hand  is  amputated 
or  divided  longitudinally,  there  may  be  a  new  formation  of  one  or 
more  supernumerary  fingers.  In  these  cases  the  stimulation  of  the 
wound,  in  which  the  germinal  tissue  is  forming  a  new  member,  results 
in  the  reduplication  of  the  member.  In  a  similar  fashion  the  over- 
stimulation of  thq  embryo  may  induce  a  reduplication,  which  will 
affect  the  whole  body  or  parts  of  it,  according  to  the  period  and  locality 
of  its  application.  The  stimulus  may  in  some  cases  be  related  to 
the  activity  of  the  ovum  and  spermatozoa  respectively,  but  there  is 
reason  to  believe  that  external  stimulation  may  in  some  cases  have 
important  influences.  Thus  Gerlach  asserts  that  by  varnishing  an 
egg  so  as  to  leave  only  a  certain  selected  part  free  for  the  penetration 
of  air  he  succeeded  in  certain  cases  in  producing  a  doubling  of  the 
anterior  extremity  of  the  chick.  Panum,  Dareste,  and  others  have 
also  produced  malformations  by  varnishing,  by  variations  of  tempera- 
ture, and  by  placing  the  eggs  vertically. 

In  malformations  by  defect,  it  may  be  that  deficiency  in  the  ordinary 
stimulus  inherent  in  the  ovum  takes  part  in  the  production  of  some 
forms,  but  many  of  them  can  be  traced  to  disease  of  the  embryo  or 
its  coverings.  Thus  important  malformations  result  from  accumula- 
tions of  fluid  or  dropsies  in  the  cavities  of  the  embryo,  more  especi- 
ally the  cerebro- spinal  canal.  These  lead  to  defects  and  other  changes 
in  the  central  nervous  system  and  its  bony  case.  Abnormal  adhesions, 
usually  resulting  from  inflammations,  also  produce  malformations, 
partly  by  holding  back  the  expanding  structures,  partly  by  causing 
obstruction  of  orifices  and  otherwise.  There  are  also  strangulations 
and  even  amputations  of  parts,  by  the  umbilical  cord  or  by  threads 
accidentally  formed.     In  these  various  forms  of  disease  the  starting 
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point  may  be  injuries  to  the  foetus,  sometimes  from  blows  on  the 
uterus  or  violent  movements  on  the  part  of  the  mother. 

Inheritance  has  little  influence  in  the  causation  of  malformations. 
In  the  case  of  the  slighter  forms  or  anomalies,  such  as  supernumerary 
digits,  inheritance  has  a  most  marked  influence,  but  in  the  mon- 
strosities proper  it  has  little  or  no  effect.  There  may  possibly  be  a 
hereditary  excess  or  defect  in  the  inherent  stimulus  of  the  embryo, 
and  the  ultimate  size  of  the  individual  is  determined  by  its  inherited 
endowments.  The  more  considerable  malformations,  however,  seem 
to  be  more  dependent  on  accidental  or  local  circumstances. 

Sudden  frights  or  shocks  are  often  assigned  popularly  as  the  causes 
of  malformations.  The  sight  of  a  person  with  harelip  or  with  an 
amputated  limb,  by  the  mother,  is  supposed  to  give  rise  to  a  like 
malformation  in  the  foetus,  or  even  a  simple  fright  is  stated  as  the 
cause.  There  is,  however,  little  basis  for  this  opinion,  and  the  assigned 
cause  often  happens  at  a  period  of  pregnancy  when  the  malformation 
must  have  been  already  present.  Most  of  the  malformations,  as  we 
have  seen,  are  referable  to  the  early  periods  when  perhaps  the  mother 
is  as  yet  ignorant  of  the  existence  of  pregnancy. 

Classification. — The  malformations  form  a  regular  series,  and  sub- 
ject themselves  to  a  classification  on  comparatively  simple  lines.  Most 
of  the  systems  are  based  on  that  laid  down  by  Foerster,  which  has 
been  already  indicated  above.  Cleland  has  suggested  a  classification 
which  follows  somewhat  on  Foerster's  lines,  taking  more  account, 
however,  of  the  causation  of  the  lesions.  This  classification  will  be 
in  general  followed. 

The  author  is  indebted  to  Professor  Cleland  for  many  valuable  suggestions  in 
regard  especially  to  the  causation  and  classification  of  monstrosities.  These  sugges- 
tions are  contained  in  several  monographs  on  specific  examples  of  malformation 
(see  Literature),  and  in  a  volume  of  Memoirs  and  Memoranda,  by  Professor 
Cleland  and  his  assistants.  In  his  classification  the  author  has  made  great  use 
of  a  paper  in  the  latter  volume  in  which  a  suggested  classification  is  tabulated. 

Nomenclature.  —It  is  convenient  to  designate  the  various  malfor- 
mations by  brief  descriptive  titles,  which  shall  render  them  readily 
distinguishable.  The  names  used  for  the  specific  forms  will  be  found 
to  follow  a  definite  plan,  and  to  contain,  in  Greek  derivatives,  a  brief 
statement  of  the  general  features  of  the  malformation. 

I.  —MONSTROSITIES  BY  EXCESS. 

The  excess  may  be  either  in  size  or  in  number,  and  these  again  may 
affect  the  body  as  a  whole  or  individual  parts. 

C 
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A.— Monstrosities  by  Excess  in  Size. 

1.  General  hypertrophy  of  the  body :  Giants. — We  include  here 
persons  who  greatly  exceed  in  height  the  stature  of  ordinary  men.  As 
a  rule  a  man  who  measures  7  feet  and  upwards  is  counted  a  giant ; 
there  are  cases  on  record  from  7  to  8  feet  in  height,  and  even  up  to 
9  feet,  although  many  of  the  accounts  are  doubtful.  The  excess  in 
growth  is  chiefly  of  the  osseous  system,  and  especially  in  the  legs,  but 
the  other  bodily  structures  are  also  in  excess.  In  some  cases  sexual 
maturity  is  delayed  or  remains  absent,  and  most  giants  become  pre- 
maturely old  and  do  not  live  long. 

2.  Local  hypertrophies  — Excessive  growth  of  one  half  of  the  body 
is  a  rare  form  of  malformation.  We  have  also  unilateral  hypertrophy 
of  a  limb,  or  of  individual  fingers  or  toes  (see  Fig.  1).    The  bones  of 


Fig.  1.— Hypertrophy  of  second  and  third  toes. 


the  skull  sometimes  grow  excessively,  especially  the  lower  jaw.  There 
are  also  hypertrophies  of  the  larynx  and  tongue,  and  more  rarely  of 
the  internal  organs,  which  as  they  have  no  explanation  in  any  acquired 
disease,  are  regarded  as  malformations. 

B. — Monstrosities  by  Excess  in  Number — Fission  of  the 

Embryo. 

These  form  a  very  important  group,  and  include  a  large  proportion 
of  the  more  considerable  malformations  of  the  body.  They  present 
great  variety  in  form  and  degree.  At  the  one  end  of  the  scale  we 
have  the  monstrosity  consisting  of  two  complete  individuals,  united 
by  a  narrow  band,  or  indeed  disunited.  At  the  other  end  we  have 
simple  duplicity  or  reduplication  of  parts. 
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In  all  cases  of  double  monstrosity  there  has  been,  to  begin  with, 
one  ovum.  Opinions  have  been  divided  on  the  question  whether 
in  the  single  ovum  there  have  been  originally  two  embryoes  which 
have  partially  united,  or  whether  there  has  been  but  one  embryo 
which  has  given  rise  to  the  doubled  parts  by  fission.  The  latter 
view  is  supported  by  many  very  forcible  facts. 

Multiplication  by  fission  is  common  in  the  vegetable  kingdom,  and 
is  not  unknown  in  the  lower  forms  of  animal  life.  In  the  embryo 
of  higher  animals  should  there  be  over-stimulation  of  the  ovum 
soon  after  impregnation,  there  may  be  fission  of  the  whole  germinal 
mass,  with  the  ultimate  production  of  two  separate  individuals  or 
twins.  At  slightly  later  periods,  when  the  central  part  of  the 
cerebro-spinal  axis  has  been  already  laid  down,  the  fission  may  still 
affect  the  upper  or  lower  end  of  the  embryo,  and  we  may  have 
doubling  of  these  either  together  or  singly,  while  a  portion  of  the 
cerebro-spinal  axis  is  single.  Then  at  still  later  periods  when  the 
appendages  are  being  formed,  there  may  be  a  more  local  fission 
leading  to  multiplication  of  parts.  There  are  even  cases  in  which 
the  fission  has  been  repeated  more  than  once,  so  that  there  is  not 
only  a  doubling  but  a  trebling  of  parts,  and  the  monster  contains 
portions  of  three  individuals. 

An  interesting  confirmation  of  the  view  that  double  monstrosity  arises  by  fission 
of  one  embryo  and  not  by  union  of  previously  separate  embryoes  has  been  furnished 
by  Cleland  in  his  observations  on  supernumerary  legs.  According  to  the  old  theory 
supernumerary  legs  are  parts  of  an  undeveloped  foetus  which  has  become  adherent 
to,  and  partly  included  in,  that  which  has  attained  full  development.  The  developed 
legs,  however,  do  not  belong  to  one  pelvis  and  the  supernumerary  ones  to  another, 
as  the  ordinary  theory  would  presuppose.  On  the  contrary,  the  two  developed 
legs  belong  to  two  different  pelves,  as  do  also  the  supernumerary  ones.  That  is  to 
say,  let  there  be  two  pelves  and  four  legs,  two  of  which  are  the  proper  legs  of 
the  individual  and  two  are  supernumerary  and  probably  ill-developed,  then  the 
developed  legs  are  the  right  leg  of  the  right  pelvis  and  the  left  leg  of  the  left 
pelvis,  while  the  supernumerary  ones  are  the  left  leg  of  the  right  pelvis  and  the 
right  leg  of  the  left  pelvis.  The  only  possible  explanation  of  this  is  that  there  has 
been  a  partial  fission  of  the  hinder  part  of  the  embryo,  and  that  of  the  two  pelves 
and  four  legs  those  parts  have  fully  developed  which  have  had  most  room  to 
expand.  As  expansion  takes  place  laterally  it  is  the  extreme  right  and  left  halves 
which  develop  most  fully,  the  adjacent  left  and  right  halves  being  more  or  less 
crushed,  and  perhaps  even  included,  forming  in  some  cases  no  more  than  a  sacral 
tumour  (teratoma). 

The  doubled  parts  frequently  attain  varying  degrees  of  development. 
The  one  half  may  grow  much  more  quickly  than  the  other,  and  when 
that  is  the  case  the  lesser  half  may  undergo  various  degrees  of  dis- 
placement and  defective  development.     As  the  well-developed  half 
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grows  in  length  it  may  even  tear  away  parts  of  the  less  developed 
half  from  their  relations,  and  so  produce  complex  arrangements. 
The  more  quickly  growing  part  may  even  come  to  include  the  less 
developed  one,  and  the  latter  may  form  a  kind  of  Parasite  on  the 
former. 

Another  law  has  to  be  remembered  in  considering  double  mon- 
strosities, namely,  that  by  which  symmetrical  parts  tend  to  adhere. 
This  law  has  a  wide  application  in  normal  development,  lateral  parts 
adhering  and  coalescing  in  the  middle  line.  It  has  also  applicability 
in  cases  of  doubling,  the  symmetrical  parts  of  one  half  sometimes 
adhering  to  the  symmetrical  parts  of  the  other.  This  is  an  adhesion 
strictly  comparable  with  that  occurring  in  normal  development.  There 
is,  however,  not  infrequently  an  adhesion  and  partial  coalescence  of 
parts  of  double  monstrosities  if  they  meet  in  the  middle  line.  Thus 
supernumerary  arms  or  legs  where  the  doubling  is  imperfect  will 
often  meet  in  the  middle  line,  and  they  may  coalesce  more  or  less, 
so  that  instead  of  two  extra  legs  or  arms  there  may  be  but  one, 
but  this  generally  a  compound  one.  This  is  an  adhesion  quite 
distinct  from  the  normal  adhesion  of  symmetrical  parts  of  the 
embryo. 

The  large  majority  of  double  monstrosities  are  of  the  female  sex, 
and  the  two  bodies  are  always  similar  in  sex. 

The  double  monstrosities  are  divisible  into  four  groups  according 
to  the  extent  and  situation  of  the  fission.  The  fission  is  (1)  complete, 
involving  the  whole  cerebro-spinal  axis,  or  (2)  of  the  hinder  extremity 
— abcaudal  fission,  or  (3)  of  the  anterior  extremity — abcranial  fission, 
Or  (4)  of  both  extremities  while  a  portion  of  the  cerebro-spinal  axis 
is  undivided. 

I.— COMPLETE  FISSION.  TWINS. 

Most  twins  are  developed  from  two  ova,  and  are  just  as  distinct 
as  children  who  are  born  one  at  a  birth.  But  some  twins  are 
developed  from  one  ovum,  are  contained  in  one  chorion,  and  have  a 
common  placenta.  In  that  case  the  two  individuals  have  arisen  by 
complete  fission  of  the  original  embryo,  and  the  fission  has  remained 
permanent.  It  is  consistent  with  this  view  that  such  twins  are 
always  of  the  same  sex  and  closely  resemble  each  other,  so  closely 
that  their  individual  identity  is  often  mistaken.  In  a  certain  sense, 
therefore,  such  twins  are  examples  of  double  monstrosities. 

There  are,  on  the  other  hand,  twins  in  whom  the  cerebro-spinal 
axis  is  complete  in  each,  there  having  been  originally  a  complete 
fission,  but  union  has  taken  place,  so  that  the  two  are  connected  by 
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living  tissue.  For  the  most  part  the  two  bodies  are  placed  parallel 
to  each  other,  and  with  the  anterior  surfaces  turned  towards  each 
other,  and  they  are  usually  united  by  their  anterior  parts.  The 
explanation  of  this  may  be  that,  as  the  anterior  parts  are  the  last 
to  close,  adhesion  is  more  likely  to  take  place  here.  This  rule  is, 
however,  not  without  exceptions. 

Although  the  cerebro-spinal  axis  is  complete,  there  is  in  this  form 
of  monstrosity,  not  infrequently,  a  suppression  of  certain  parts,  the 
suppressed  parts  being  symmetrical,  as  if,  being  in  contact,  portions 
had  been  crowded  out  by  the  growing  structures.  There  are  thus 
several  forms. 

1.  Xiphopagus  (n-ayei's  =  united,  from  7rrjyi'vfii)  (Union  confined  to 
the  neighbourhood  of  the  umbilicus  and  xiphoid). — This  is  the  least 
degree  of  union,  and  is  illustrated  by  the  well-known  Siamese  twins. 
There  is  a  common  umbilicus  and  umbilical  cord,  and  there  is  also 
a  cartilaginous  bridge  between  the  two  xiphoid  processes. 

2.  Sternopagus  (Union  from 
umbilicus  upwards,  to  form  a  single 
thoracic  cavity). — In  this  case,  as 
the  union  is  very  close,  some  of 
the  adjacent  structures  may  be 
united  or  represented  by  a  single 
common  structure.  The  two  in- 
testines may  be  united  at  the 
jejunum,  but  double  above  and 
below.  The  liver  is  usually 
double,  but  the  two  livers  are 
generally  united.  The  lungs  are 
always  double,  and  the  heart 
usually  so,  but  the  two  hearts 
may  have  coalesced  at  their  bor- 
ders and  be  externally  single. 
There  is  sometimes  a  partial  or 
complete  coalescence  of  two  of 
the  arms,  so  that  there  are  only 
three  arms.  The  coalesced  arms 
will  be  the  left  of  the  right  twin, 
and  the  right  of  the  left. 

3.  Prosopothoracopagus  or 
Syncephalus   (Union    of  thorax 
and  head). — The  spinal  column  and  base  of  the  cranium  are  separate, 
but  the  faces  have  come  in  contact  and  partly  coalesced.    There  may 


Fig.  2.— Syncephalus.  Janiceps. — Twins  united 
l>y  head  and  thorax.  The  face  shown  belongs 
half  to  one  twin  and  half  to  the  other.  There  is 
another  face  opposite  this  one,  which  is  in  this 
case  imperfectly  formed.  (Glasgow  Hunterian 
preparation.) 
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be  two  faces,  but  they  are  often  partially  undeveloped  (Fig.  2).  The 
union  here,  as  in  the  two  preceding  classes,  is  anterior,  so  that  it  is 
the  faces  which  come  in  contact  and  coalesce.  Symmetrical  parts  of 
the  two  nices  may  thus  unite,  especially  those  in  the  middle  line, 
as  the  mouths  and  noses,  while  the  ears  are  brought  close  together. 
There  is  in  some  cases  a  peculiar  coalescence  of  the  two  faces,  as  if 
while  facing  one  another  they  had  become  flattened  out  against  each 
other  and  the  parts  carried  to  either  side.  There  are  thus  two  faces 
looking  to  the  right  and  left,  but  each  face  really  belongs  half  to 
one  body  and  half  to  the  other.  This  form  of  Mr.  Facing-both- 
ways  is  called  Janiceps.  Sometimes  one  of  the  faces  is  only  a 
rudiment.  In  all  these  forms  the  mouth  and  tongue  are  single  in 
their  posterior  part ;  the  oesophagus,  stomach,  and  duodenum  are 
single.  The  lungs,  urinary  and  sexual  organs,  are  double,  but  the 
heart  single.    The  arms  are  nearly  always  completely  double. 

These  three  forms  are  usually  included  in  the  genus  Thoracopagus,  and  they  con- 
stitute a  very  common  form  of  double  monster.  Amongst  them  the  second  or  Sterno- 
pagus  is  the  most  frequent.  In  some  cases  one  of  the  twins  is  ill  developed,  and 
exists  as  an  appendage  to  the  other,  forming  a  parasite  attached  to  the  abdomen  or 
thorax.  This  form  is  called  Parasitic  thoracopagus,  and  is  illustrated  by  the  case  of 
Lazarus  Colloredo,  who  was  born  in  1710,  and  lived  to  an  adult  age.  The  smaller 
twin  had  most  of  the  external  parts,  with  the  exception  that  there  was  only  one  leg. 

It  is  customary  to  include  under  the  thoracopagus  parasiticus  cases  in  which  the 
head  of  the  ill-developed  foetus  is  absent  (acephalic  parasites),  but  this  is  more 
probably  due  to  incomplete  fission  of  the  abcaudal  form.    (See  further  on.) 

4.  Kraniopagus  (Union  of  cranial  vaults). — The  twins  are  complete, 
and  separate  except  that  the  cranial  vaults  have  united.  The  union 
may  be  frontal,  parietal,  or  occipital  (Kraniopagus  frontalis,  parietalis,. 
occipitalis). 

5.  Ischiopagus  (Union  pelvic). — This  is  the  converse  of  the  preced- 
ing form.  The  two  bodies  are  united  below,  and  diverge  from  one 
another  so  that  the  heads  are  at  the  opposite  poles.  The  two  pelves, 
are  united,  and  sometimes  the  two  sacra  have  coalesced  in  such  a  w7ay 
as  that  the  spinal  canals  are  continuous.  All  the  organs  of  the  chest 
and  abdomen  are  doubled,  but  one  set  of  the  external  sexual  organs 
may  be  imperfectly  formed  or  may  have  coalesced  with  the  other. 
There  are  generally  four  legs,  which  are  thrown  to  the  sides,  but  there 
may  be  three  or  only  two. 

Ahlfeld  divides  the  cases  of  complete  fission  into  those  in  which  the  two  parts, 
are  homogeneously  developed  and  those  in  which  they  are  unequally.  Under  this 
latter  are  included  chiefly  very  ill-formed  monstrosities,  which  occur  along  with, 
and  frequently  as  appendages  to,  fully  developed  foetuses.     Most  of  them  have 
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the  heart  either  rudimentary  or  absent  (hence  Acardiacus),  and  they  are  usually 
parasitic  on  the  more  fully-developed  foetus,  whose  heart  carries  on  the  circula- 
tion in  the  parasite.  As  Cleland  has  indicated,  most  of  these  are  really  cases  of 
abcaudal  or  abcranial  fission  in  which  various  distortions  have  occurred  owing 
to  one  half  growing  more  quickly  than  the  other,  and  they  will  be  mentioned 
further  on. 

II.  — ABCAUDAL  FISSION. 

The  fission  in  this  case  may  be  more  or  less  extensive,  from  below 
upwards,  and  it  may  involve  the  whole  vertebral  column,  but  the  head 
will  always  be  single.  One  of  the  halves  may  develop  excessively, 
and  the  other  may  be  very  imperfect. 

1.  Dipygus  (^17/)  =  buttocks)  {Head  single,  bodies  double  and  equal.li/ 
developed).  There  is  here  one  head  and  two  bodies,  but  the  bodies 
and  arms  may  be  to  a  variable  extent  coalesced.  There  may  be  the 
regular  four  arms,  or  there  may  be  only  two ;  hence  dipygus  tetra- 
brachius and  dibrachius.  This  form  of  double  monstrosity  is  rare  in 
man,  but  common  in  animals. 

2.  Parasitic  forms  (Head  single,  one  body  much  larger  than  the  other). — 
We  have  here  a  great  variety  of  malformations  according  to  the 
degree  of  defect  of  the  smaller  portion.  The  fully-developed  foetus 
is  continuous  with  the  head,  while  the  imperfect  one  seems  a  mere 
appendage,  or  is  even  broken  off  from  the  former.  We  are  able  to 
recognize  various  modifications. 

(a)  Acephalic  parasites  (Smaller  part  appended  to  front  of  larger). — 
In  this  form  we  have  the  fully-developed  foetus  with  part  of  an  ill- 
developed  one  hanging  from  the  front  of  the  thorax  and  abdomen  in 
the  form  of  two  legs,  or  two  legs  with  part  of  a  body  and  two  arms. 
This  form  is  sometimes  called  Epigastrius.  It  is  the  commonest  form 
of  the  parasitic  monstrosities,  and  is  illustrated  in  the  case  of  a  Hindu 
boy,  called  Lalloo. 

(b)  Inclusio  fetalis,  foetus  in  fcetu  (Smaller  part  included  in  the 
other). — The  included  portion  is  within  the  abdominal  cavity  of  the 
larger  part  (Engastrius),  and  is  very  ill  developed.  It  lies  in  a  sac 
composed  of  connective  tissue,  and  the  parts  are  rather  confusedly 
mixed,  but  there  are  usually  recognizable  the  bones  of  legs  and  arms 
with  hands  and  feet — sometimes  also  portions  of  the  vertebral  column. 

(c)  Acephalus.  Amorphus  (Smaller  part  completely  separated). — In 
this  case  the  smaller  division  has  got  broken  off  from  the  larger,  and 
has  developed  separately,  being,  however,  still  dependent  for  its  blood 
supply  on  the  cardiac  contractions  of  the  completed  foetus.  As  these 
forms  have  only  a  rudimentary  heart,  or  none  at  all,  they  are  some- 
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times  included  along  with  similar  cases  of  abcranial  fission  (which  see) 
amongst  the  Acardiaci.  The  separate  monster  has  its  own  umbilical 
cord,  whose  vessels,  instead  of  passing  to  the  placenta,  open  into  those 
of  the  fully  formed  foetus.  Hence  the  circulation  in  the  monster  is 
peculiar  in  respect  that  blood  is  carried  to  it  by  the  umbilical  artery 
and  leaves  it  by  the  umbilical  vein,  and  that  it  receives  blood  which 
has  already  passed  through  the  body  of  the  well-formed  foetus. 

The  acephalus  presents  various  degrees  of  development  of  the  body 
and  limbs.  There  may  be  only  pelvis  and  legs,  or  there  may  be  part 
of  the  vertebral  column,  and  even  thorax  and  arms.  The  legs  and 
arms,  if  present,  are  often  coalesced.  There  may  even  be  some  trace 
of  cranial  bones.    The  lungs  and  heart  are  always  absent. 

The  amorphus  is  a  rounded  mass  covered  with  skin,  and  showing 
externally  no  indication  of  parts  of  the  body.  It  contains  internally 
fat  and  connective  tissue,  with  a  rudimentary  vertebral  column. 
Sometimes  there  is  more  of  an  approach  to  human  form,  and  the 
mass  contains  distinguishable  rudimentary  parts  of  the  body. 

3.  Supernumerary  legs  (Fission  affecting  pelvis  and  appendages). — 
There  is  in  this  case  primarily  a  fission  which  affects  the  inferior 
part  of  the  embryo ;  the  primordial  pelvis,  and  perhaps  also  the 
lower  part  of  the  vertebral  column  are  divided.  If  the  latter  is  at 
all  divided,  then  one  half  disappears,  and  besides  the  one  fully  de- 
veloped trunk  there  is  ultimately  nothing  but  the  two  pelves  with 
their  appendages. 

From  the  observations  of  Cleland,  it  appears  that  the  two  halves 
present  peculiar  and  interesting  relations.  The  fission  is  in  the  middle 
line,  so  that  a  right  and  a  left  pelvis  result.  As  the  two  pelves  are 
closely  connected  behind  (by  the  spinal  column),  there  is  much  more 
room  for  expansion  in  front,  and  so  while  the  proximate  posterior 
parts  are  crushed  together  and  liable  to  imperfect  development,  the 
anterior  halves  attain  full  development.  The  result  is  two  perfect 
limbs,  which,  however,  belong  properly  to  two  different  pelves,  being 
the  right  leg  of  the  right  pelvis  and  the  left  leg  of  the  left ;  and  in 
addition,  placed  posteriorly,  a  more  or  less  imperfectly  formed  com- 
posite pelvis  with  supernumerary  legs,  variously  coalesced  or  dwarfed. 

The  condition  of  the  supernumerary  parts  behind  varies  consider- 
ably. There  is  usually  one  coalesced  limb,  like  that  mentioned  above ; 
but  there  may  be  two,  or  the  indications  of  a  second. 

This  subject  has  been  worked  out  by  Cleland  in  his  memoir  on  "Birds  with 
supernumerary  legs,"  etc.  He  there  refers  to  cases  in  the  human  subject,  especi- 
ally to  that  of  Dos  Santos,  a  moristrosity  which  has  been  described  by  several 
writers.    In  this  case  there  was  a  supernumerary  leg  attached  posteriorly.  It 
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had  the  knee  turned  backwards,  and  ended  in  a  composite  foot  with  the  great 
toes  joined  and  the  fifth  toes  at  the  outer  sides.  This  composite  limb,  therefore, 
had  not  arisen  by  the  fission  of  two  limbs  of  the  same  pelvis,  but  by  the  coales- 
cence of  the  left  leg  of  a  right  pelvis  and  the  right  leg  of  a  left  pelvis.  In 
front  there  were  two  penes  between  the  fully-developed  limbs,  another  indication 
that  the  anterior  parts  and  the  two  developed  limbs  belonged  to  different  pelves. 

4.  Congenital  sacral  Teratoma. — This  is  a  form  of  tumour  whose 
exact  origin  may  be  considered  doubtful,  but  which  is  considered  here 
because  the  most  probable  origin  is  a  partial  abcaudal  fission  with 
inclusion  of  one  of  the  halves.     The  tumour  as  shown  in  Fig.  3  is 


Fig.  3. — Congenital  sacral  teratoma. 


frequently  a  very  large  one.  It  usually  contains  cysts,  and  may  be 
chiefly  composed  of  these.  The  walls  of  the  cysts  recall  the  struc- 
ture of  the  skin,  sometimes  with  hairs,  etc.,  and  of  mucous  membranes, 
and  their  contents  are  sebaceous  matter  or  mucus.  Besides  cysts, 
the  tumour  commonly  contains  much  adipose  tissue  and  voluntary 
muscle.  There  are  also  frequently  glandular  structures  of  somewhat 
indefinite  character,  and  there  may  be  pieces  of  bone  and  cartilage, 
and  even  brain  substance.  The  tumour  lies  behind  the  rectum,  be- 
tween it  and  the  sacrum,  pushing  forward  the  generative  organs  and 
anus,  and  protruding  downwards  and  backwards.  The  child  in  almost 
all  cases  belongs  to  the  female  sex. 
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It  must  be  confessed  that  the  exact  position  of  these  tumours  cannot  be  regarded 
as  fully  determined.  A  case  examined  by  the  author  has  some  peculiar  features 
which  approximate  it  to  the  class  of  true  tumours.  The  child  lived  for  two  years 
after  birth,  and  the  tumour  became  much  larger,  even  in  proportion  to  the  growth 
of  the  child  during  that  period.  Most  of  the  tissues  mentioned  above  were  present, 
namely,  cysts  of  the  dermic  and  mucoid  character,  adipose  tissue,  voluntary 
muscle,  gland  tissue,  bone.  A  striking  peculiarity,  and  one  which  constitutes 
the  chief  divergence  from  other  cases  of  the  kind,  was  the  presence  of  cancerous 
tissue.  Not  only  was  this  tissue  present  in  the  tumour,  but  there  were  numerous 
secondary  tumours  of  typically  cancerous  structure  in  the  liver.  (See  as  to  sacral 
tumours,  Freyer,  Virch.  Arch.,  1873,  lviii.,  p.  509;  and  Lutkemiiller,  Strieker's 
Jahrbiicher,  1875,  p.  66.) 

III. — ABCRANIAL  FISSION. 

As  in  the  case  of  abcaudal  fission,  the  division  may  be  more  or  less 
complete,  and  the  lateral  halves  may  be  unequally  developed,  so  that 
in  the  extreme  cases  one  is  parasitic. 

1.  Diprosopus,  (irpoaruTrov  =  a  face)  double-face  (Partial  fission  of 
head). — In  this  there  are  indications  of  fission  in  the  middle  line, 
but  the  corresponding  parts  have  coalesced  more  or  less,  so  that 
while  the  head  is  single,  the  parts  of  the  face  are  at  least  partly 
doubled.  In  the  lowest  degree  there  is  apparent  externally  only 
a  broadening  of  the  head,  and  there  is  no  doubling  of  external  parts, 
although  the  mouth  and  nasal  cavities  show  a  certain  amount  of 
duplicity.  From  this  there  are  successive  degrees,  the  double  parts, 
as  it  were,  emerging  as  successive  stages  are  reached.  As  the  two 
heads  are  applied  laterally  the  eyes  and  nose  first  emerge,  and  then 
the  ears.  Hence,  beginning  with  the  lowest,  we  have  cases  with 
two  eyes  {Diprosopus  diophthalmus),  with  three  eyes  (friophthalmus), 
with  four  eyes  (tetrophtkalmus),  with  three  ears  (triotus),  and  with  four 
ears  (tetrotits). 

This  form  of  monstrosity  is  rare,  and  as  the  brain  and  fauces  are 
usually  defective,  it  is  not  capable  of  life. 

2.  Dicephalus,  double-head  (Complete  division  of  head). — In  this  case 
(Fig.  4)  also  we  have  degrees  of  fission  varying  from  cases  of  two 
heads  on  one  neck  to  those  in  which  the  body  is  also  to  a  large 
extent  doubled.  The  condition  of  the  arms  indicates  approximately 
the  extent  of  division  of  the  spinal  column ;  hence  we  have  as  varieties 
in  different  stages,  cases  with  two  arms  (Dicephalus  dibrachius),  with 
three  arms  (tribrachius),  and  with  four  arms  (tetrabrachius).  There  are 
even  cases  in  which  an  additional  lower  limb  has  been  present  in  a 
rudimentary  state  (Dicephalus  tripiis),  the  fission  having  extended 
almost  throughout. 
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These  forms  are  very  common,  forming  indeed  the  most  frequent 
double  monsters.  The  malformation  causes  great  difficulty  in  par- 
turition, but,  if  safely  de- 
livered, the  monster  is  quite 
capable  of  life,  and  may  even 
attain  to  old  age. 

3.  Parasitic  forms  (One 
division  much  larger  than  the 
other). — As  in  the  case  of  ab- 
caudal  fission,  so  here  one  of 
the  halves  may  develop  fully, 
while  the  other  is  dwarfed, 
and  remains  as  an  appendage 
or  parasite.  It  may  be  con- 
siderably displaced  or  even 
separated  from  its  connection 
with  the  fully  developed  por- 
tion. 

(a)    Epigastrius  (Smaller 

part      appended      ill     front     Of  Fig.  4.— Dicephahis.  Ahcranial  fission.  (Glas- 

7  \       m         i»  •  i  gow  Hunterian  preparation.) 

Larger). — lhis    form    is  much 

rarer  than  the  corresponding  one  in  abcaudal  fission.  There  is  a 
head  and  part  of  the  body  appended  to  the  thorax  and  abdomen  of 
a  fully  developed  foetus,  but  the  parasitic  portion  is  dwarfed.  The 
monstrosity  is  quite  consistent  with  life. 

(h)  Smaller  part  included  in  the  other.— To  what  extent  the 
occasional  occurrence  of  teratoma  inside  the  skull  or  in  the  media- 
stinum may  be  due  to  abcranial  fission  with  imperfect  development 
of  one  half  is  not  known. 

(c)  Acormus  (Smaller  part  completely  separated). — In  this,  as  in  the 
corresponding  form  of  abcaudal  fission,  the  separated  part  is  connected 
by  the  umbilical  vessels  with  a  fully  developed  foetus,  from  which  it 
receives  its  blood.  The  separated  portion  consists  of  a  head  either 
with  no  spinal  column  or  a  short  piece.  The  head  itself  is  ill  formed, 
the  parts  frequently  much  altered.  The  umbilical  cord  proceeds  from 
*the  neck.  There  is,  of  course,  no  heart,  as  there  is  no  trunk,  and 
the  monstrosity  is  included  amongst  the  Acardiaci  (see  p.  40). 

4.  Supernumerary  arms. — As  in  the  case  of  supernumerary  legs 
in  abcaudal  fission,  so  by  a  somewhat  similar  cause  we  may  have 
supernumerary  arms  produced  in  abcranial  fission.  In  this  case  the 
spinal  column  is  single,  one  of  the  original  divisions  having  dis- 
appeared, but  the  primordial  limbs  of  both  divisions  remain.    As  in 
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the  former  case  also,  the  outer  limbs  of  each  division  develop  into 
the  proper  limbs  of  the  individual,  while  the  internal  or  adjacent 
ones  become  dwarfed  appendages.  The  developed  arms  are  there- 
fore the  right  arm  of  the  right  division  and  the  left  arm  of  the  left, 
while  the  appended  ones  are  the  left  of  the  right  and  the  right  of 
the  left.  (Cleland.) 

IV.  —FISSION  SIMULTANEOUSLY  ABCRANIAL  AND  ABCAUDAL. 

This  will  present  many  of  the  features  of  complete  fission,  but  the 
spinal  column  will  be  in  part  at  least  undivided.  There  will  be  two 
heads  or  the  indication  of  such  a  division,  and  four  legs  or  indications 
of  them.  The  "  Two-headed  Nightingale  "  is  a  monstrosity  of  this 
kind. 

V. -DOUBLE  FISSION.    TRIPLE  MONSTERS. 

It  is  not  very  uncommon  to  have  triplets  in  one  chorion,  arising 
by  double  fission  of  one  embryo.  It  is  also  not  very  rare  to  meet 
with  a  partially  divided  foetus  along  with  a  fully  developed  one. 
On  the  other  hand,  a  double  fission  in  a  foetus  which  remains  united 
is  excessively  rare.  In  one  authentic  case  there  were  three  heads 
(Tricephalus),  two  of  which  were  on  a  single  vertebral  column,  the 
cervical  vertebrae  being  alone  divided,  while  the  other  had  a  separate 
column  to  itself.  There  had  been  a  nearly  complete  abcranial  fission 
followed  by  a  partial  abcranial  fission  of  one  of  the  divisions. 

VI.— REDUPLICATION  OF  PARTS. 

The  tendency  to  fission  does  not  confine  itself  to  the  cerebro- 
spinal axis,  but  extends  to  the  individual  parts  of  the  body,  more 
especially  to  those  accessory  parts  which,  as  it  were,  bud  out  from 
the  main  body. 

Polydactylism  is  the  reduplication  of  the  fingers  and  toes,  a  some- 
what common  malformation.  The  lowest  degree  is  that  in  which  a 
small  appendage  is  attached  by  a  narrow  neck  to  the  outer  aspect  of 
the  hand  or  foot.  This  may  or  may  not  have  a  bony  phalanx.  In 
a  higher  degree  the  finger  has  an  independent  metacarpal  bone,  and 
even  an  added  carpal  one.  In  the  highest  degree  the  hand  or  foot 
has  nine  or  ten  fingers  or  toes.  The  multiplication  may  affect  one 
hand  or  one  foot,  or  both  hands  or  both  feet,  or  all  the  four  mem- 
bers simultaneously.    When  individual  fingers  or  toes  are  divided  it 
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is  most  frequently  the  little  one ;  next  to  that  the  thumb  or  great 
toe,  and  very  seldom  one  of  the  intermediate  ones. 

These  malformations  are  remarkably  subject  to  hereditary  trans- 
mission. It  is  also  remarkable  that  supernumerary  digits  when  ampu- 
tated are  liable  to  grow  again.  (See  Darwin,  "Animals  and  Plants 
under  Domestication,"  vol.  ii.,  p.  14.) 

Multiplication  of  bones  and  muscles. — It  is  not  uncommon  to  find 
additional  vertebrae  in  the  various  regions  of  the  column,  and  they 
are  sometimes  rudimentary.  Sometimes  there  is  a  prolongation  of 
the  column  so  as  to  produce  a  Tail.  There  is,  however,  sometimes 
no  bone  in  such  caudal  appendages,  the  vertebrae  being  only  pro- 
longed as  membrane,  and  sometimes  the  appendage  is  not  a  proper 
tail  at  all,  but  merely  a  cutaneous  projection. 

The  ribs  are  somewhat  frequently  reduplicated,  so  that  we  may 
have  cervical  or  lumbar  ribs. 

Reduplication  of  muscles  is  frequent,  and  some  anomalies  of  this 
kind  are  so  common  as  to  be  regarded  as  mere  varieties. 

Supernumerary  mammae  are  perhaps  doubtfully  to  be  regarded  as 
instances  of  reduplication  of  parts,  as  they  may  be  rather  due  to 
reversion.  There  are  cases  of  three,  four,  and  five  mammae.  The 
extra  mammae  are  usually  near  the  proper  ones,  and  generally  under 
them,  but  there  are  cases  of  very  considerable  removal,  as  in  the 
inguinal  region,  or  on  the  back.  The  mammae  may  be  represented 
only  by  nipples. 

Internal  organs  are  sometimes  reduplicated,  most  commonly  the 
spleen,  but  also  the  pancreas  and  other  organs. 

II. — MONSTROSITIES  BY  DEFECT. 

It  will  be  understood  that  we  have  here  to  do  with  the  more 
general  defects,  and  that  the  more  distinctly  local  ones  fall  under 
their  respective  special  sections.  In  studying  the  malformations  by 
defect  we  have  to  go  back  to  the  developing  embryo,  and  to  see,  in 
interferences  with  the  expansion  and  development  of  parts,  the  causes 
of  the  defects. 

A. — Defect  in  Size,  Dwarfing. 

Defect  in  size  of  the  body  as  a  whole  results  in  the  production  of 
a  dwarf.  Dwarfs  may  be  well  formed  although  diminutive  in  size. 
Generally,  however,  the  head  is  disproportionately  large,  and  some- 
times it  is  so  excessive  in  comparison  with  the  body  as  to  give  the 
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body  as  a  whole  a  deformed  appearance.  The  body  is  also  some- 
times deformed,  and  the  extremities  crooked.  Dwarfs  have  frequently 
good  health,  and  may  live  to  a  considerable  age.  The  usual  height 
of  dwarfs  in  the  adult  state  is  about  2h  feet,  never  under  2  feet, 
and  sometimes  as  much  as  3 \  or  3|  feet. 

Partial  dwarfing  occurs  in  various  parts  of  the  body,  but  especially 
in  the  extremities.  The  extremities  may  be  well  formed,  but  defect- 
ive in  size.  This  may  affect  all  four  limbs,  micromelus,  or  the 
arms,  microbrachius,  or  the  legs,  micropus.  The  head  is  often  small 
in  idiot  children,  Microcephalus,  and  the  brain  is  correspondingly 
dwarfed.  There  may  be  defect  in  individual  parts  of  the  brain,  as 
the  cerebellum.  (See  under  Nervous  System.)  The  face  is  some- 
times at  birth  dwarfed  on  one  side,  Hemiatrophy,  this  apparently 
depending  on  some  affection  of  the  brain.  The  intestine  may  be 
abnormally  short. 

B. — Defects  in  the  Formation  of  Parts. 

These  vary  considerably  in  form  and  causation,  and  it  is  difficult 
tc  divide  them  into  perfectly  definite  groups.  Although  the  causa- 
tion is  obscure  in  many  cases,  yet  the  constancy  of  the  resulting 
forms  shows  that  common  influences  have  been  at  work.  Of  these 
influences  drops}7  of  the  cerebro-spinal  canal  and  interference  by  the 
amnion  seem  to  be  the  most  potent. 

1.  Dropsy  of  the  cerebro-spinal  canal  is  the  cause  of  many  defects 
affecting  the  brain  and  spinal  cord  with  their  coverings.  In  the  early 
embryo  the  cerebro-spinal  axis  is  represented  by  the  medullary  plates, 
beneath  or  in  front  of  which  is  the  notochord.  The  medullary  plates, 
rising  up  at  the  sides  and  folding  round  dorsally,  come  in  contact  and 
form  the  medullary  canal  which  is  the  representative  of  the  ventricles  of 
the  brain  and  the  central  canal  of  the  spinal  cord.  It  has  been  shown 
by  Lebedeff  and  Cleland  that  this  closure  of  the  medullary  canal  dor- 
sally  may  fail  to  occur,  and  it  has  been  ascribed  to  an  over-growth 
of  the  medullary  plates  causing  them  to  flatten  out  and  go  into  folds 
or  curvatures,  while  the  notochord  prevents  proper  longitudinal  expan- 
sion. On  the  other  hand,  after  the  closure  of  the  medullary  canal 
there  may  be  an  accumulation  of  fluid  or  dropsy,  and  this  again  may 
lead  to  a  secondary  rupture  of  the  canal  or  else  to  a  bulging  of  it  back- 
wards. We  have  therefore  these  three  possibilities,  non-closure  of  the 
canal,  its  distension  and  rupture,  or  distension  with  bulging.  Accord- 
ing to  Cleland  the  first  of  these,  occurring  at  a  very  early  period,  is 
likely  to  produce  such  disturbance  in  development  as  to  cause  the 
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death  of  the  embryo,  and  in  consequence  the  malformations  which 
come  into  actual  evidence  are  due  to  accumulations  of  fluid  producing 
rupture  or  distension. 

The  condition  of  the  parts  formed  by  the  epiblast  and  mesoblast 
will  depend  on  whether  there  has  been  rupture  or  not.  When  there 
is  rupture  the  bone  and  cutaneous  tissue  which  normally  cover  over 
the  dorsal  aspect  of  the  cerebro-spinal  axis  will  be  defective,  and  the 
latter  will  be  from  the  first  open  or  exposed.  On  the  other  hand,  if 
there  is  mere  distension  of  the  medullary  canal,  the  cutaneous  structures 
may  be  continued  over  it,  forming  a  tumour,  but  the  bony  structures 
are  likely  to  be  pressed  aside  by  the  bulging  tumour  and  imperfectly 
formed. 

The  changes  mentioned  may  affect  chiefly  certain  parts  of  the 
medullary  canal,  and  may  occur  at  different  periods  of  development, 
the  ultimate  result  varying  accordingly.  Thus  the  part  affected  may 
be  the  cerebral  ventricles  either  in  whole  or  in  part,  or  it  may  be  the 
central  canal  of  the  cord,  or  it  may  be  both  of  them  in  various  degrees. 
Certain  well-marked  forms  are  described. 

2.  Influence  of  the  Amnion. — The  amnion  may  be  the  agent  in 
producing  malformations  in  two  ways,  namely,  by  adhesion  to  the 
developing  parts,  or  by  pressure  on  the  parts  so  as  to  hinder  their 
growth.  The  amnion  is  formed  by  a  backward  projection  of  a  double 
layer  from  the  blastoderm  close  to  the  embryo.  This  occurs  first  at 
the  cephalic  end,  and  then  a  very  little  later  at  the  caudal  extremity. 
The  projecting  folds  come  together  behind  so  as  to  enclose  the  embryo 
in  a  sac,  in  which,  however,  the  anterior  (or  ventral)  aspect  is  not 
included.  The  embryo  gradually  sinks  into  this  sac  as  the  amniotic 
fluid  accumulates. 

The  developing  amnion  is  most  closely  related  to  the  cephalic  and 
caudal  ends  of  the  embryo,  and  any  defect  or  lesion  referable  to  it  will 
affect  the  head  and  especially  the  face,  or  the  pelvis  and  lower  limbs. 
Adhesion  of  the  amnion  has  been  observed  in  some  cases,  and  the 
adhesion  may  be  drawn  out  into  considerable  threads.  Such  adhesion 
will  necessarily  interfere  with  the  active  cells  in  their  constructive 
process.  But  the  mere  non-expansion  of  the  amnion  may  by  its  close 
contact,  without  adhesion,  seriously  interfere  with  the  development  of 
parts,  and  may  have  the  effect  of  destroying  certain  of  the  developing 
structures.  This  may  explain  certain  defects  of  the  face,  such  as 
cyclopia  and  agnathia.  It  also  explains  the  various  degrees  of  deformity 
of  the  lower  extremities  included  in  the  group  of  siren-malformations. 

It  is  to  be  remembered  that  these  interferences  by  the  amnion  are 
likely  to  occur  at  an  early  period,  when  it  is  in  process  of  formation 
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or  shortly  after.  At  these  early  periods  a  minute  group  of  cells  may 
represent  a  considerable  portion  of  the  future  body,  and  a  slight 
interference  may  lead  to  marked  deformity.  It  will  be  noted  also 
that  the  defects  will  be  mostly  in  the  middle  line,  and  more  or  less 
symmetrical. 

I. — DEFECTS  INVOLVING  THE  HEAD  AND  SPINAL  COLUMN. 

1.  Anencephalus. — This  name  implies  that  the  brain  is  absent.  It 
arises  by  an  early  rupture  of  the  medullary  canal  or,  according  to 
Lebedeff,  from  a  non-closure  of  it. 

The  child  is  often  born  at  the  full  time,  and  the  trunk  and  limbs 
are  usually  well-developed.  But  the  vault  of  the  cranium  is  absent, 
and  the  base  of  the  skull  exposed  (see  Fig.  6).    The  base  is  occupied  by 


some  loose  membrane  in  which  there  may  be  some  cysts.  Occasion- 
ally there  is  a  vestige  of  brain,  with  perhaps  a  small  cavity  communi- 
cating with  the  surface,  in  which  case  the  early  rupture  has  been 
limited  and  has  allowed  of  some  development  of  the  brain.  The 
membrane  at  the  base  represents  arachnoid  and  pia  mater  turned 
aside,  with  the  ventricles  exposed.  It  may  be  in  some  cases  that  there 
is  a  bulky  sac  occupying  the  place  of  the  brain,  but  this  is  of  doubtful 
occurrence.  If  it  did  occur  it  would  represent  the  distended  but 
unruptured  ventricles.  The  absence  of  the  cranial  vault  renders  the 
eyes  unduly  prominent  as  they  project  at  the  edge  of  the  open  skull 
(see  Fig.  5),  giving  the  head  the  appearance  of  a  toad,  from  which  the 
malformation  is  sometimes  called  popularly  Toad's  head. 

The  cranium  shows  almost  complete  absence  of  the  flat  bones  of  the 


1  i^.  (3. — Anencephalus  in  median  section. 
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vault,  a  shortening  of  the  base  and  an  angular  curvature  between  the 
sphenoid  and  occipital  bones  (see  Fig.  6).  In  view  of  the  open  state 
of  the  cranium  anencephalus  is  sometimes  designated  Cranioschisis 
or  Acrania.  The  malformation  is  often  combined  with  a  similar  lesion 
of  the  spine  (spina  bifida). 

2.  Encephalocele,  Hernia  cerebri. — In  this  case  the  brain  or  a  portion 
of  it  projects  outside  the  skull  (see  Figs.  7  and  8).  There  may  be 
distension  of  the  ventricles  in  the  extruded  part  (Hydrencephalocele)  or 
there  may  not.    It  arises  by  dropsy  of  the  ventricles  without  rupture. 


Fig.  7. — Encephalocele. 

In  the  more  extreme  cases  the  appearance  of  the  skull  is  at  first  sight 
like  that  of  anencephalus,  but  instead  of  the  cranial  bones  being  absent 
they  are  flattened  down  so  as  to  form  a  very  diminutive  cranial  cavity, 
while  the  brain,  sometimes  nearly  of  full  size,  lies  outside,  communicat- 
ing with  the  interior  through  an  aperture  in  the  bones.  In  this  case 
there  has  been  at  an  early  period  a  partial  dropsy,  which  has  caused 
displacement  of  the  brain,  and  there  is  often  evidence  of  this  in  the 
presence  of  two  or  three  vesicles  in  the  diminutive  cranial  cavity. 
Cleland  has  shown  that  these  vesicles  sometimes  represent  dropsical 
olfactory  lobes  with  infundibula,  which  have  pushed  backwards  the 
cerebral  hemispheres,  the  latter  at  the  period  concerned  being  of  small 
size.    In  other  cases  the  extruded  brain  is  hydrocephalic,  and  some- 
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times  there  is  little  more  than  a  sac  containing  fluid  (sometimes  called 

Meningocele). 


Fig.  S.—  Encephalocele  in  median  section. 

The  position  of  the  protrusion  is  most  commonly  behind  the  occiput 
or  at  the  root  of  the  nose,  constituting  encephalocele  posterior  or 
anterior.    In  rare  cases  it  is  lateral,  the  protrusion  being  above,  in 

front  of  or  behind  the  ear.  It 
is  also  rarely  seen  projecting 
upwards,  or  downwards  into 
the  sphenoid  sinus,  the  nares 
or  mouth. 

3.  Cyclopia  (Monophthalmia). 
— In  this  condition  there  is  a 
single  orbital  cavity  in  the 
middle  line,  containing,  in 
some  cases,  only  a  rudiment  of 
the  eyeball  (Fig.  9),  in  others 
a  fully-developed  globe,  or  it 
may  be  two,  close  together.  There  is  no  retina  in  the  eyeball,  which 
consists  alone  of  parts  developed  from  without.  The  cerebrum  con- 
sists of  one  mesial  portion,  containing  a  single  ventricle. 


Fig.  9. — Cyclopia.  Deformed  nose  projects 
above  orbit.    (Glasgow  Hunterian  preparation.) 
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According  to  Cleland  there  is  here  a  dropsy  of  the  roof  of  the 
thalamencephalon,  including  the  pineal  body.  The  enlargement  of 
these  parts  causes  defect  of  the  anterior  cerebral  vesicle,  and  by  its 
pressure  also  interferes  with  the  development  of  the  face. 

4.  Agnathia. — This  constitutes  a  still  further  defect  of  the  face, 
apparently  from  a  similar  cause.  In  it  the  lower  jaw  is  deficient 
and  the  ears  are  brought  close  together  so  as  to  touch  one  another 
below.  This  may  be  associated  with  Cyclopia,  in  which  case  the 
brain  is  defective  as  in  that  form  of  lesion,  although  otherwise  the 
upper  part  of  the  face  and  the  brain  are  unaffected. 

5.  Spina  bifida. — In  this  condition  the  arches  of  the  vertebrae  are 
usually  more  or  less  incomplete,  and  there  may  be  a  tumour  pro- 
jecting whose  internal  cavity  communicates  with  the  spinal  canal. 
But  this  tumour  is  absent  in  certain  forms,  and  it  is  possible  to 
divide  the  cases  into  those  in  which  the  vertebral  canal  is  open  with- 
out tumour,  and  those  in  which  there  is  a  tumour. 

(a)  Open  spina  bifida  (Ehachischisis). — This  form  is  strictly  compar- 
able with  anencephalus,  with  which  it  is  often  associated.  The  medul- 
lary canal  has  never  been  completed  or  an  early  rupture  has  occurred. 
Accordingly  the  integuments  have  not  been  carried  to  the  middle 
line  behind,  and  the  arches  of  the  vertebrae  are  wanting,  so  that  the 
vertebral  canal  is  exposed,  covered  only  with  a  membrane.  This 
membrane  is  continuous  laterally  with  the  skin.  The  exposed  canal 
does  not  even  form  a  gutter;  it  is  flattened  out  and  shows  at  most 
a  slight  groove,  but  is  frequently  convex  posteriorly.  The  surface 
of  the  membrane  represents  the  internal  surface  of  the  medullary 
canal,  that  is  to  say,  the  central  canal  of  the  spinal  cord,  and  the 
cord  itself,  to  the  extent  of  the  lesion  of  the  spine,  is  absent  or 
present  as  a  mere  trace,  like  the  brain  in  anencephalus.  In  a  case 
described  by  Cleland  the  membranous  surface  was  continuous  with 
a  dilated  central  canal,  thus  proving  that  the  former  is  really  the 
open  central  canal.  Although  the  cord  is  absent,  the  spinal  nerves 
are  present,  arising  from  the  membrane  in  an  inner  and  an  outer 
series,  representing  the  anterior  and  posterior  roots. 

Ehachischisis  is  often  associated  with  anencephalus,  in  which  case 
it  affects  the  upper  part  of  the  spine  or  its  whole  length,  the  con- 
dition being  inconsistent  with  life.  On  the  other  hand,  it  may  affect 
•a  limited  area  usually  at  the  lower  part  of  the  column,  being  pro- 
duced by  a  local  rupture  or  defect  of  the  medullary  canal.  In  that 
case  we  may  have  a  persistent  dilatation  of  the  central  canal  of  the 
cord,  and  perhaps  a  hydrocephalus. 

(b)  Spina  bifida  with  tumour. — In  this  case  there  is  a  persistent 


52 


TERATOLOGY — GENERAL  MALFORMATIONS. 


dropsy  with  protrusion  of  a  portion  of  the  sac,  a  condition  compar- 
able with  hydrencephalocele.  The  dropsy  may  be  of  the  central  canal 
of  the  cord  (syringocele)  or  merely  of  the  meninges  (meningocele),  but 
the  cord  is  usually  carried  outwards  with  the  protrusion  (myelo- 
meningocele). In  the  syringocele  or  syringomyelocele  the  central  canal 
is  expanded  so  as  to  form  the  internal  lining  of  the  sac,  and  the 
spinal  cord  may  be  atrophied  or  partially  preserved.  The  nerve  roots 
arise  in  front  of  the  sac.  In  the  meningocele  and  myelomeningocele 
the  fluid  is  in  the  subarachnoid  or  arachnoid  space,  usually  the  latter, 
and,  according  to  its  seat  in  relation  to  the  circumference  of  the  cord, 
will  be  the  condition  of  the  cord  itself  and  the  nerve  roots.  The 
nerves  may  lie  in  front  of  the  sac,  or  may  arise  within  it  and  course 
in  its  walls. 

Spina  bifida  with  tumour  may  occur  in  any  part  of  the  spine,  but 
is  most  common  in  the  lumbo-sacral  region.  (See  under  Affections 
of  the  Nervous  System.) 

II. — DEFECTIVE  COALESCENCE  OR  CLOSURE  OF  PARTS  IN  FRONT. 

In  the  completion  of  the  parts  in  front,  the  visceral  arches  grow 
forward,  and,  for  the  most  part,  coalesce  in  the  middle  line  in  a 
fashion  similar  to  that  of  the  neural  arches  on  the  dorsal  surface. 
The  face  and  neck  are  partly  formed  by  the  subcranial  and  branchial 
arches,  which  variously  unite  with  each  other,  and  with  the  fronto- 
nasal plate.  In  all  these  there  are  possibilities  of  non-union,  and  so 
we  have  various  forms  of  clefts. 

The  incomplete  closure  may  arise  by  abnormal  protrusion  of  the 
viscera  preventing  closure  in  front.  The  cause  of  such  protrusion 
may  in  some  cases  be  dropsical  accumulations,  more  especially  in 
the  case  of  the  thorax  and  abdomen,  but  it  may  also  be  due  to 
interference,  by  adhesion,  or  otherwise,  of  the  amnion  or  allantois. 

1.  Facial  clefts. — The  most  extreme  case  is  that  in  which  the 
naso-frontal  and  the  superior  maxillary  plates  are  defective,  and  the 
face  presents  in  its  middle  part  a  large  opening,  which  to  a  greater 
or  less  extent  replaces  nose  and  upper  jaw,  and  in  some  cases  also 
involves  orbits  and  lower  jaw.  This  condition  is  called  Aprosopus  or 
Schistoprosopus. 

Less  degrees  of  it  are  shown  in  Cleft  palate  and  Harelip.  The 
naso-frontal  plate  forms  the  central  part  of  the  upper  lip  and  of  the 
alveolar  process  of  the  upper  jaw.  Hence,  in  these  parts,  the  line  of 
union  is  on  either  side  of  the  middle  line,  while  in  the  palate  it  is 
mesial.  The  cleft  in  the  lip  and  alveolar  process  is  therefore  lateral 
and  that  in  the  palate  mesial.    All  degrees  of  non-union  exist,  from 
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complete  fissure  of  the  palate,  with  cleft  of  the  alveolus  and  lip  on 
each  side,  to  the  slightest  notch  on  one  side  of  the  upper  lip.  These 
defects  date  back  to  the  third  month  of  foetal  life,  at  which  period 
the  closure  ought  to  occur. 

2.  Congenital  fistula  in  the  neck  (Fistula  colli  congenita). — This 
arises  by  imperfect  closure  of  the  lateral  aspects  of  the  branchial 
arches.  There  is  a  small  aperture,  only  sufficient  to  admit  a  small 
probe  or  bristle,  usually  situated  half  an  inch  to  an  inch  above  the 
sterno-clavicular  articulation,  more  rarely  further  upwards  and  out- 
wards, or  in  the  middle  line.  The  aperture  leads  into  a  canal  which 
is  directed  towards  the  pharynx  or  oesophagus,  and  may  communicate 
with  one  or  other  of  these.  It  is  stated  that  the  fistula  may  com- 
municate with  the  larynx,  but  this  is  doubtful  (Karewski).  The 
fistula  is  lined  with  mucous  membrane,  and  mucus  may  be  dis- 
charged at  the  orifice.  There  is  usually  one  fistula  which  is  most 
frequently  on  the  right  side  or  in  the  middle,  but  occasionally  there 
are  two  symmetrically  placed. 

Occasionally,  from  a  similar  origin,  we  have  Cysts  in  the  neck 
without  external  aperture.  These  may  be  filled  with  serous  fluid 
{Congenital  hydrocele  of  the  neck),  or  may  have  a  more  epidermic  struc- 
ture and  contents,  so  as  to  constitute  Dermoid  cysts.  By  the  bursting 
of  these  latter,  or  after  opening  by  the  surgeon,  a  fistula  may  remain, 
this  being  one  of  the  ways  in  which  the  fistula  colli  congenita  may 
originate. 

3.  Defective  closure  of  thorax  (Fissura  sterni). — There  are  various 
degrees  of  this,  and  various  combinations  with  defect  of  the  anterior 
abdominal  wall,  the  highest  degree  being  a  complete  cleft  of  thorax 
and  abdomen.  In  these  extensive  clefts  the  organs  are  generally 
extruded,  but  even  when  there  is  a  limited  cleft  of  the  sternum, 
the  heart  is  liable  to  lie  outside  the  chest.  In  this  ectopia  cordis 
the  heart  generally  lies  in  the  middle  line,  communicating  with  the 
inside  of  the  chest  by  a  narrow  peduncle  composed  of  the  great 
vessels.  The  heart  itself  is  usually  malformed.  Sometimes  the  heart 
lies  at  the  root  of  the  neck,  the  manubrium  being  cleft.  Sometimes 
ectopia  cordis  occurs  without  any  cleft  in  the  sternum,  in  which  case 
the  heart  lies  in  the  neck  or  in  the  epigastrium,  in  the  latter  case 
projecting  through  an  aperture  in  the  diaphragm.  These  facts  indi- 
cate a  displacement  by  pressure  from  behind,  and  probably  the  whole 
phenomena  are  due  to  dropsy  of  the  pleural  cavity  at  an  early  period. 

4.  Defective  closure  of  abdomen  (Fissura  abdominalis). — As  noted 
above,  this  is  sometimes  associated  with  defect  of  the  thorax.  In 
complete  fissure  of  thorax  and  abdomen,  as  there  is  no  umbilicus, 
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there  is  usually  no  proper  umbilical  cord,  and  the  vessels  pass  directly 
from  the  placenta  by  the  amnion  to  the  cleft  in  the  abdomen.  The 
proper  abdominal  fissure,  in  its  highest  degree,  extends  from  the 
ensiform  cartilage  to  the  pubes.  In  that  case  the  viscera  are  ex- 
truded, the  urinary  bladder  is  cleft,  and  the  genital  organs  are  absent 
or  defective.  Sometimes  the  defect  is  less,  and  the  abdominal  con- 
tents lie  outside  the  abdomen  in  a  large  hernial  sac  (see  Fig.  10). 


Fig.  10. — Fissura  abdominalis.  There  is  a  sac  containing  protruded  viscera,  namely, 
intestine  and  part  of  liver.  Below,  the  conditions  are  those  of  fissure  of  bladder.  The 
long  black  rod  is  passed  under  a  bridge  which  crosses  the  urethra.  To  the  right 
of  this  rod  below  is  a  short  rod,  which  passes  into  vagina;  on  either  side  are  labia 
pudendi  separated.    Above,  the  small  rods  on  each  side  are  in  the  ureters. 

The  umbilical  cord  is  usually  absent,  and  the  placenta  is  directly 
in  contact  with  the  sac,  the  vessels  traversing  the  latter  to  reach 
the  abdomen.    Two  special  forms  merit  more  particular  attention. 

(a)  Hernia  of  the  umbilical  cord  (Hernia  funiculi  umUUcalis). — This 
is  really  a  minor  degree  of  the  condition  last  mentioned.  There  is, 
at  the  seat  of  the  umbilicus,  a  -rounded  tumour,  from  the  distal  ex- 
tremity of  which  the  cord  passes  off,  there  being  no  proper  umbilicus. 
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The  tumour  consists  of  a  peritoneal  pouch  which  is  protruded  through 
the  abdominal  wall.  There  is  an  aperture  in  the  wall  of  the  abdomen, 
and  the  peritoneal  pouch  is  covered  with  amnion,  which  is  continuous 
on  the  one  hand  with  the  surface  of  the  abdomen,  and,  on  the  other, 
with  the  surface  of  the  umbilical  cord.  The  hernia  is  one,  there- 
fore, of  the  umbilical  cord,  and  not  simply  of  the  umbilicus.  When 
the  cord  drops  off,  the  amnion  goes  with  it  and  the  peritoneal  sac 
is  exposed.  If  the  tumour  be  large  it  will  become  gangrenous,  and 
the  patient  will  rapidly  succumb.  Even  if  the  tumour  be  small  the 
exposure  generally  results  in  fatal  peritonitis,  and  it  is  only  excep- 
tionally that  the  gap  in  the  abdomen  is  closed  by  healing. 

(b)  Fissure  of  the  bladder  (Inversio  s.  extroversio  vesicce). — In  this 
condition  the  abdominal  wall  between  umbilicus  and  pubes  is  incom- 
plete. The  allantois  has  failed  to  close  completely  inside  the  abdomen 
so  as  to  form  the  urinary  bladder,  and  the  lateral  borders  of  the 
latter  are  adherent  to  the  sides  of  the  cleft,  while  the  anterior  wall 
is  entirely  absent.  The  posterior  wall  of  the  bladder  therefore  fills 
the  cleft,  and  as  it  is  pushed  forward  by  the  abdominal  viscera  it 
protrudes  as  a  soft  red  area  of  mucous  membrane,  which  readily 
bleeds,  and  on  the  surface  of  which  the  ureters  open.  At  the  upper 
end  of  the  cleft  is  the  umbilicus,  which  is  frequently  displaced  down- 
wards. The  conditions  shown  in  Fig.  10  are  those  of  extroversio  vesicae 
such  as  occur  without  the  more  complete  fission  shown  in  that  illus- 
tration. 

The  defect  generally  extends  to  the  parts  below.  The  pubic  bones 
do  not  meet  in  the  middle  line,  the  rami  ending  in  rounded  lateral 
prominences.  In  the  female  the  urethra  is  usually  absent  as  well  as 
the  clitoris,  and  sometimes  the  vagina  is  defective  or  absent.  In  the 
male  there  is  a  rudimentary  penis,  which  is  not  traversed  by  a  urethra, 
but  presents  on  its  upper  surface  a  deep  groove  which  represents  the 
cleft  urethra. 

(c)  Minor  degrees  of  incomplete  closure  in  front. — The  cleft  may 
confine  itself  to  the  upper  part  of  the  bladder,  which  presents  itself 
as  a  red  protrusion  just  beneath  the  umbilicus,  the  parts  below  being- 
perfect.  A  still  less  degree  is  a  simple  persistence  of  the  urachus, 
which  then  forms  an  open  communication  between  the  bladder  and 
the  surface  at  the  umbilicus.  We  may  also  have  a  Cyst  of  the 
urachus  from  expansion  of  a  partially  obliterated  urachus. 

On  the  other  hand  it  may  be  the  lower  part  which  is  defective,  the 
urinary  bladder  being  well  formed,  but  the  urethra  cleft  and  otherwise 
imperfect.  In  the  male  this  constitutes  Epispadias.  The  penis  is 
short  and  cleft  on  its  dorsum,  the  urethra  forming  here  a  deep  groove. 
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The  groove  ends  posteriorly  in  an  aperture  which  communicates  with 
the  bladder  beneath  the  pubes. 

The  causation  of  these  malformations  is  obscure.  It  may  be  that 
there  is  a  simple  failure  in  the  formative  material  of  these  parts,  or  that 
an  over-distension  of  the  allantois  has  prevented  a  proper  closure. 


III.— ABNORMAL  CLOSURE  OR  DEFECT  OF  ORIFICES  AND  CANALS. 

Some  of  these  are  local  and  fall  under  their  special  sections,  but 
there  is  one  form  which  has  more  general  results. 

Imperforate  anus  with  persistence  of  cloaca. — Up  to  the  fifth  week 
of  embryonic  life  there  are  no  external  openings  for  the  intestine  and 
urino-genital  organs.  The  rectum  is  still  closed  below,  but  communi- 
cates with  the  allantois,  which  forms  a  common  opening  for  the  in- 
testinal, urinary,  and  genital  passages,  and  is  itself  still  open  through 

the  imperfect  abdominal  wall  in  front. 
This  condition  may  persist  in  a  greater 
or  less  degree. 

The  most  extreme  form  is  where, 
along  with  imperforate  anus,  there 
is  fissure  of  the  abdomen  and  blad- 
der, a  combination  of  the  conditions 
described  in  last  section  with  that 
now  under  consideration.  In  some 
cases  the  colon  is  deficient,  and  the 
ileum  may  communicate  with  the 
extroverted  bladder.  Such  conditions 
are  hardly  compatible  with  life. 

In  the  simpler  forms  there  is 
imperforate  anus  and  the  intestine 
communicates  with  urinary  or  genital 
passages.  The  communication  may 
be  with  the  vagina  (anus  vaginalis), 
or  with  the  urethra  (amis  urethralis), 
or  with  the  urinary  bladder  (anus 
vesicalis).  The  communications  may 
be  very  small,  so  that  continuance 
of  life  is  impossible  from  accumu- 
lation of  faeces,  but  there  may  be 
fuller  communication,  and  sometimes 
the  condition  is  surgically  remediable. 
Simple  imperforate  anus  may  be  a  simple  absence  of  the  aperture, 
but  in  many  cases  there  is  also  a  defect  of  a  portion  of  the  rectum. 


Fig.  11.— Imperforate  anus,  a,  Anus  and 
anal  part  of  rectum.  b,  Dilated  rectum 
separated  from  anal  part  by  a  complete 
septum,    c,  Urinary  bladder. 
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The  latter  condition  may  exist  while  the  anus  is  perfectly  formed 
{Fig.  11).    (See  further  on  under  Intestine.) 


IV.— ABSENCE  OR  DEFECT  OF  THE  EXTREMITIES. 

Defective  formation  of  the  extremities  may  be  due  to  a  failure  in  the 
inherent  powers  of  the  germinal  matter  which  forms  these  parts,  or  to 
mechanical  interference.  Where  there  is  a  symmetrical  defect,  then 
we  may  presume  that  there  has  been  a  failure  in  the  material  destined 
for  the  limbs,  whereas  a  non-symmetrical  deformity  is  probably  due 
to  a  local  interference.  As  the  limbs  form  by  lateral  expansion,  they 
are  more  likely  than  other  parts  to  come  in  contact  with  the  amnion 
and  the  umbilical  cord,  or  with  any  band  or  bridge  which  may  have 
accidentally  formed.  There  may  even  be  an  amputation  of  a  limb  by 
the  cord  or  a  band.    Various  forms  are  described. 

1.  Defect  of  all  the  four 
limbs. — (a)  Amelus  (/xeAo9  =  a 
limb),  or  absence  of  all  the  ex- 
tremities. The  body  is  usually 
well  formed,  but  at  the  shoulders 
and  hips  there  are  short  rounded 
or  warty  projections,  at  the  ends 
of  which  there  may  be  horny  or 
nail-like  appendages.  Sometimes 
there  are  ill-formed  bones  pre- 
sent. 

(h)  Peromelus  (707/009  =  maimed). 
The  whole  four  extremities  are 
defective  or  deformed  (Fig.  12). 
The  body  may  be  well  formed, 
but  sometimes  the  deformity  is 
associated  with  other  malforma- 
tions which  prevent  the  persist- 
ence of  life. 

(c)  Phocomelus  (</>wk?/  =  a  seal). 
This  is  a  variety  of  the  former,  in  which  the  long  bones  are  absent 
or  very  defective,  and  the  hands  and  feet  are  seated  immediately  on 
the  shoulders  and  hips  and  are  well  formed. 

2.  Defect  of  the  arms. — (a)  Abrachius.  The  upper  extremities  absent, 
while  the  lower  are  developed. 

(b)  Perobrachius.  Both  arms  are  defective.  The  long  bones  may 
fail  and  the  hands  be  planted  on  the  shoulders,  or  the  arms  may  be 
short  and  deformed,  and  the  hands  have  only  two  or  three  fingers.  In 


Fig.  12.— Peromelus.  The  four  extremities  de- 
fective.   (Glasgow  Hunterian  preparation.) 
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most  cases,  however,  the  upper  arm  is  little  deformed,  but  the  fore-arm 
and  hand  are  defective. 

(c)  Monobrachius.  Absence  of  one  limb.  This  sometimes  occurs  as 
part  of  a  greater  defect  of  the  thorax  and  abdomen,  but  the  body  may 
be  fully  developed. 

3.  Defects  of  the  legs. — Defects  of  the  lower  extremity  are  similarly 
classified  to  those  of  the  upper,  and  have  similar  characters  We  have 
Apus,  Peropus,  Monopus.  In  the  last  mentioned  the  absence  of  the  leg 
may  be  associated  with  defect  of  the  pelvis  and  protrusion  of  the 
abdominal  contents.  In  addition  to  this  we  have  the  following  special 
form. 

Siren-malformation  (Sympus  :  Symelia). — In  this  form  the  lower 
extremities  are  coalesced,  and  the  body  is  prolonged  into  a  tapering 

single  limb,  so  that  there 
is  some  resemblance  to 
the  legendary  siren  with  a 
fish's  tail  (sec  Fig.  13). 
The  defect  arises  at  an 
early  period  of  develop- 
ment, and  there  is,  besides 
the  deformity  of  the  legs, 
defect  of  the  pelvis  and  of 
the  intestinal  and  urino- 
genital  organs.  It  is  prob- 
able in  this  case,  as  sug- 
gested by  Dareste,  that 
the  amnion  by  undue  im- 
pingement on  the  caudal 
extremity  of  the  embryo 
interferes  with  the  growing 
structures.  The  interfer- 
ence is  in  the  middle  line 
and   occurs   at   the  time 

Fig.  13.-Sympus  monopus  or  Siren-malformation.         when  the  Hmb-girdle,  which 

is  to  form  the  pelvis,  is 
first  formed,  which  is  about  the  fourth  week.  The  result  of  the 
interference  is  shown  in  the  pelvic  bones.  The  ischial  and  pubic  bones 
are  defective  below  (see  Fig.  14),  and  their  proximal  parts  coalesced, 
so  that  the  two  ischia  form  a  transverse  bar  across  the  pelvis,  and  the 
two  pubic  bones  project  forward.  By  this  coalescence  the  acetabula 
are  approximated  behind,  and  -may  coalesce  into  one.  From  the  fact 
of  the  acetabula  being  approximated  behind,  the  femora  are  brought 
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together  by  their  outer  aspects  and  coalesce  by  these  (see  Fig.  15), 
which  are  fixed  in  the  middle  line.  This  explains  the  peculiar  position 
of  the  coalesced  limb,  which  has  the  knee  with  the  patellae  looking 
backwards  and  flexed  forwards,  and  has  the  foot  with  the  plantar  surface 
facing  forwards  and  the  great  toe  outwards  (see  Fig.  13). 


Various  degrees  of  the  deformity  are  met  with  according  to  the 
degree  of  coalescence  of  the  limbs  and  of  suppression  of  the  parts 
which  meet  in  the  middle  line.  The  foot  may  be  absent  (Sympus 
apus),  or  there  may  be  one  foot  at  the  extremity  of  the  combined  leg 
(Sympus  monopus).  The  single  foot  is  variously  supplied  with  toes — the 
two  outer  are  always  the  great  toes,  and  the  number  of  others  is 
various, — or  there  may  be  two  distinct  feet  with  the  full  complement 
of  toes  {Sympus  dipus).  In  this  last  form  the  other  constituents  of  the 
limb  will  also  be  less  united,  and  there  may  be  two  femurs,  but  the 
soft  parts  are  coalesced. 

In  the  siren  there  is  always  defect  of  the  external  organs  of  genera- 
tion, which  are  often  absent  altogether.  The  anus  is  usually  absent, 
although  not  so  in  the  case  figured  above.  There  are  also  sometimes 
defects  in  the  intestine  in  its  course. 

4.  Defects  of  the  fingers  and  toes. — These  present  themselves  as 
absence  or  defect  of  the  digits,  and  as  coalescence.  These  are  very  fre- 
quent malformations,  and  they  may  affect  all  four  members,  as  in 
Fig.  .16,  or  be  limited  to  two  or  one.    In  cases  of  coalescence  it  is 


Fig.  14. — Sympus.  Bones 
of  pelvis  and  ley,  from 
behind.  Femur,  with 
two  heads  and  two  lower 
extremities.  Glenoid  cavi- 
ties close  together behind. 


Fig.  15.  -  Sympus.  Pelvis  seen  from  the  front.  The  ischial 
bones  coalesced  across  the  floor.  The  pubic  bones  coalesced  and 
projected  forwards. 
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usually  only  the  skin  which  unites  the  fingers  or  toes,  but  sometimes 
the  muscles  and  tendons  are  united,  and  more  rarely  the  bones. 


Fig.  16.— Congenital  deformities  of  fingers  and  toes  occurring  in  the  same  person. 


These  defects  of  the  fingers  and  toes  are,  like  polydactylism,  in  a 
high  degree  inherited.  This  applies  to  the  symmetrical  forms,  and 
not  to  such  defects  as  may  be  due  to  mechanical  interference,  as  by 
imputation. 
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III. — ABEEEANT  MONSTROSITIES. 

In  this  division  we  include  malformations  in  which  there  is  little 
or  no  quantitative  defect,  but  there  is  a  qualitative  difference  from 
the  normal,  an  error  in  the  development;  they  are  the  forms  which 
Foerster  has  classified  as  Monstra  per  fabricam  alienam.  The  mal- 
formations affect  the  thoracic  and  abdominal  viscera  and  the  external 
organs  which  are  in  immediate  connection  with  them.  The  heart 
and  blood-vessels  and  the  generative  organs  are  most  frequently 
affected.  The  malformations  of  these  will  be  described  in  their 
special  sections  ;  we  have  here  to  deal  with  general  monstrosities. 

Transposition  of  the  viscera  (Situs  transversus). — This  malformation 
is  not  very  rare.  The  entire  viscera  of  chest  and  abdomen  are 
transposed,  so  that  the  aorta  comes  off  from  a  right  ventricle,  the 
venae  cavse  are  on  the  left  side,  the  liver  is  on  the  left,  the  spleen 
on  the  right,  and  so  on.  The  organs  are  properly  formed,  and  their 
function  is  normal.  The  existence  of  the  malformation  may  alto- 
gether escape  observation,  or  may  be  accidentally  discovered  when 
the  person  is  being  examined  medically. 

Transposition  is  constant  in  double  monsters,  the  left  twin  having 
the  normal  arrangement,  and  the  right  having  the  viscera  transposed. 
This  seems  to  indicate  that  in  single  embryoes  the  usual  situation 
in  the  umbilical  vesicle  is  left,  but  that  occasionally  it  may  be  right, 
in  which  case  the  viscera  are  transposed. 

Literature. — Meckel,  Handb.  d.  path,  anat.,  1812-1818;  and  De  duplicate  mon- 
strosa  comment.,  1813;  Etienne  Geoffroy  St.  Hilaire,  Philosophic  anatomique, 
vol.  ii.,  1822;  Isidore  Geoffroy  St. -Hilaire,  Traite  de  teratologic,  1832-1837.  The 
fullest  account  in  Foerster,  Die  Missbildungen  des  Menschen,  with  atlas,  1861,  and 
in  Ahlfeld,  Die  Missbildungen  des  Menschen,  1880-1882,  also  with  atlas;  in  both 
of  these  the  literature  very  fully;  also  Gerlach,  Die  Enstehungsweise  der  Doppel- 
missbildungen,  1882;  Panum,  Die  Enstehung  der  Missbildungen,  1860;  Dareste. 
Eecherches  sur  la  production  artificielle  des  monstrosites,  2nded.,  1891;  Hirst  & 
Piersol,  Human  monstrosities,  1892  ;  Eauber,  various  papers  on  the  theory  of  mon- 
strosity by  excess,  in  Virchow's  Arch.,  vols,  lxxi.,  lxxii.,  lxxiii.,  lxxiv.  Cleland, 
Journal  of  Anat.  and  Phys.,  vols,  viii.,  xii.,  xiii.,  xvii.  Trans,  of  Philosoph.  Soc.  of 
Glasgow,  1885-86.  Address  on  Kational  Teratology,  Brit.  Med.  Jour.,  1888,  vol. 
ii.,  p.  346,  also  Memoirs  and  Memoranda  in  Anatomy  by  Cleland,  Mackay,  and 
Young,  1888.  Himly,  Foetus  in  foetu,  1831;  Sneddon  (Supernumerary  mammae), 
Glasg.  Med.  Jour.,  pp.  69  and  120,  1878.  Bannatyne,  Diseases  and  Deformities  of 
foetus,  and  Teratologia,  a  journal,  vol.  i.,  1894.  Teacher  and  Coats  (Siren)  Jour,  of 
Path.,  1895. 
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SECTION  III. 

ALTERATIONS  OF  THE  BLOOD  AND  ITS  CONSTITUENTS. 

Constituents  of  the  blood: — (1)  Plasma;  (2)  Red  corpuscles;  (3)  Leucocytes; 
(4)  Bizzozero's  third  corpuscle.  I.  General  hyperemia,  Plethora  ;  produced 
artificially  by  Transfusion  of  blood  ;  Plethora  as  a  pathological  condition. 
II.  General  anaemia  ;  (1)  Causation ;  (a)  From  destruction  of  red  corpuscles, 
haemorrhage,  hemoglobinuria ;  (?>)  From  defective  formation.  (2)  Character 
of  the  changes  in  the  blood  in  oligemia  ;  in  pernicious  anemia  ;  in  chlorosis  ; 
in  secondary  anemias.  (3)  The  bone-marrow  in  anemias.  (4)  Secondary 
changes  in  anemias.  IV.  Leukemia,  Causation  obscure  ;  changes  in  blood 
and  nature  of  the  disease  ;  condition  of  spleen  ;  bone-marrow  ;  lymphatic 
glands  ;  liver,  kidneys,  etc.  V.  Abnormal  constituents  in  the  blood  : — 
(1)  Melanemia  ;  pigment  in  blood  and  organs  ;  (2)  Lipemia ;  fat  in  blood, 
chiefly  in  diabetes  ;  (3)  Uremia ;  (4)  Diabetes  mellitus  :  experimental  pro- 
duction ;  source  of  the  sugar  ;  nature  of  the  process. 

rpHE  blood  is  to  be  regarded  as  a  tissue  which  is  being  continually 
-■-  changed  by  loss  and  renewal  of  its  constituents.  It  is  a  fluid 
in  which  are  suspended  red  and  white  cells  or  corpuscles,  and  it  is  a 
vehicle  by  which  the  nutritious  material  required  by  the  tissues,  and 
the  oxygen  necessary  for  their  respiratory  processes  are  conveyed ; 
the  former  function  being  performed  by  the  liquor  sanguinis,  and 
the  latter  by  the  red  corpuscles.  It  also  carries  off  to  their  proper 
places  of  excretion  the  products  of  tissue  change,  and  the  carbonic 
acid  resulting  from  the  respiratory  process  in  the  tissues. 

Constituents  of  the  blood. — The  blood  is  composed  of  the  fluid 
part,  the  blood-plasma,  and  the  solid  elements,  the  blood-corpuscles. 

1.  The  blood-plasma  holds  in  solution  two  albuminous  substances, 
namely,  serum  albumen  and  fibrinoplastin  or  serum  globulin,  besides 
a  variety  of  nitrogenous  substances  in  small  quantity,  most  of  which 
are  in  process  of  excretion,  such  as  urea,  uric  acid,  kreatin,  etc. 
There  are  besides,  as  constant  constituents,  fats,  sugar,  and  various 
salts,  of  which  the  chief  are  sodium  chloride  and  phosphate. 

2.  The  red  corpuscles  are  disc-shaped  bodies  whose  chief  constituent 
is  haemoglobin.  The  origin  of- these  corpuscles  cannot  yet  be  said  to 
have  been  unequivocally  determined.     In  the  early  embryo  they  are 
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formed  coincidently  with  the  blood-vessels,  and  the  cells  that  develop 
into  the  latter  give  origin  to  the  red  corpuscles,  which  are  thus  intra- 
cellular products.  This  method  of  production,  however,  ceases  before 
birth,  and  in  the  embryo  itself,  and  in  the  individual  throughout 
extra-uterine  life,  a  different  mode  of  origin  must  be  looked  for. 

The  bone-marrow  is  agreed  upon  by  many  authors  as  the  chief 
permanent  seat  of  origin  of  the  red  corpuscles.  In  the  red  marrow 
of  the  cancellous  tissue  of  bones,  and  more  particularly  of  the  ribs, 
there  are  visible  red  corpuscles  with  nuclei,  which  seem  to  be  the  early 
forms  of  the  red  corpuscles.  It  is  stated  that  these  cells  are  multiply- 
ing by  karyomitosis,  and  that  the  red  corpuscles  are  thus  replenished. 
The  mode  in  which  the  nucleus  is  disposed  of,  and  the  reason  of  its 
absence  in  the  red  corpuscles  of  mammals,  are  not  clearly  known. 


3.  Leucocytes. — The  colourless  corpuscles  of  the  blood  are  by  no 
means  uniform  bodies.  They  differ  amongst  themselves  in  size, 
character  of  the  nucleus,  and  in  the  character  of  the  granules  in 
their  protoplasm.  The  observations  of  Ehrlich  are  important  in  this 
respect.  In  regard  to  size  and  character  of  nucleus  three  forms  are 
distinguishable  (see  Fig.  17).    (1)  Multinucleated  leucocytes,  which  are 


Fig-.  17. — Blood  corpuscles,  stained  with  logwood  and  eosine.  Many  red  corpuscles 
are  seen,  and  three  leucocytes  of  different  kinds.  One  of  these  (to  the  left  above)  is  a 
large  mononuclear  leucocyte  ;  another  has  a  lobed  or  fragmented  nucleus,  and  the 
third  is  a  small  mononuclear  leucocyte  or  lymphocyte,    x  800. 
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much  the  most  numerous,  and  constitute  the  ordinary  white  corpuscles. 
In  them  the  nucleus  appears  to  be  in  several  pieces,  two,  three,  or 
four.  But  careful  examination  shows  that  the  pieces  are  united  by 
fine  threads,  so  that  there  is  really  a  single  nucleus  in  several  lobes, 
hence  the  terms  lobed  and  fragmented  nucleus.  (2)  The  large  mono- 
nucleated  leucocyte  is  a  large  cell  with  a  large  nucleus,  which  is  oval 
or  kidney-shaped.  The  nucleus  does  not  stain  so  deeply  as  that  of  the 
other  forms.  This  cell  divides  by  karyomitosis,  as  the  regular  figures 
are  not  infrequently  visible  in  it.  (3)  The  small  mononucleated 
leucocyte  or  lymphocyte  is  a  small  cell  with  a  proportionately  large 
nucleus  which  stains  deeply.  This  leucocyte  closely  resembles  the 
cells  of  lymphatic  glands,  and  is  hence  called  a  lymphocyte.  It  is 
supposed  by  some  to  pass  into  the  large  mononucleated  form. 

Most  leucocytes  have  a  granular  protoplasm,  and  Ehrlich  has  shown 
that  these  granules  vary  in  their  characters,  and  especially  in  their 
reaction  to  aniline  dyes.  The  aniline  dyes  are  divisible  into  the  basic 
and  the  acid  forms.  The  regular  nuclear  stains,  such  as  methyl-bluey 
methyl-violpt,  fuchsine,  etc.,  are  examples  of  the  basic  form.  Eosine 
is  the  type  of  the  acid  form,  but  acid  fuchsine  is  also  frequently 
used.  Five  varieties  of  granules  have  been  distinguished  by  Ehrlich, 
but  these  may  be  grouped  into  three,  according  as  the  granules  are 
stained  by  basic,  acid,  or  mixed  aniline  dyes.  There  are  thus  the 
basophil,  the  eosinophil,  and  the  neutrophil  granules,  the  latter  being 
stained  by  solutions  containing  both  basic  and  acid  dyes,  such  as  a 
mixture  of  methyl-green  and  acid  fuchsine.  (1)  The  neutrophil 
granules  occupy  the  protoplasm  of  the  multinucleated  leucocytes. 
When  a  film  of  blood  is  stained  with  a  mixture  of  methyl-green  and 
acid  fuchsine,  fine  purple  granules  are  seen  to  occupy  the  great 
majority  of  the  leucocytes.  (2)  Eosinophil  granules  are  found  in  a 
small  minority  of  the  large  mononucleated  leucocytes.  The  granules 
are  large  and  have  a  striking  red  colour  when  stained  with  eosine 
or  acid  fuchsine.  Eosinophil  cells  are  abundant  in  the  normal  bone 
marrow.  Those  in  the  blood  are  presumably  derived  from  the  bone 
marrow.  (3)  Basophil  granules  are  rarely  present  in  normal  blood. 
They  are  large  granules  which  are  deeply  stained  by  the  basic  dyes. 
The  cells  are  probably  identical  with  the  so-called  Mast-cells  of 
connective  tissue,  which  are  highly  granular  cells  of  common  occur- 
rence in  ordinary  connective  tissue.  The  great  majority  of  the 
mononucleated  leucocytes,  both  large  and  small,  contain  no  granules 
of  any  of  the  three  kinds. 

4.  Blood-plates.  Bizzozero's  third  corpuscle. — Hayem  and  Bizzozero  have 
recently  alleged  the  presence  of  a  third  form  of  corpuscle  in  the  blood.  Hayem 
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gives  the  name  hamiatoblast,  and  Bizzozero  that  of  Blutplattchen  to  this  corpuscle. 
Hayem's  name  implies  the  view  that  these  form  the  red  corpuscles,  and  as  this 
view  is  incorrect  the  name  is  inadmissible.  We  shall  refer  to  them  under  the 
designation  blood-plates.  They  are  small  colourless  bodies,  oval  or  circular  in 
outline  and  disc-shaped.  In  cold-blooded  animals  there  are  spindle-shaped  bodies 
which  are  regarded  as  of  a  similar  nature.  The  blood-plates  undergo  rapid 
changes  when  once  removed  from  the  body,  running  together  into  indefinite 
granular  masses.  They  may  be  prevented  from  changing  if  the  blood  be  rapidly 
dried  on  a  cover  glass  and  stained  with  methyl- violet  (Schimmelbusch).  The 
existence  of  these  bodies  as  independent  formed  corpuscles  is  exceedingly  doubt- 
ful, and  their  appearance  is  probably  to  be  accounted  for  by  the  fact  that  various 
interferences  with  the  blood,  and  especially  cooling,  causes  a  rapid  deposition  of 
solid  granules  having  the  form  described  by  Bizzozero. 

I.  GENERAL  HYPEREMIA.  PLETHORA. 

These  terms  designate  the  condition  in  which  the  total  quantity 
of  blood  in  the  body  is  in  excess.  The  first  question  that  arises  here 
is,  whether  the  vascular  system  is  capable  of  accommodating  more 
blood  than  it  contains  normally.  There  is  no  difficulty  in  answering 
this  question  in  the  affirmative.  If  the  vessels  as  a  whole  could 
contain  no  more  blood  than  they  normally  hold,  then  there  could  be 
no  local  variations,  no  blushing,  no  increase  in  the  quantity  of  blood 
during  activity  of  organs.  The  capillaries  present  great  variations  in 
the  amount  of  blood  they  contain  at  different  times,  and  if  we  take 
the  whole  capillaries  of  the  body  into  account,  it  will  appear  that  in 
them  there  is  a  great  reserve  space  which  may  possibly  on  occasion 
be  used  for  the  accommodation  of  an  excess  of  blood.  This  matter 
has  been  brought  to  the  test  of  experiment,  blood  being  transfused 
into  the  circulatory  apparatus  in  animals. 

Transfusion  of  blood  is  the  artificial  introduction  into  the  vascular  system  of 
blood  from  another  person  or  animal. 

In  the  experiments  of  Worm  Muller,  which  are  chiefly  of  importance  here,  the 
defibrinated  blood  of  dogs  was  injected,  with  precautions,  into  the  vessels  of 
animals  of  the  same  kind.  It  is  not  remarkable  that  the  vascular  system  can 
accommodate  a  large  additional  quantity  of  blood,  but  it  is  remarkable  that  it 
should  do  so  with  little  disturbance  to  the  health  of  the  animal.  A  quantity  equal 
to  a  half  or  three  fourths  of  the  blood  normally  present  in  the  animal  may  be 
injected  without  injuring  the  health  of  the  animal,  and  the  quantity  needs  to  be 
double  the  normal,  or  over  it,  before  the  animal's  health  is  seriously  impaired. 
It  might  be  expected  that  when  the  vascular  system  is  thus  overfilled  the  blood- 
pressure  would  be  greatly  raised,  but  registration  of  the  pressure,  by  a  cannula 
introduced  into  the  carotid  and  connected  with  a  kymographion,  shows  that 
though  during  the  actual  operation  there  is  a  rise  of  pressure,  yet  it  soon  falls 
to  within  normal  limits.  If  a  quantity  is  injected  more  than  equal  to  the  normal 
bulk  of  the  blood,  then  the  pressure  begins  to  show  remarkable  elevations  and 
depressions,  and  the  animal  usually  dies  in  the  course  of  the  same  day  or  the  next 
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Life  is  immediately  endangered  when  one  and  a  half  times  the  normal  bulk  is 
injected. 

When  blood  is  transfused  then  in  large  quantity  it  finds  accommodation  chiefly 
in  the  capillaries  and  veins,  the  arteries  being  relaxed  in  order  to  admit  of  its 
passing  into  these,  and  the  blood-pressure  is  not  raised.  It  appears  that  the 
capillaries  and  veins  of  the  abdominal  organs  form  a  great  reservoir  for  the 
accommodation  of  excessive  blood,  and  that  the  blood  after  transfusion  lodges 
here  chiefly. 

The  excess  of  blood  thus  supplied  to  an  animal  does  not,  however,  remain 
permanently  as  a  part  of  its  organism.  There  seem  to  be  arrangements  in  the 
body  for  disposing  of  it.  Worm  Mtiller  endeavoured  to  determine  what  time  it 
took  to  dispose  of  a  large  excess  of  blood.  After  the  transfusion  the  animals  were 
starved,  and' the  blood  and  urine  examined  at  intervals.  It  was  concluded  that 
the  fluid  of  the  blood  is  rapidly  disposed  of,  being  excreted  by  the  urine.  A  few 
hours  after  transfusion  much  of  the  excess  of  liquor  sanguinis  had  already  gone, 
and  even  when  60  to  80  per  cent,  of  the  entire  blood  was  injected,  the  whole  excess 
had  disappeared  in  the  course  of  two  or  three  days.  The  rapid  disposal  of  the 
liquor  sanguinis  leaves  the  blood  corpuscles  greatly  in  excess,  and  the  rate  of 
disappearance  was  determined  by  counting  them  by  means  of  Malassez'  method. 
If  the  quantity  transfused  is  small,  the  corpuscles  may  be  disposed  of  in  a  few 
days ;  but  in  the  case  of  large  transfusions  it  may  take  two  or  even  three  weeks. 
In  this  comparatively  short  period  of  time,  however,  the  whole  excess  of  blood, 
both  plasma  and  corpuscles,  is  removed,  and  we  may  infer  that  there  are  arrange- 
ments in  the  body  for  the  regulation  of  the  amount  of  blood. 

These  experiments  all  refer  to  the  transfusion  of  defibrinated  blood.  If  blood 
is  injected  when  just  about  to  coagulate,  or  if  when  it  has  just  begun  to  coagulate 
some  of  the  serum  is  pressed  out  and  injected,  then  in  some  cases  the  animal 
dies  rapidly  with  symptoms  referable  to  pulmonary  embolism.  The  blood  m 
the  right  side  of  the  heart  and  pulmonary  artery  is  found  after  death  to  be 
coagulated.  The  explanation  of  this  is  that,  at  the  time  of  coagulation  of  the 
blood,  the  fibrinoplastic  substance  and  the  ferment,  which. Schmidt's  observations 
have  shown  to  be  so  directly  concerned  in  coagulation,  are  both  set  free.  It 
appears  that  even  a  small  quantity  of  these  substances  introduced  in  the  free 
.  state  into  the  blood  of  a  living  animal  induces  coagulation  of  it.  The  importance 
of  these  facts  in  regard  to  transfusion  in  human  beings  will  not  be  overlooked. 

Hitherto  the  transfusion  of  blood  from  an  animal  of  the  same  kind  has  been 
referred  to,  dog's  blood  injected  into  a  dog.  But  when  blood  from  a  different 
species  of  animal  is  used,  there  are  frequently  symptoms  of  poisoning  developed. 
The  urine  is  blood-coloured,  and  it  contains  albumen  and  tube  casts ;  there  is 
vomiting  of  bloody  material,  diarrhoea,  etc.  It  is  as  if  the  foreign  blood  had 
acted  as  a  poison,  and  we  may  inquire  what  is  the  nature  of  the  poison.  The 
observations  of  Ponfick  and  others  have  thrown  considerable  light  on  this  matter. 
The  urine  is  blood-coloured,  but  microscopic  examination  shows  that  this  is  due, 
not  to  the  presence  of  red  blood  corpuscles,  but  to  that  of  the  colouring  matter 
of  the  blood,  in  solution.  It  is  not  a  bloody,  but  a  blood-coloured  urine,  not  a 
hematuria,  but  a  Hsemoglobinuria.  The  fact  seems  to  be  that  there  is  no  poison 
in  the  foreign  blood  plasma,  but  that  the  corpuscles  are  unable  to  survive  in 
the  alien  blood ;  they  dissolve,  and  their  haemoglobin  being  dissolved  in  the 
plasma  acts  as  a  poison,  and  is  eliminated  by  the  kidneys.  It  seems  to  exercise 
its  deleterious  influence  chiefly  on  the  kidneys  themselves,  the  tube  casts  and 
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albumen  in  the  urine  being  evidences  of  the  irritation  of  these  organs.  The 
general  symptoms,  in  fact,  are  largely  referable  to  irritation  of  the  kidneys. 

If  hemoglobin  be  introduced  into  the  blood  in  other  ways  it  acts  equally  as  a 
poison.  The  red  corpuscles  of  animals  may  be  destroyed  by  repeatedly  freezing 
and  thawing  the  blood,  and  when  that  has  been  done,  blood  even  of  the  same 
kind  of  animal  will  produce  symptoms  such  as  those  referred  to. 

It  is  to  be  observed  that  all  animals  are  not  exactly  in  the  same  relation  to  each 
other  in  this  respect.  It  is  found,  for  instance,  that  a  much  smaller  quantity  of 
lamb's  blood  than  of  hen's  blood  produces  hemoglobinuria  in  a  dog.  The  import- 
ance of  these  facts  in  regard  to  transfusion  in  the  human  species  will  be  apparent. 

In  this  place  it  may  be  mentioned  that  the  blood  transfused  does  not,  according 
to  Panum,  act  as  food  or  take  its  place.  If  an  animal  is  undergoing  starvation, 
transfusion  does  not  avert  or  delay  the  process  of  inanition,  it  rather  hastens 
it  by  increasing  the  waste.  In  using  transfusion  as  a  means  of  treatment  the 
principal  object  is  to  make  up  the  bulk  of  the  blood,  and  this  can  be  effected 
by  the  injection  of  serum  or  solution  of  common  salt,  with  a  small  proportion 
of  alkaline  salt,  making  the  solution  near  the  specific  gravity  of  the  blood. 

Plethora,  as  a  pathological  condition,  is  not  of  great  importance. 
It  may  be  presumed  that  in  some  persons  the  blood-forming  organs, 
probably  along  with  the  other  structures  of  the  body,  are  unduly  active 
in  their  nutritive  processes.  In  that  case  there  may  be  an  excess  of 
blood  in  the  vascular  system,  which  will  manifest  itself  in  an  over- 
fulness  of  the  capillaries  and  veins  throughout  the  body,  but  especially 
in  those  of  the  abdominal  viscera.  Persons  of  vigorous  digestion  and 
active  habits  have  often  a  florid  appearance,  as  if  the  vessels,  of  the 
skin  at  least,  were  overfilled.  The  excess  of  blood  is  used,  to  a  con- 
siderable extent,  in  the  formation  of  fat,  and  we  know  that  the 
subcutaneous  adipose  tissue  and  that  of  the  abdomen  are  often  much 
increased.  But  the  observations  mentioned  above  show  that  any 
excess  of  blood  is  disposed  of  with  considerable  rapidity,  and  we 
may  infer  that  in  the  human  subject  a  moderate  tendency  to  plethora 
will  be  overcome.  It  will  develop  when  the  formation  of  blood 
keeps  in  advance  of  its  destruction  by  the  arrangements  provided 
for  that  purpose. 

There  may  be  a  certain  amount  of  plethora  resulting  from  the 
stoppage  of  customary  bleedings,  as  from  piles,  excessive  menstrua- 
tion, etc.,  and  there  will  be  a  definite  increase  in  the  amount  of  blood 
relatively  to  the  capacity  of  the  vessels  when,  before  amputation  of 
a  limb,  its  vessels  are  emptied  into  the  circulation  by  the  application 
of  an  elastic  bandage. 

We  have  again  an  increase  in  the  total  volume  of  the  blood  in 
cases  where  the  capacity  of  the  vascular  system  is  increased.  This 
occurs  in  many  cases  of  disease  of  the  heart,  where  not  only  the 
cavities  of  the  heart  are  often  greatly  enlarged,  but  the  capillaries  and 
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veins  in  the  liver,  kidneys,  etc.,  are  much  dilated.  Some  of  the 
symptoms  in  heart  diseases  may  be  due  to  difficulty  in  dealing  with 
the  increase  of  the  mass  of  blood. 

In  new-born  children  there  will  frequently  be  a  sudden  increase  of 
the  mass  of  the  blood.  Before  birth  the  foetal  blood  is  divided  between 
the  child  and  the  placenta.  After  the  birth  of  the  child,  if  the  um- 
bilical cord  be  not  immediately  ligatured,  the  contraction  of  the 
uterus  will  empty  the  foetal  part  of  the  placenta  into  the  child.  It 
has  been  estimated  that  this  will  sometimes  amount  to  100  grammes, 
or  equal  to  one  half  the  previous  bulk  of  the  blood.  A  portion  of 
this  blood  will  be  accommodated  in  the  lungs,  which,  on  their  inflation, 
increase  the  capacity  of  their  vessels,  but  these  will  not  always  take 
up  the  whole  excess.  It  is  asserted  by  some  that  the  common  icterus 
of  the  new-born  (see  Icterus)  is  due  to  the  disposal  of  the  excess  of 
red  corpuscles. 

Literature. — Worm  Muller,  Transfusion  u.  Plethora,  1875 ;  Panum,  Virch. 
Archiv,  vols/xxvii.,  xxix.,  and  lxiii. ;  Ponfick,  ibid.,  lxii. ;  Budin,  Comptes  Bendus, 
1876 ;  Goltz,  Virch.  Archiv,  vol.  xxix. ;  Kronecker  und  Zander,  Berl.  klin. 
Wochensch,  1879,  No.  52 ;  Jennings,  Transfusion  of  blood  and  saline  fluids,  1888. 

II.  GENERAL  ANEMIA. 

The  term  Anaemia  would  mean  literally  want  of  blood,  but  it  is 
used  in  a  wider  sense  to  indicate  defect  in  any  of  the  essential  con- 
stituents of  the  blood.  As  the  red  corpuscles  are,  so  far  as  the  general 
function  of  the  blood  is  concerned,  the  chief  constituents,  the  term 
anaemia  is  given  to  conditions  in  which  these  elements  are  defective 
either  in  number  or  in  their  characteristic  pigment.  Spansemia, 
which  means  poverty  of  blood,  would  more  strictly  designate  these  con- 
ditions, but  this  term  is  seldom  used. 

As  the  blood  may  be  defective  in  its  various  constituents  different  terms  are 
used  to  indicate  the  character  of  the  defect.  Oligsemia  is  a  defect  in  the  bulk  of 
the  blood  as  a  whole,  such  as  results  from  a  severe  hasmorrhage,  and  it  is  virtu- 
ally equivalent  to  Acute  traumatic  anaemia.  Oligocythemia  is  a  defect  in  the 
number  of  the  red  corpuscles.  This  condition  is  sometimes  called  Aglobulism. 
When  the  red  corpuscles,  although,  perhaps,  normal  in  number,  are  deficient  in 
haemoglobin,  the  condition  is  called  Achromatosis.  A  watery  or  dilute  condition 
of  the  liquor  sanguinis  is  called  Hydrsemia.  As  the  essential  constituent  of  the 
blood  plasma  is  albumen,  the  term  Hypalbuminosis  is  used  instead  of  hydremia, 
especially  in  cases  where  there  is  a  direct  drain  on  the  albumen. 

1.  Causation. — We  have  here  to  do  with  defects  in  the  red  cor- 
puscles, and  such  defects  may  arise  either  by  destruction  of  the 
corpuscles  or  by  some  fault 'in  their  formation. 

(a)  Anaemia  from  destruction  of  the  corpuscles. — This  occurs  most 
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directly  in  haemorrhages  where  the  blood-corpuscles,  like  the  rest  of 
the  constituents,  are  shed. 

Destruction  of  the  corpuscles  in  the  circulating  blood  is  met  with 
in  a  variety  of  conditions.  It  occurs  very  directly  in  malarial  fevers, 
by  the  action  of  the  parasites  concerned  in  the  causation  of  this  class 
of  disease.  The  anemia  produced  is  a  very  striking  and  frequent 
feature.  In  some  malarial  fevers,  especially  the  severe  forms  of 
African  fever,  hematuria  is  mentioned  as  a  frequent  symptom.  The 
author  suspects  that  this  is  really  a  Hemoglobinuria  due  to  the  solu- 
tion of  the  red  corpuscles.  In  Texas  fever  of  cattle,  which  seems  to 
be  due  to  a  similar  parasite,  a  striking  symptom  is  bloody  urine,  which 
gives  the  popular  name  of  "  red  water  "  to  the  disease.  The  author 
has  found  this  to  be  a  hemoglobinuria  and  not  a  hematuria. 

Hemoglobinuria  is  also  of  occasional  occurrence  in  burns  which 
involve  extensive  tracts  of  skin,  also  in  pyemia,  in  certain  fevers,  and, 
as  a  special  form,  in  Paroxysmal  hemoglobinuria. 

Hemoglobinuria  (ffcemoglobincemia). — We  have  already  considered  at  p.  66  the 
mode  of  occurrence  of  haemoglobinuria  when  alien  blood  is  transfused.  It  has 
been  also  produced  artificially  by  the  injection  of  distilled  water,  of  biliary  acids 
and  diluted  glycerine.  Extensive  burns  of  the  skin,  by  destroying  the  vitality 
of  the  corpuscles  in  the  vessels  exposed  to  the  high  temperature,  induce  their 
ultimate  solution.  Certain  poisons  also  partially  dissolve  the  corpuscles,  especially 
arsenic  and  arseniuretted  hydrogen  and  nitric  acid.  It  occurs  also  in  new-born 
children.    (See  under  Icterus.) 

Paroxysmal  hemoglobinuria  is  a  condition  in  which  the  red  corpuscles  are 
peculiarly  susceptible  of  solution,  which  is  induced  by  slight  causes.  The  com- 
monest cause  is  exposure  to  cold,  but  a  case  is  recorded  in  which  it  always  occurred 
in  a  soldier  after  a  long  march.  As  exposure  of  the  surface  to  cold  is  the  usual 
cause,  the  affection  occurs  mostly  in  winter,  but  Eosenbach  produced  it  in  summer 
by  a  cold  foot  bath.  The  haemoglobin  is  set  free  by  the  solution  of  the  cor- 
puscles. Ehrlich,  in  a  case  of  this  kind,  put  an  elastic  ligature  round  the 
finger  and  immersed  the  latter  in  ice-cold  water.  A  drop  of  blood  from  the  finger 
showed  the  corpuscles  in  various  stages  of  decolorization,  and  also  altered  in 
size  and  shape  (microcytes  and  poikilocytes).  The  urine  in  haemoglobinuria  gives 
a  precipitate  on  heating  like  that  of  albumen,  but  this  is  haemoglobin.  The 
haemoglobin  is  found  in  the  urine  in  the  form  of  little  beads,  often  in  rows,  and 
sometimes  forming  casts  of  the  tubules. 

The  free  haemoglobin  may  stain  the  tissues,  but  this  does  not  usually  occur 
unless  the  haemoglobin  is  transformed  into  haematoidin.  The  so-called  haemato- 
genous  icterus,  observed  in  pyaemia  and  other  conditions,  has  this  origin.  (See 
under  Icterus.)  Eecklinghausen  found  crystals  of  haematoidin  in  the  blood  in  a 
case  in  which  lamb's  blood  had  been  used  for  transfusion. 

A  more  obscure  mode  of  destruction  is  that  which  occurs  in  per- 
nicious ansemia,  where  a  progressive  diminution  of  the  red  corpuscles 
is  met  with.     That  this  is  due  to  destruction  of  the  red  corpuscles  is 
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evidenced  by  the  striking  deposition  of  pigment  in  the  liver  which 
is  characteristic  of  this  disease. 

(b)  Anaemia  from  defective  formation  of  the  corpuscles. — This  is 
the  condition  in  chlorosis,  where  a  defect  in  the  blood-forming  organs 
is  probable.  Secondary  anaemias  also  belong  to  this  category.  In 
them  there  is  some  defect  in  the  general  conditions  of  life  or  some 
grave  disease  which,  by  lowering  the  nutrition  as  a  whole,  leads  to 
defect  in  the  blood. 

2.  Character  of  the  changes  in  the  blood. — From  what  has  gone 
before  it  will  be  apparent  that  in  the  different  forms  of  anaemia  the 
state  of  the  blood  will  vary  considerably,  and  it  will  be  proper  to 
refer  to  each  individually.  The  condition  of  the  red  corpuscles  is 
the  most  important  point.  Their  numbers  may  be  estimated  by  one 
of  the  forms  of  Haemocytometer  founded  on  the  method  of  Malassez, 
and  the  amount  of  their  haemoglobin  may  be  determined  by  the 
Haemoglobinometer,  in  which  the  depth  of  colour  is  compared  with 
a  standard  'solution. 

In  anaemias  due  to  haemorrhage,  in  which  a  direct  destruction 
of  the  red  corpuscles  has  occurred,  the  number  of  the  corpuscles  is 
reduced,  and  the  plasma  is  watery. 

Immediately  after  a  severe  haemorrhage  we  have  an  actual  Oligsemia,  but  this 
simple  reduction  in  the  bulk  of  the  blood  does  not  long  remain,  as  various  processes 
ensue  which  modify  the  condition  of  the  blood.  In  the  first  place,,  the  bulk  of  the 
blood  is  rapidly  made  up  by  absorption  from  the  tissues  and  alimentary  canal,  and 
by  diminution  of  the  excretion  of  water  by  the  kidneys.  The  result  is  that,  while 
the  bulk  of  the  blood  is  made  up,  the  plasma  is  watery  and  the  red  corpuscles 
deficient,  a  condition  of  Oligocythemia  and  Hydraemia.  In  the  blood,  soon  after  a 
hemorrhage,  there  is  a  certain  proportional  excess  of  white  corpuscles,  a  Leuco- 
cytosis.  This  arises  partly  from  the  fact  that  the  leucocytes,  being  more  adhesive 
than  the  red  corpuscles,  do  not  escape  so  readily  as  these,  and  also  because  the 
leucocytes  are  more  rapidly  renewed  than  the  red  corpuscles. 

If  there  has  been  a  single  haemorrhage  the  blood  is  gradually, 
although  slowly,  restored.  The  plasma  comparatively  soon  recovers 
its  due  concentration,  but  the  red  corpuscles  are  very  slowly  replen- 
ished, and  it  may  be  weeks  or  months  before  their  number  is  made 
up.  The  condition  of  the  blood  itself  will  interfere  with  the  activity 
of  the  blood-forming  organs  amongst  the  others.  Where  there  are 
repeated,  although  small,  haemorrhages,  a  more  or  less  permanent 
hydraemia  and  oligocythaemia  result. 

In  malarial  fevers  and  in  conditions  characterized  by  haemo- 
globinuria,  the  conditions  are'  similar  to  those  resulting  from  haemor- 
rhage ;  there  is  a  defect  in  the  number  of  the  red  corpuscles. 
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Pernicious  anaemia,  or  essential  anaemia,  is  a  condition  in  which, 
without  apparent  cause,  the  blood  becomes  progressively  deteriorated. 
In  some  cases  which  were  supposed  during  life  to  present  the  features 
of  this  disease,  post-mortem  examination  has  revealed  organic  disease 
of  the  intestinal  canal,  such  as  a  deep-seated  cancerous  tumour,  or 
(according  to  Nothnagel  and  Fenwick)  an  induration  of  the  stomach 
with  atrophy  of  the  gastric  glands,  but  these  cases  ought  to  be 
removed  from  the  present  category,  and  to  be  assigned  to  the  group 
of  secondary  anaemias  of  which  they  form  severe  examples. 

The  observations  of  Quincke,  Peters,  Eussell,  and  others,  which  have  been  con- 
firmed and  elaborated  by  Hunter,  show  that  in  pernicious  anaemia  there  is  a  great 
excess  of  pigment,  containing  iron 
(haemosiderin)  in  the  liver.  The  iron 
is  demonstrable  by  micro-chemical 
tests,  sulphide  of  ammonium  giving  a 
dark  colour,  and  ferrocyanide  of  potas- 
sium with  dilute  hydrochloric  acid, 
the  usual  Prussian  blue  (see  Hunter). 
The  pigment  is  present  chiefly  in  the 
outer  two  thirds  of  the  hepatic  lobules 
(Fig.  18),  and  is  contained  in  the 
hepatic  cells  (Fig.  19).  The  cells  in 
the  central  parts  of  the  lobules  usually 
show  fatty  degeneration.  A  similar 
pigment  is  sometimes  present  in  the 
kidney,  where  it  is  mostly  in  the  epi- 
thelium of  the  convoluted  tubules. 
The  bone-marrow  also  contains  an 
excess  of  pigment  in  which  iron  is 
present.  On  the  other  hand,  the 
spleen  does  not  contain  an  excess  of 
iron,  although  usually  enlarged. 

From  these  observations  it  may  be  inferred  that  in  pernicious  anaemia  there  is  a 
great  destruction  of  red  corpuscles  in  the  blood,  the  haemoglobin  not  passing  un- 
changed into  the  urine  as  in  haemoglobinuria,  but  being  caught  and  stored,  in  an 
altered  form,  in  the  liver.  Hunter  has  found  that  a  poison,  toluylendiamin,  when 
injected  into  the  blood  of  animals,  induces  a  similar  destruction  of  red  corpuscles  in 
the  portal  circulation  and  a  similar  accumulation  of  iron  in  the  liver.  In  these 
experiments  also  there  was  no  haemoglobinuria.  On  the  analogy  of  this  poison,  it 
is  inferred  that  pernicious  anaemia  is  due  to  a  poison  absorbed  from  the  intestine. 
It  is  not  necessary  to  infer  that  the  destruction  of  the  red  corpuscles  occurs  in  the 
portal  vessels,  as  granular  pigment  in  the  general  circulation  is  known  to  be  de- 
posited by  preference  in  the  liver.  It  is  an  interesting  fact  that  the  transfusion  of 
human  blood  (with  phosphate  of  soda)  seems  not  only  to  relieve  the  symptoms  but 
also  to  stop  the  progress  of  the  disease  (Brakenridge). 

In  this  disease  there  is  a  marked  deficiency  in  number  in  the  red 


Fig.  18.— From  liver  in  pernicious  anaemia  after 
treatment  with  ferrocyanide  of  potassium.  The 
blue  colour  demarcates  the  lobules,    x  21. 
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corpuscles ;  they  have  been  found  to  number  as  few  as  500,000 
instead  of  5,000,000  in  the  cubic  millimetre.    Although  deficient  in 


Fig.  19. — Liver  in  pernicious  anaemia.    The  dark  granules  are  blue  in  the  specimen. 
They  are  in  the  cells  in  the  peripheral  parts  of  the  lobules,    x  100. 

number,  they  are  not  usually  defective  in  haemoglobin.  Besides  this 
the  red  corpuscles  present  marked  varieties  in  size  and  shape.  In 
most  cases  there  are  to  be  detected  in  the  blood  during  life,  small, 
globular,  deeply-coloured  red  corpuscles,  which  are  evidently  altered 
red  corpuscles.  These  have  been  named  Microcytes.  There  have 
also  been  observed  red  corpuscles  of  various  forms  (Poikilocytes). 
Nucleated  red  corpuscles  are  also  occasionally  present. 

The  condition  of  the  spleen  varies  considerably  ;  sometimes  it  is 
enlarged,  it  may  be  greatly  so,  sometimes  it  is  scarcely  at  all 
altered.  There  may  be  also  in  it  variously  altered  red  corpuscles,  as  in 
the  bone -marrow.    In  some  cases  the  lymphatic  glands  are  enlarged. 

Chlorosis  is  a  form  of  anaemia  which  occurs  in  females,  usually 
about  the  time  of  puberty.  The  condition  here  is  rather  that  of 
deficiency  of  haemoglobin  than  of  corpuscles,  as  the  latter,  although 
usually  deficient  in  number,  may  not  be  so.  The  achromatosis  may 
be  such  as  to  indicate  that  the  haemoglobin  is  reduced  to  a  half  or 
a  fourth  of  the  normal.  The  rapid  recovery  of  cases  of  chlorosis 
under  treatment  with  iron  is  consistent  with  the  fact  that  it  is  not 
so  much  replenishment  of  red  corpuscles  as  of  haemoglobin  that  is 
needed. 

The  occurrence  of  chlorosis  at  puberty  has  suggested  as  its  cause  some  defect  in 
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the  sexual  organs,  and  there  are  cases  in  which  the  uterus  or  ovaries  have  been 
imperfect  (Bokitansky).  But  in  the  majority  of  cases  this  is  not  so,  and  it  is  more 
probable  that  the  changes  at  puberty  develop  the  condition  by  throwing  an  extra 
strain  on  the  blood-forming  organs.  Virchow  has  observed  in  cases  of  chlorosis 
certain  congenital  defects  in  the  vascular  apparatus,  the  chief  of  which  are  narrow- 
ness and  thinness  of  the  aorta,  irregularity  in  the  origin  of  the  branches  from  the 
aorta,  and  smallness  of  the  heart.  The  narrowness  of  the  aorta  may  lead  to  com- 
pensatory hypertrophy  of  the  heart  in  the  same  way  as  a  narrowness  of  the  aortic 
orifice.  These  lesions  do  not  explain  the  chlorosis,  but  they  suggest  the  existence  of 
a  congenital  defect  in  the  vascular  system  which  may  extend  to  the  blood-forming 
organs,  and  may  cause  them  to  give  way  to  the  strain  of  puberty. 

Secondary  anaemias  are  generally  due  to  grave  exhausting  diseases, 
such  as  phthisis  pulmonalis,  ulcerating  cancers,  Hodgkin's  disease 
(which  is  also  called  anaemia  lymphatica),  leukaemia,  fevers,  albumin- 
uria, etc.  The  condition  of  the  blood  in  secondary  anaemia  is  usually 
that  of  hydramiia  or  hypalbuminosis  with  oligocythemia ;  the  blood 
is  watery  and  deficient  in  red  corpuscles,  but  the  remaining  cor- 
puscles are  generally  of  normal  colour. 

3.  The  condition  of  the  bone-marrow  in  anaemias.— In  almost  all 
forms  of  anaemia  the  bone-marrow  shows  alterations  which  vary  in 
different  cases,  and  are  most  extreme  in  advanced  cases  of  pernicious 
anaemia.  The  normal  bone-marrow  is  of  two  sorts:  the  red,  which  occu- 
pies all  the  bones  in  the  foetus  and  in  young  persons  ;  and  the  yellow, 
which  replaces  the  red  in  the  shafts  of  the  long  bones  in  adult  life, 
leaving  the  red  in  the  cancellous  tissue  of  the  short  bones  and  partly 
in  that  of  the  long  bones.  In  anaemias,  and  more  particularly  in  per- 
nicious anaemia,  there  is  a  recurrence  to  the  condition  of  red  marrow 
in  the  shafts  of  the  long  bones,  and  there  is  frequently  an  atrophy 
of  the  bony  lamellae,  so  as  to  accommo- 
date more  of  the  altered  marrow.  We 
have  thus,  instead  of  the  yellow  adipose 
marrow,  a  red  semi-fluid  substance  in 
which  there  may  be  no  adipose  cells, 
or  only  a  few.  As  the  normal  red 
marrow  is  evidently  an  active  tissue  as 
compared  with  adipose  tissue,  and  as  the 
abnormal  red  marrow  of  anaemias  is 
virtually  of  the  same  structure  as  the 
normal,  it  has  been  inferred  that  we 
have  here  a  hypertrophy  of  the  marrow.  As  the  marrow  is  to  be 
regarded  as  the  principal  source  of  the  red  corpuscles,  the  increase 
of  its  active  tissue  may  be  taken  to  imply  an  increased  formation 
of  red  corpuscles.     (See  further  under  Bones  aud  Joints.) 


Fig.  20.— From  Red  Medulla  of  bone 
in  Pernicous  Anaemia,  a,  Nucleated, 
red  corpuscles,  c,  A  red  corpuscle  with 
granular  nucleus,  b,  Large  nucleated 
cells,  being  eosinophil  cells,  forming 
the  bulk  of  the  altered  marrow. 
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In  the  altered  bone-marrow  there  is  an  increased  number  of 
nucleated  red  corpuscles  (Fig.  20  a,  c),  which,  again,  vary  greatly  in 
size,  some  of  them  reaching  large  dimensions.  There  are  also  large 
granular  cells  in  large  numbers,  and  many  of  these  are  eosinophil 
cells  which  are  normal  constituents  of  the  marrow. 

4.  Secondary  organic  changes  in  general  anemias. — The  altered 
condition  of  the  blood  commonly  induces  secondary  changes,  which 
are  not  peculiar  to  any  form  of  anaemia,  but  are  liable  to  be  more 
pronounced  the  greater  the  degree  and  the  longer  the  duration  of 
the  disease.  The  condition  of  the  blood  interferes  with  nutrition 
and  function,  and  the  most  definite  changes  are  degenerative,  more 
particularly  fatty  degeneration.  This  manifests  itself  chiefly  in  the 
heart,  but  it  also  occurs  in  the  walls  of  the  blood-vessels.  In 
chlorosis  and  other  anaemias  a  yellow  figuring  of  the  intima  of  the 
aorta  due  to  fatty  degeneration  is  frequently  observed.  (See  under 
Diseases  of  Blood-vessels.)  There  may  also  be  fatty  degeneration  of 
the  epithelium  of  the  kidneys  (frequent  in  phthisis  pulmonalis)  and 
of  the  hepatic  cells  in  the  liver.  There  is  also  in  some  cases  the 
change  in  the  bone-marrow  already  referred  to,  which  is  in  some 
measure,  at  least,  secondary. 

Experiments  on  dogs  show  that  successive  large  haemorrhages  rapidly  produce 
fatty  degeneration  of  the  muscle  of  the  heart.  The  author  met  with  a  case  in  man 
in  which  a  single  very  severe  haemorrhage  led  to  a  very  pronounced  fatty  degenera- 
tion of  the  heart,  having  the  usual  characteristic  naked-eye  appearances  of  that 
condition  (which  see). 

Literature. — Andral,  Essai  d'hematol.  path.,  1843;  Wunderlich,  Path.  Phys. 
des  Blutes,  1845  ;  Malassez,  De  la  numeration  des  globules  rouges  du  sang, 
1873;  Hayem,  Gaz.  Med.,  1876;  Arch,  de  Phys.,  1887;  Jones,  Amer.  Jour,  of 
Med.  Sc.,  1880;  Harris,  St.  Barth.  Hosp.  Eep.,  vol.  xx.,  1884;  Hoppe-Seyler, 
Phys.  chemie,  1881 ;  Gamgee,  Physiol,  chemistry,  vol.  i.  Uoe?noglobinuria — 
Lichtheim,  Volkmann's  Vortrage,  No.  134;  Lesser  (Burns),  Virch.  Arch.,  vol. 
lxxix. ;  Winkel,  Deutsch.  Med.  Wochenschr.,  1879,  No.  24;  Wickham  Legg,  St. 
Barth.  Hosp.  Eep.,  vol.  x.,  1874;  Forrest  and  Finlayson,  Glas.  Med.  Jour.,  1879; 
Ponftck,  Berl.  Klin.  Woch.,  1883,  No.  25.  Pernicious  Anfemia—Wn,Ks,  Guy's 
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Quincke,  Deutsch.  Arch.  Klin.  Med.,  xxv.,  xxvii.,  xxxiii. ;  Peters,  ibid.,  1878, 
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LEUKEMIA.  LEUCOCYTHzEMIA. 

These  terms  mean  literally  white  blood  and  white-cell  blood,  and 
they  express  a  condition  in  which  the  blood  is  light  in  colour,  from 
the  fact  that  the  white  corpuscles  are  in  great  excess.  The  excess  of 
leucocytes  is  expressed  by  the  term  Leucocythaemia,  originally  applied 
by  Bennett,  but  now  generally  discarded  for  Virchow's  term  Leuk- 
aemia. The  disease  is  not,  however,  fully  expressed  by  saying  that 
the  leucocytes  are  in  excess.  There  is  also  a  great  diminution  in  the 
red  corpuscles,  so  that  in  this  respect  the  condition  might  be  classed 
as  an  ansemia. 

Causation. — This  is  entirely  obscure.  There  have  been  a  few  cases 
in  which  an  injury  to  the  spleen  is  supposed  to  have  been  the  start- 
ing-point, while  others  have  been  ascribed  to  syphilis,  rickets,  malaria. 
The  disease  presents  many  features  which  suggest  analogies  with 
infective  diseases,  and  the  analogy  of  the  tissue  lesions  with  those  in 
Hodgkin's  disease,  which  belongs  to  that  class,  is  consistent  with  this 
view.  Cases  have  been  recorded  in  which  pernicious  anaemia  developed 
into  leukaemia  (Waldstein).  The  disease  is  twice  as  frequent  in  males 
as  in  females. 

Character  of  the  morbid  changes.  — The  normal  proportion  of  white 
corpuscles  to  red  in  the  blood  is  stated  as  about  1  in  300  to  1  in 
450,  but  it  varies  within  normal  limits.  There  is,  after  haemor- 
rhage, as  we  have  seen,  a  slight  increase  in  the  proportion  of  white 
corpuscles,  a  leucocytosis,  but  it  is  of  no  special  significance.  There 
is  also  an  excess  of  white  corpuscles  in  many  infectious  and  infective 
diseases,  as  pyaemia,  erysipelas,  relapsing,  typhoid,  and  intermittent 
fevers,  etc.  In  leukaemia,  however,  the  relative  proportion  of  white 
to  red  corpuscles  is  greatly  altered.  A  case  is  not  a  very  severe  one 
in  which  the  corpuscles  are  as  1  to  10,  and  they  may  be  as  1  to  2 
or  even  equal. 

The  blood  presents  considerable  varieties  in  leukaemia  in  respect 
to  the  characters  of  the  leucocytes  present.  According  to  Muir  two 
forms  are  distinguishable,  according  as  large  or  small  mononucleatecl 
cells  predominate. 

In  a  large  proportion  of  cases  there  is  a  great  excess  of  large 
leucocytes  with  oval  or  kidney-shaped  nuclei.  These  cells  may  con- 
tain neutrophil  granules  (which  are  not  normal  in  the  mononucleated 
leucocytes),  or  eosinophil  granules,  or  even  basophil  granules.  The 
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multinucleated  leucocytes  are  also  increased,  and  nucleated  red  corpuscles 
are  visible.  As  large  mononucleated  cells,  and  especially  eosinophil 
cells,  are  abundant  in  the  bone-marrow,  this  form  of  leukaemia  has  been 
regarded  as  primarily  due  to  changes  in  the  bone-marrow. 

In  a  smaller  proportion  of  cases  the  so-called  lymphocytes  prepon- 
derate. There  is  little  or  no  increase  in  the  multinucleated  form,  and 
the  large  mononucleated  corpuscles  are  scarcely  at  all  present.  There 
are  few  cells  except  the  lymphocytes,  and  hence  the  appearance  is 
much  more  uniform  than  in  the  other  variety.  It  might  be  supposed 
that  in  this  form  the  lymphatic  glands  would  be  the  chief  primary 
seats  of  the  disease,  but  there  is  reason  to  doubt  whether  this  is  always 
the  case  (Muir).  This  form  is  usually  more  quickly  fatal  than  the 
other,  the  anaemia  making  more  rapid  advances. 

In  leukemic  blood,  after  death,  there  are  found  small,  colourless, 
glancing  crystals  of  an  octahedral  shape,  which  are  usually  called  from 
4a  their  discoverer  Charcot's  crystals  (Fig.  21). 

There  are  also  certain  other  abnormal  chemical 
^  constituents,  chiefly  glutine  and  hypoxanthine. 

The  specific  gravity  of  the  blood  is  reduced  in 
consequence  of  the  low  specific  gravity  of  the 
leucocytes,  as  compared  with  the  red  corpuscles. 
It  may  fall  from  1055  to  1040  or  1035.  The 
blood  has  not  a  watery  appearance.  It  is  even 
a  thicker  fluid  than  usual  and  distinctly  more 
opaque,  resembling  a  mixture  of  pus  and  blood. 

Nature  of  the  disease. — Seeing  that  leuk- 
aemia is  characterized  by  a  great  diminution  in 
fr^gthe  biood'in^euSSia  tne  red  corpuscles  and  a  great  increase  in  the 
Ss  a*f  partly  ins'de  tE  white,  the  natural  inference  is  that  it  is  due  to 
white  corpuscles.  (Zenker.)  a  delayed  or  diminished  conversion  of  white 
into  red,  and  this  was  Virchow's  original  view. 
In  the  existing  obscurity  as  to  the  origin  of  the  red  corpuscles  this 
view  cannot  be  regarded  as  established.  The  disease  evidently  owes 
its  origin  to  a  grave  defect  in  the  formation  of  the  blood,  and  this  is  to 
be  associated  with  primary  changes  in  the  blood-forming  organs. 

Tissue  chang-es  in  leukaemia. — The  changes  in  the  blood  are 
associated  with  lesions  in  the  tissues,  some  of  which  are  generally 
regarded  as  primary,  and  some  as  secondary,  although  authors  are  not 
wanting  who  regard  all  the  tissue  changes  as  secondary  to  those  in 
the  blood.  The  primary  changes  affect  the  organs  which  are  generally 
believed  to  have  to  do  with  the  formation  of  the  blood-corpuscles, 
namely,  the  spleen,  the  lymphatic   glands,  and  the  bone-marrow. 
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Attempts  have  been  made  to  divide  the  cases,  according  as  the  lesions 
have  been  chiefly  in  one  or  other  of  these  organs,  into  a  splenic,  a 
lymphatic,  and  a  myelogenic  form,  but  this  division  can  hardly  be 
carried  out,  especially  as  the  bone-marrow  seems  to  be  affected  in 
nearly  all  cases. 

The  Spleen  is  affected  in  most  cases,  and  when  affected  it  is  in  all 
stages  enlarged.  The  enlargement  in  the  earliest  period  appears  to 
be  due  to  an  active  congestion,  and  is  accordingly  of  rapid  develop- 
ment. Rindfleisch  mentions  a  case  which  he  saw  at  Virchow's  demon- 
strations in  which  the  enlargement  had  been  so  rapid  as  to  cause  a 
rupture  of  the  capsule  of  the  spleen.  This  enlargement  is  merely 
from  overfilling  of  the  vessels,  but  it  is  succeeded  by,  or  develops 
into,  a  solid  enlargement.  The  Malpighian  bodies  of  the  spleen  have 
the  structure  of  lymphatic  follicles,  and  it  is  mainly  by  their  increase 
in  size  that  the  permanent  solid  enlargement  occurs.  There  is  thus 
a  great  increase  of  lymphoid  tissue.  The  spleen  becomes  converted 
into  a  hard,  dense,  bulky  organ,  sometimes  like  a  piece  of  wood.  It 
is  also  paler  than  normal,  and  we  can  often  see  the  enlarged  Mal- 
pighian bodies  as  whiter  areas  on  the  cut  surface.  In  addition,  there 
are  frequently  haemorrhages  in  the  spleen,  and  these  may  take  the 
form  of  the  regular  wedge-shaped  infarctions.  The  capsule  of  the 
spleen  is  greatly  thickened,  and  it  presents  not  infrequently  dense 
localized  thickenings  of  a  cartilaginous  consistence.  The  capsule  is 
often  firmly  adherent  to  the  diaphragm  and  other  neighbouring  struc- 
tures. The  greatly  enlarged,  dense,  and  heavy  organ  is  frequently 
dislocated  downwards  by  its  own  weight. 

The  Bone-marrow  undergoes  changes  which  in  some  respects  are 
similar  to  those  in  anaemias  (see  p.  73),  but  in  other  respects  are 
different.  Two  different  conditions  have  been  described,  one  in  which 
there  is  a  red  marrow,  as  in  pernicious  anaemia,  and  another  in  which 
the  marrow  is  pale,  so  as  to  resemble  solidified  pus.  There  is  also 
in  many  cases  an  increase  in  the  marrow  at  the  expense  of  the 
osseous  tissue,  as  in  anaemia.  The  transformed  marrow  consists  largely 
of  lymphatic  tissue  composed  of  small  round  cells  like  those  of  lym- 
phatic glands  (see  Fig.  22),  but  there  are  amongst  these  nucleated 
red  corpuscles,  and  sometimes  large  cells  such  as  one  shown  in  Fig.  23. 
Haemorrhages  and  infarctions  have  been  observed  in  the  altered  bone- 
marrow  as  in  the  spleen. 

The  lesion  in  the  Lymphatic  glands  consists  in  an  enlargement 
of  them.  This  begins  mostly  in  a  particular  set  of  glands  usually 
situated  externally,  as  in  the  axilla,  groin,  neck,  etc.,  and  spreads  to 
other  sets,  generally  first  to  those  nearest.    The  enlarged  glands  may 
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be  three,  five,  or  even  ten  times  their  normal  size,  but  there  is  no 
tendency  to  any  degeneration  of  their  tissue. 

In  the  Secondary  lesions  there  is  sometimes  also  a  new-formation 
of  lymphatic  tissue,  partaking  more  of  the  characters  of  tumour- 
formation,  as  it  may  occur  in  places  where  there  is  normally  no  such 


leukaemia,  from  the  cavity  of 


the  shaft  of  the  femur.    Ade-  Fig<  23.— Bone-marrow  in  leukaemia.    It  con- 

noid  reticulum  and  lymphoid  sists  chiefly  0f  lymphocytes  with  a  few  very  large 

cells  are  shown,    x  350.  cellg)  which  usually  have  several  nuclei,    x  460. 


tissue  present,  in  which  case  the  term  lymphoma  is  sometimes  applied 
to  the  new-formation.  More  frequently,  however,  there  is  merely  an 
infiltration  of  the  connective  tissue  of  organs  with  leucocytes.  These 
may  have  been  derived  from  the  blood,  but  they  appear  to  multiply 
in  situ  as  Bizzozero  has  observed  evidences  of  division  (karyomitosis) 
in  the  cells. 

The  Liver  is  nearly  always  enlarged,  and  microscopic  examination 
shows  a  great  accumulation  of  leucocytes  in  the  dilated  hepatic  capil- 
laries. There  is  also  in  most  cases  a  general  infiltration  of  the  capsule 
of  Glisson,  attaining  to  greater  intensity  at  certain  points,  but  it  may 
be  in  such  definitely  localized  areas  as  to  suggest  minute  tumours. 

The  Kidneys  are  not  infrequently  affected,  and  here  the  appearance 
to  the  naked  eye  is  often  as  if  the  organs  were  greatly  enlarged 
by  the  presence  of  large  pale  tumours  in  the  cortical  substance.  On 
microscopic  examination  (see  Fig.  24)  the  lesion  is  seen  to  consist 
in  an  enormous  infiltration  of  the  stroma  of  the  kidney  with  round 
cells,  the  proper  secreting  tissue  remaining,  but,  of  course,  greatly 
pressed  on.  This  infiltration  occurs  in  definite  areas,  as  if  some 
agent  had  addressed  itself  to  certain  defined  portions  of  the  organ. 
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The  Closed  follicles  of  the  intestines,  both  the  solitary  ones  and 
those  aggregated  in  Peyer's  patches,  may  be  enlarged,  and  as  they 
are  of  lymphatic  structure,  their  enlargement  is  a  simple  hyperplasia. 
This  is  not  of  frequent  occurrence,  and  still  less  frequent  is  the 
formation  of  leukemic  tumours  in  the  skin,  these  tumours  consisting 
of  infiltrations  of  round  cells. 


Fig.  24. — Kidney  in  leukaemia.    The  tubules  and  a  tuft  are  seen  ;  many  round  cells 
separating  and  obscuring  these  structures.     X  160. 

The  connective  tissue  in  other  regions  may  also  be  infiltrated.  The 
author  met  with  a  case  in  which  the  connective  tissue  of  the  media- 
stinum was  enormously  infiltrated,  so  that  the  tissue  formed  a  bulky 
tumour.  The  infiltration  extended  to  the  pericardium  much  in  the 
fashion  of  Hodgkin's  disease. 

It  is  proper  here  to  mention  that  in  Hodgkin's  disease  the  organic 
lesions  somewhat  resemble  those  of  leukaemia,  but  without  the  increase 
of  white  blood  corpuscles,  the  blood  being  simply  anaemic.  There  is 
great  enlargement  of  the  spleen  and  of  the  lymphatic  glands,  consisting 
as  in  leukaemia  in  a  new-formation  of  lymphatic  tissue. 

Literature. — Ehrlich,  Arch.  f.  Anat.  u.  Phys.,  1879;  Zeitschr.  f.  Klin.  Med., 
1880,  Charite-Annal.,  1884,  and  various  other  papers;  Virchow,  Froriep's  Notizen, 
1845,  Gesam.  Abhandl.,  p.  190;  Bennett,  Ed.  Monthly  Journal,  1850-51,  and 
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Leucocythaemia,  1852;  Trousseau,  Gaz.  des  hop.,  1858;  Mosler,  Die  Path.  d. 
Leukjimie,  1872,  and  Virch.  Arch.,  vol.  lxxv.  ;  Neumann,  Myelogene  Leukamie ; 
Berl.  Klin.  Wochenschr,  1878,  No.  6 ;  Waldstein,  Virch.  Arch.,  vol.  xci. ;  Biesia- 
decki,  Wien.  Med.  Jahrb.,  1876,  p.  234;  Ponfick,  Virch.  Arch.,  vol.  lxvii;  Bizzozero, 
Virch.  Arch.,  vol.  xcix;  Zenker,  Arch.  f.  Klin.  Med.,  xviii.;  Muir,  Journ.  of  Path., 
1892,  i.  123  ;  Limbeck,  Centralbl.  f.  Allg.  Path.,  II.  922. 

Abnormal  Constituents  in  the  Blood. 

We  include  here  conditions  in  which,  with  or  without  alterations 
in  the  corpuscles  or  blood  plasma,  substances  are  present  in  the  blood 
other  than  its  normal  constituents.  These  substances  are  either  sus- 
pended or  dissolved  in  the  plasma. 

1.  Melanaemia. — By  this  name  is  meant,  literally,  black  blood.  It 
is  used  to  designate  a  condition  in  which  pigment  occurs  abnormally 
in  the  blood  and  is  deposited  in  the  tissues.  The  pigment  is  in  the 
form  of  solid  granules,  and,  although  black  in  colour,  it  is  derived 
from  the  blood  pigment,  and  contains  iron.  It  is  met  with  in  cases 
of  malarial  fever,  but  not  in  every  case,  as  a  rule  only  in  the  more 
severe  forms.  The  origin  of  this  pigment  has  been  determined  by 
Laveran  to  be  the  colouring  matter  of  the  blood  altered  and  set  free 
by  the  parasite,  which  is  the  cause  of  malarial  fevers. 

When  the  pigment  gets  into  the  blood  it  is  rapidly  taken  up  by 
the  white  blood-corpuscles,  so  that  these  appear  in  the  blood  as 
pigmented  cells.  These  pigmented  cells  are  often  larger  than  normal 
white  corpuscles,  being  enlarged  by  their  abnormal  contents.  It  will 
thus  be  seen  that  very  little  free  pigment  will  be  present  in  the 

blood  except  immediately  after 
the  acute  paroxysm,  the  white  cor- 
puscles picking  up  the  solid  gran- 
ules just  as  they  do  when  a  solid 
pigment,  such  as  vermilion,  is 
artificially  introduced  into  the 
blood  of  an  animal  (see  Fig.  25). 
The  white  corpuscles  containing 
the  pigment  accumulate  in  certain 
organs,  especially  the  spleen,  liver, 
and  bone-marrow.  In  the  spleen 
and  bone-marrow  the  pigmented 
cells  appear  to  leave  the  capillaries  readily,  and  pass  into  the  tissues, 
producing  an  actual  pigmentation  of  them,  but  in  the  liver  they 
linger  longer  in  the  capillaries, '  which  may  be  seen  with  many  such 
corpuscles  in  them,  although  here  also  the  latter  may  pass  out  into 


Fig.  25. — White  blood-corpuscles  of  the  frog, 
containing  granules  of  vermilion,  and  showing 
amoeboid  movement.    (After  Klein:) 
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the  surrounding  tissue.  In  very  severe  cases,  other  organs  and 
tissues  may  be  pigmented  in  this  way.  The  brain  is  very  often 
pigmented,  especially  in  cases  where  there  has  been  much  cerebral 
excitement.  The  kidneys  are  sometimes  the  seat  of  it  as  well  as 
other  tissues,  such  as  pancreas,  intestine,  etc. 

This  abnormal  pigmentation  of  course  produces  changes  in  the 
colour  of  the  organs  affected.  The  spleen  is  slaty-grey  or  almost 
black,  the  liver  is  steel-grey  or  blackish,  the  grey  substance  of  the 
brain  is  of  a  dark  chocolate  or  graphite  colour,  and  the  kidneys 
present  greyish  spots. 

Literature. — Arnstein,  Virch.  Arch.,  vol.  lxi.,  p.  494;  Mosler,  Virch.  Arch.,  vol. 
lxix.,  p.  369 ;  Laveran,  Paludism,  New  Syd.  Soc.  trans.,  1893. 

2.  Lipaemia.  Piarrhsemia. — These  names  designate  a  condition  in 
which  fat  is  abnormally  present  in  the  blood. 


Fig.  26.— Blood  in  lipsemia.    Photogram  made  from  fresh  blood.    The  larger  circles 
towards  the  margins  are  red  corpuscles.    The  smaller  bodies  are  fat  drops,    x  800. 

There  is  a  certain  quantity  of  free  fat  in  the  blood  normally,  and 
after  a  meal  it  may  be  somewhat  abundant.  In  lipaemia,  however, 
there  is  so  much  fat  present  as  to  give  the  blood  a  peculiar  milky 
appearance  to  the  naked  eye.  Under  the  microscope  the  fat  is  visible 
as  fine  fat  drops  (see  Fig.  26),  which  are  free  or  else  enclosed  in  cells. 
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The  fat  may  be  present  (in  some  cases  of  diabetes)  in  such  quantity 
as  to  alter  the  entire  appearance  of  the  blood.  Thus  the  blood  in 
the  vessels  will  present  opaque  white  portions  where  the  fat  has  come 
to  the  surface  like  cream.  The  fat  is  generally  finely  divided,  but 
it  may  be  caught  in  the  fine  arteries  and  capillaries  of  the  lungs  (see 
Fig.  27),  the  brain,  the  kidney  (Fig.  28),  and  the  liver.    It  is  readily 


monary  artery,  and  bb,  in  capillaries.    (Saunders  and  Hamilton.) 


detected  in  the  glomeruli  of  the  kidney,  and  it  may  pass  thence  into 
the  urine,  constituting  a  form  of  chyluria. 

Lipaemia  has  been  met  with  in  its  most  aggravated  form  in  diabetes, 
but  it  also  occurs  as  a  consequence  of  alcoholism,  in  some  cases  of 
dyspnoea,  and  in  relapsing  fever.  The  source  of  the  fat  is  obscure. 
By  some  it  is  believed  that  it  is  the  fat  of  the  food  which  is  not 
oxidized  and  so  accumulates,  but  this  is  not  a  probable  explanation. 
A  more  probable  one  is  that  it  arises  by  fatty  degeneration  of  the 
endothelium  of  the  blood-vessels  in  the  spleen  and  elsewhere,  and 
perhaps  it  does  so  in  some  forms  of  lipaemia.  The  enormous  amount 
of  fat  found  in  some  cases  of  diabetes,  however,  precludes  the  idea 
that  it  can  be  derived  from  a  fatty  degeneration  of  the  endothelium. 
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In  some  such  cases,  almost  the  entire  blood  has  a  milky  appearance. 
The  only  probable  explanation  of  this  seems  to  be  that  the  sugar 


  ^Mlfaigfe  M'^     

Fig.  28. — Kidney  in  leukaemia,  from  preparation  stained  with  osmic  acid.  The 
dark  spots  are  fat  drops,  which  are  contained  in  the  capillary  vessels.     X  4(50. 

which  is  present  in  the  blood  in  diabetes  in  large  quantities  has  been 
replaced  by  or  converted  into  fat. 

Ponfick  found,  in  cases  of  relapsing  fever,  cells  in  a  complete  state  of  fatty 
degeneration  in  the  blood,  especially  in  that  of  the  splenic  and  portal  veins.  These 
cells  were  endothelial  cells  of  blood-vessels,  which  in  consequence  of  becoming 
fatty  were  readily  separated  and  carried  off  by  the  blood.  The  author  observed 
in  a  case  of  diabetes  with  extreme  lipaemia  a  very  striking  fatty  degeneration  of  the 
endothelium  of  the  splenic  pulp,  so  that  the  organ  as  a  whole  presented  an  opaque 
pinkish  appearance  suggestive  of  salmon  roe.  The  fatty  degeneration  was  ob- 
served in  the  endothelium  of  the  capillaries  of  the  liver  and  elsewhere,  but  not 
to  such  an  extent  as  in  the  spleen.  In  another  case  these  conditions  were  present 
but  less  marked.  In  these  cases,  however,  there  was  no  appearance  in  the  blood 
of  free  cells  presenting  fatty  degeneration.  Looking  to  the  fact  that  in  kidneys, 
spleen,  brain,  liver,  lungs,  and  elsewhere,  the  blood  was  occupied  by  very  finely 
divided  fat,  the  only  probable  conclusion  seems  to  be  that  a  constituent  of  the 
liquor  sanguinis  had  become  converted  into  fat ;  the  only  constituent  capable  of 
such  a  conversion  is  the  grape  sugar. 

Hamilton  and  Saunders  suggested  that  the  coma  which  frequently  marks  the 
fatal  termination  of  diabetes,  may  be  due  to  the  accumulation  of  fat  in  the  blood. 
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One  cannot  but  believe  that  the  lesion  must  have  an  important  effect  on  the 
function  of  the  blood,  but  there  is  sufficient  evidence  to  show  that  diabetic  coma 
often  occurs  independently  of  lipjemia. 

Literature. — Saunders  and  Hamilton,  Edin.  Med.  Jour.,  July,  1879;  Christison, 
Edin.  Med.  and  Surg.  Jour.,  vol.  xxxii.,  1830 :  Huss,  Der  chron.  Alkoholismus, 
1852;  Lancereaux,  Traite  d'anat.  path.,  vol.  ii.;  Ponfick,  Virch.  Arch.,  vol.  lx.T 
pp.  166,  169 ;  Coote,  Lancet,  Sept.,  1860.    See  also  under  Diabetes. 

3.  Uraemia  and  Lithsemia. — These  terms  designate  conditions  in 
which  two  constituents  of  the  urine,  namely,  urea  and  uric  acid  or 
its  salts,  are  present  in  excess  in  the  blood.  Uraemia  is  more  a  clinical 
than  a  pathological  term,  however,  and  is  used  to  distinguish  a  group 
of  symptoms  whose  relation  to  disease  of  the  kidneys  will  be  considered 
further  on.  Lithsemia,  or  an  excess  of  uric  acid  or  urates  in  the 
blood,  is  believed  to  have  to  do  with  the  causation  of  gout,  in  which 
disease  there  is  a  deposition  of  these  salts  in  the  tissues,  chiefly  those 
of  the  joints  and  kidneys. 

4.  Diabetes  mellitus. — This  term  is  applied  to  a  disease  character- 
ized by  an  excessive  excretion  of  grape  sugar  or  glucose  by  the  urine. 
The  condition  of  the  urine  is  expressed  by  the  term  Glycosuria.  In 
diabetes  there  is  a  prolonged  and  severe  glycosuria.  As  the  sugar 
passes  into  the  urine  from  the  blood,  there  must  first  be  an  excess 
in  the  latter,  so  that  Glycossemia  is  presupposed.  The  normal  blood 
and  urine  contain  a  small  amount  of  sugar,  in  diabetes  it  is  excreted 
in  enormous  amounts,  as  much  as  25  ounces  in  the  day. 

Experimental  production  of  Glycosuria. — Bernard  discovered  that 
injury  to  a  particular  part  of  the  medulla  oblongata  produced  gly- 
cosuria. It  has  also  been  produced  experimentally  by  the  infusion 
of  large  quantities  of  watery  solution  of  common  salt  into  the  blood, 
by  inhalation  of  nitrite  of  amyl,  ligature  of  the  portal  vein,  and 
more  recently  by  extirpation  of  the  pancreas. 

In  actual  cases  of  diabetes  lesions  of  the  central  nervous  system 
have  been  observed,  such  as  injuries,  tumours,  softenings  of  the  brain, 
as  well  as  certain  mental  diseases.  There  has  been  also  a  considerable 
number  of  cases  in  which  disease  of  the  pancreas  has  been  found, 
chiefly  atrophy,  concretions,  tumours,  and  inflammations.  There 
remain,  however,  many  cases  in  which  no  lesion  is  discoverable. 

The  Source  of  the  sugar  is  probably  the  glycogen,  which  is  of 
normal  occurrence  in  the  liver,  muscles,  and  other  structures.  This  sub- 
stance is  evidently  of  much  importance  in  the  economy.  It  is  readily 
converted  into  sugar,  and  glycosuria  probably  arises  by  its  abnormal 
conversion  and  consequent  discharge.  As  the  chief  seat  of  the  glycogen 
is  the  liver,  so  this  is  also  the  place  where  the  abnormal  conversion 
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takes  place.  This  is  proved,  at  least  in  the  experimental  production 
of  glycosuria,  by  infusion  of  salt  solution.  As  this  experiment  pro- 
ceeds, the  glycogen  of  the  liver  undergoes  conversion  into  sugar,  and 
passes  out  into  the  blood  till  the  whole  glycogen  is  converted  and  dis- 
charged. The  glycosuria  then  ceases.  As  sugar  is  crystalloid  whilst 
glycogen  is  colloid,  the  former  readily  diffuses  into  the  blood. 

The  Nature  of  the  process  concerned  is  still  somewhat  obscure. 
The  conversion  of  glycogen  into  sugar  would  explain  it  so  far.  Such 
a  conversion  would  cause  a  dearth  of  glycogen  in  the  system,  and  a 
consequent  increase  in  the  formation  of  glycogen.  The  conversion 
of  the  increased  supply  of  glycogen  into  sugar  would  account  for  the 
great  excess  of  sugar  and  the  progressive  character  of  the  disease. 
The  explanation  of  this  conversion  of  the  glycogen  into  sugar  is  more 
doubtful.  Most  of  the  methods  of  experimental  production  of  glyco- 
suria imply  disturbance  of  the  vaso-motor  system,  either  by  injury  to 
its  centre  in  the  brain  or  by  interference  with  the  distribution  of  the 
blood.  By  some  the  supply  of  an  arterialized  instead  of  a  venous  blood 
to  the  liver  has  been  ascribed  as  the  cause,  this  being  effected  by 
means  of  an  active  hypersemia  of  the  abdominal  organs,  so  that  the 
blood  passes  quickly  through  these  organs  and  on  into  the  portal  vein. 
The  part  played  by  pancreatic  lesions  has  been  explained  by  some  on 
similar  grounds.  The  pancreas  is  close  to  the  coeliac  plexus  and  semi- 
lunar ganglion,  and  these  structures  may  be  involved  in  lesions  of 
the  pancreas.  On  the  other  hand,  it  has  been  suggested  that  the 
pancreas  has  as  one  of  its  functions  the  secretion  of  a  glycolytic 
ferment,  in  whose  absence  by  disease  or  extirpation  of  the  organ  the 
sugar  is  not  used  up. 

Most  of  the  known  facts  may  be  held  as  indicating  that  diabetes 
depends  on  the  liver  being  supplied  with  blood  of  an  abnormal  char- 
acter and  at  an  accelerated  rate  of  speed.  The  congestion  of  the 
liver  depends  on  abnormal  nervous  arrangements,  and  these  may  be 
local,  affecting  the  coeliac  plexus,  or  possibly  situated  in  the  central 
nervous  system. 

In  regard  to  the  other  changes  in  diabetes  mellitus,  little  has  to  be 
said.  The  tissues  appear  to  be  peculiarly  vulnerable ;  wounds  heal 
badly,  inflammations  are  generally  very  severe,  often  going  on  to  sup- 
puration and  gangrene,  phthisis  pulmonalis  often  closes  the  scene,  and 
is  frequently  very  acute.  General  emaciation  is  a  striking  feature  in 
advanced  cases.  The  kidneys  may  be  found  enlarged  and  their  epi- 
thelium fatty,  but  this  has  no  direct  connection  with  the  essential 
pathology  of  the  affection.  Lipsemia,  as  we  have  seen,  sometimes 
occurs,  but  only  in  a  small  percentage  of  cases. 
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Literature. — Claude  Bernard,  many  separate  articles  and  a  general  work,  Lecons 
sur  le  Diabete,  1877;  Schiff,  Zuckerbildung  in  d.  Leber,  etc.,  1859;  Seegen,  Der 
Diabetes  mellitus,  1875 ;  Senator  in  Ziemssen's  Encyclopaedia ;  Frerichs,  Ueber 
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und  Litten,  Virch.  Arch.,  vol.  lxvii. ;  Becklinghausen,  Virch.  Arch.,  vol.  xxx. ; 
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Med.,  1884;  Hale  White,  Path.  Soc.  trans.,  vol.  xxxvi.,  1885;  Mering  and 
Minkowski  (Extirpation  of  Pancreas),  Arch.  f.  exper.  Pathol.,  vol.  xxvi.,  1890  ; 
Lepine,  Arch,  de  med.  exper.,  iii.,  1891 ;  Hedon,  ibid. 
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SECTION  IV. 

AFFECTIONS  OF  THE  CIRCULATION  AND  DISTRIBUTION 

OF  THE  BLOOD. 

Physiology  of  the  Circulation. — Innervation  of  Arteries,  etc.    Local  Hyperemia. 

— I.  Active  hyperemia;  caused  chiefly  by  dilatation  of  arteries;  phenomena. 
II.  Passive  hyperemia ;  caused  chiefly  by  weakness  of  heart  or  venous 
obstruction.  Phenomena,  including  diapedesis,  oedema,  etc.  Local  Anaemia 
or  Ischsemia  ;  chiefly  from  obstruction  of  arteries.  Thrombosis.  Coagula- 
tion of  the  blood.  The  process  of  thrombosis  shown  by  experiment ;  char- 
acters and  forms  of  thrombi.  Causation,  from  stagnation  of  blood  ;  from 
alteration  of  wall.  Growth  of  thrombi.  (Absence  of  thrombosis  from 
capillaries.)  Changes  in  thrombi,  chiefly  softening  and  organization. 
Results  of  thrombosis.  Embolism,  Causation,  chiefly  by  thrombosis. 
Phenomena,  in  (1)  Arteries  with  free  anastomosis  ;  (2)  Arteries  with  im- 
perfect anastomosis  (End  arteries)  ;  in  them,  (a)  Engorgement  of  vessels, 
(A)  Haemorrhage,  and  (c)  Necrosis  ;  disposal  of  infarction.  Special  forms 
of  embolism,  malignant  tumours,  fat;  air,  and  infective.  Haemorrhage  ;  by 
rupture  or  by  diapedesis  ;  causation  various  ;  stilling  of  haemorrhage  ;  seats 
of  effusion  and  disposal  of  the  blood.  (Edema  and  Dropsy,  depend  on  the 
lymphatic  circulation.  Causation  and  nature  of  process  ;  rarely  from 
lymphatic  obstruction  ;  usually  from  passive  hyperemia ;  hydremia  and 
hydnemic*  plethora  as  causes,  especially  in  Bright's  disease;  nervous  influ- 
ences in  causation.    Position  and  character  of  exudation. 

Physiology  of  the  Circulation. — In  the  distribution  of  the  blood  the 
capillaries  and  veins  may  be  regarded  as  virtually  passive  channels. 
They  are  able  to  accommodate  more  or  less  blood  according  to  cir- 
cumstances, but  of  themselves  they  have  probably  little  to  do  with 
the  variations  in  the  supply.  The  supply  of  blood  to  the  tissues 
varies,  chiefly  according  to  their  needs ;  the  brain  or  muscle  while 
working  requires  and  gets  a  fuller  and  more  rapid  supply  of  blood 
than  when  at  rest.  This  supply  is  regulated  by  the  arteries ;  when 
they  dilate  more  blood  passes  into  the  capillaries  and  on  to  the 
veins,  and  when  they  contract  less  blood  reaches  the  capillaries  and 
veins.  We  may  regard  the  arteries  as  regulating  the  supply  of  blood, 
the  capillaries  as  distributing  the  blood,  bringing  it  within  reach 
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of  the  elements  of  the  tissues,  and  the  veins  and  lymphatics  as 
carrying  it  off.  The  amount  of  blood  admitted  by  the  arteries  de- 
pends on  the  state  of  contraction  or  relaxation  of  the  muscular  fibre- 
cells  in  the  middle  coat,  and  this,  like  all  other  muscular  actions,  is 
under  the  command  of  the  nervous  system.  When  the  vaso-motor 
nerves  are  stimulated  the  muscular  coat  contracts,  when  these  nerves 
are  paralyzed  it  relaxes,  and  when  a  moderate  amount  of  stimulus 
is  supplied,  then  we  have  that  state  of  moderate  contraction  to  which 
the  name  of  Tonicity  is  applied. 

Innervation  of  Arteries. — Constriction  of  vessels  is  brought  about 
by  stimulation  of  a  special  set  of  nerve-fibres,  the  vaso-constridors. 
These  have  been  shown  to  exist  in  the  sympathetic  nerves,  and  also 
in  the  cerebro-spinal  nerves  of  the  extremities,  where  they  are  per- 
haps derived  from  the  sympathetic  system.  Division  of  constrictor 
nerve-fibres  will  induce  relaxation  of  arteries,  because  it  will  remove 
the  stimulation  which  keeps  up  their  tonicity. 

Bernard's  discovery  of  the  fact  that  electric  stimulation  of  the 
chorda  tympani  causes  dilatation  of  the  vessels  of  the  submaxillary 
gland  proved  the  existence  of  vaso-dilator  fibres,  and  further  observa- 
tion seems  to  prove  that  both  kinds  of  fibres  pass  to  the  vessels  in 
all  parts  of  the  body.  Both  kinds  probably  belong  to  the  sympa- 
thetic system. 

These  facts  have  suggested  that  the  regulation  of  the  calibre  of 
arteries  is  effected  by  the  nerves  through  the  intermediate  action  of 
local  nervous  ganglia  in  or  near  the  walls  of  the  arteries.  Arteries 
may  be  compared  in  their  innervation  as  well  as  in  their  structure 
to  the  heart.  The  heart  has  intrinsic  ganglia  and  it  has  accelerator 
fibres  derived  from  the  sympathetic  which  stimulate  these  ganglia, 
and  inhibitory  fibres  from  the  vagus  which  depress  them.  Nervous 
ganglia  have  been  discovered  in  the  neighbourhood  of  a  few  arteries, 
chiefly  those  of  the  submaxillary  gland  and  the  penis,  but  the 
arteries  generally  are  surrounded  by  a  close  plexus  of  nerves,  and 
the  facts  of  the  case  can  only  be  explained  on  the  assumption  of 
local  centres.  A  further  proof  of  this  is  to  be  found  in  the  fact  that 
when  arteries  are  cut  off  from  all  central  connections  they  are  still 
capable  of  varying  their  calibre.  If  the  sciatic  nerve  in  a  frog  is 
divided,  the  arteries  indeed  dilate,  but  after  a  time  they  resume,  at 
least  partially,  their  state  of  tonicity,  and  are  capable  of  still  further 
variations.  Again,  an  excess  of  carbonic  acid  in  the  blood  will  cause 
arteries  to  contract  after  all  their  central  connections  have  been  severed, 
and  they  may  be  made  to  dilate  by  means  of  chloral  or  atropine. 

The  vaso-motor  nerves  are  known  to  run,  to  a  large  extent  at  least, 
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in  the  sympathetic  system,  and  they  are  under  the  influence  of  the 
sympathetic  ganglia.  The  sympathetic  system,  however,  is  not  an 
independent  one,  and  the  proper  vaso-motor  centres  are  in]  the  spinal 
cord  and  medulla  oblongata,  with  which  the  sympathetic  has  numerous 
communications.  Most  of  the  physiological  variations  in  the  calibre 
of  the  vessels  are  brought  about  by  reflex  action,  and  the  reflex 
centres  are  situated  in  the  cord  and  medulla.  From  these  centres 
there  seems  to  pass  a  continuous  slight  stimulation  inducing  that 
moderate  contraction  which  we  name  tonicity.  If  the  connection  be 
severed  the  tonicity  ceases,  the  arteries  dilate.  There  is  a  general 
centre  for  the  whole  vaso-motor  system  in  the  medulla  oblongata. 
When  this  is  stimulated  the  arteries  throughout  the  body  contract. 
When  it  is  destroyed  the  arteries  in  the  body  dilate.  But  without 
being  destroyed  the  centre  may  be  paralyzed  or  inhibited.  It  is 
inhibited  by  the  inhalation  of  nitrite  of  amyl,  and  the  arteries  dilate. 
It  may  also  be  inhibited  by  the  stimulation  of  a  nervous  branch 
which  passes  upwards  from  the  heart,  the  depressor  nerve.  This 
general  centre,  therefore,  has  nervous  connections  of  a  kind  similar 
to  the  local  ganglia. 

Literature. — A  very  good  historical  account  of  the  physiology  of  the  vessels 
is  that  in  Von  Recklinghausen's  Handbuch  der  allgemeinen  Pathologie,  1883,  p.  4 
et  seq.  See  also  Hunter,  On  the  blood,  inflammation,  and  gunshot  wounds,  1793, 
Palmer's  ed.,  vol.  hi.,  p.  145  ;  Henle,  Pathologische  Untersuchungen,  1840 ;  Hand- 
buch d.  rationellen  Pathologie,  1846  ;  Bernard,  several  series  of  Lecons,  1858-1876  ; 
Lister  (who  inferred  the  existence  of  peripheral  ganglia),  Phil.  Trans,  for  1858, 
vol.  cxlviii.;  Waller,  Proceedings  of  Roy.  Soc,  1862.  Cyon  &  Ludwig,  Ludwig's 
Arbeiten,  1866  and  1867  ;  Vulpian,  Lecons  sur  l'appar.  vasomot.,  1875  ;  Stilling, 
Jenaische  Annalen,  1851.  Saviotti,  Virchow's  Archiv,  L,  1870  ;  Golz,  Virchow's 
Archiv,  vols,  xxvi.,  xxviii.,  and  xxix. 

LOCAL  HYPEREMIA. 

This  term  is  applied  to  conditions  in  which  the  vessels,  and  especi- 
ally the  capillaries,  contain  an  excess  of  blood.  Two  forms  are 
distinguished  according  as,  on  the  one  hand,  the  blood  is  too  freely 
admitted  by  the  arteries,  or,  on  the  other,  meets  with  some  obstacle 
to  its  passage  by  the  veins.  These  are  called  respectively  active  or 
arterial  and  passive  or  venous  hyperemia. 

I. — ACTIVE  OR  ARTERIAL  HYPEREMIA.    ACTIVE  CONGESTION. 

This  occurs  when  an  excess  of  blood  is  admitted  by  the  arteries  into 
a  part.  The  terms  atonic  and  arterial  hyperemia  are  synonymous 
with  active  hyperemia,  as  are  also  fluxion  and  determination  of  blood. 
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Causation. — Active  hyperemia  is  brought  about  chiefly  by  causes 
which  induce  dilatation  of  the  arteries,  although  a  local  increase  of 
blood-pressure,  by  forcing  more  blood  into  the  arteries,  will  have  a 
similar  effect. 

Local  increase  of  blood-pressure  is  not  of  frequent  occurrence, 
because  as  a  general  rule  the  vessels  are  so  completely  under  the 
regulation  of  the  nervous  system  that  a  rapid  accommodation  is  readily 
effected  by  contraction  of  the  arteries.  If  the  arteries  be  diseased, 
however,  so  that  their  walls  are  rendered  rigid  (as  by  atheroma)  then 
variations  in  blood-pressure  will  not  be  readily  compensated.  Hence 
in  old  people,  whose  cerebral  arteries  are  atheromatous,  temporary 
increase  of  blood-pressure  may  cause  congestion  of  the  brain. 

Collateral  hyperemia  might  be  supposed  to  be  due  to  a  local 
increase  of  blood-pressure.  It  occurs  when  in  consequence  of  ob- 
struction of  an  artery,  or  otherwise,  the  blood  supply  is  diminished 
in  one  locality,  with  the  result  that  there  is  an  increase  in  the  amount 
of  blood  in  another,  generally  a  neighbouring  locality.  Doubtless  an 
obstruction  in  an  artery  leads  to  increase  of  pressure  in  the  arteries 
proximal  to  the  obstruction,  and  there  may  be  a  resulting  hyperemia 
of  neighbouring  parts  which  will  assist  in  establishing  an  anastomotic 
circulation.  But  the  problem  is  not  always  so  simple  as  this.  The 
arteries  are  so  completely  under  the  command  of  the  nervous  system 
that  the  site  of  the  collateral  hyperaemia  is  frequently  at  a  certain 
distance  from  that  of  the  anaemia,  and  is  determined  not  by  increase 
of  blood-pressure  but  by  relaxation  of  arteries.  Thus  obstruction  of 
one  renal  artery  will  induce  collateral  hyperaemia  in  the  kidney  of 
the  opposite  side. 

Dilatation  of  arteries  so  as  to  lead  to  active  hyperaemia  is  brought 
about  in  several  different  ways.  It  may  be  due  to  purely  local 
causes,  or  to  an  action  on  the  vaso-motor  nerves  or  vaso-motor  nerve- 
centres. 

As  examples  of  dilatation  of  arteries  from  Local  causes  may  be 
cited  cases  in  which  the  sudden  withdrawal  of  pressure  induces  local 
hyperaemia.  When  the  abdomen,  for  instance,  is  the  seat  of  a  collec- 
tion of  fluid,  pressure  is  exercised  on  the  vessels,  and  the  arteries 
will  relax  as  completely  as  possible  to  allow  the  blood  to  overcome 
the  pressure  from  without.  But  if  the  fluid  in  the  abdomen  be 
suddenly  removed,  the  pressure  outside  the  vessels  will  be  greatly 
reduced,  and,  till  the  arteries  have  time  to  contract,  there  will  be  an 
active  hyperaemia.  This  effect  of  the  sudden  removal  of  pressure  is 
generally,  at  least  in  part,  obviated  by  the  application  of  a  bandage. 
On  similar  principles  removal  of  large  ovarian  tumours  that  have 
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pressed  on  the  kidneys  and  renal  arteries  sometimes  leads  to  active 
hyperemia  of  the  kidneys,  which  may  be  accompanied  by  albuminuria. 

Other  examples  of  active  hyperemia  due  to  local  causes  are  afforded 
by  the  application  of  warmth  to  the  surface  of  the  body  as  by  poul- 
tices, the  result  being  a  direct  dilatation  of  the  cutaneous  arteries. 
Mechanical  irritation  of  the  skin,  as  by  stroking  it,  usually  induces, 
first  a  contraction  of  the  arteries,  evidenced  by  paleness,  and  then  a 
dilatation,  shown  by  a  red  streak.  Similarly,  chemical  irritants  pro- 
duce dilatation,  sometimes  preceded  by  contraction,  the  dilatation 
leading  to  active  hyperemia,  which,  in  this  case,  may  be  the  first 
phenomenon  of  inflammation.  Again  a  mere  temporary  deprivation 
of  blood  may  induce  dilatation  of  arteries  and  a  local  hyperemia. 
Thus  in  surgical  operations,  when  the  circulation  has  been  suspended 
by  the  application  of  an  elastic  bandage,  the  removal  of  the  latter  is 
often  followed  by  an  active  hyperemia. 

Active  hyperemia  due  to  causes  influencing  the  Vaso-motor  nerves 
may  be  produced  by  paralysis  of  the  vaso-constrictors  or  by  irritation 
of  the  vaso-dilators.  Injury  or  disease  of  the  sympathetic  nerve  in 
the  neck  is  sometimes  followed  by  unilateral  congestion  of  the  face, 
and  by  unilateral  sweating  together  with  narrowing  of  the  pupil, 
smallness  of  the  eyeball  and  ptosis,  these  all  being  signs  of  paralysis 
of  the  sympathetic. 

Such  cases  have  been  described  by  Weir  Mitchell  and  others  as  following  gun- 
shot wounds,  etc.,  and  by  Hutchinson  as  the  consequences  of  fractures  of  the 
clavicle ;  but  some  of  the  manifestations,  at  least,  may  ensue  from  the  pressure 
of  tumours,  or  aneurysms,  or  the  extension  of  abscesses,  tuberculosis,  etc. ,  to 
the  neighbourhood  of  the  sympathetic  in  the  neck. 

In  certain  forms  of  neuralgia,  especially  in  hemicrania,  the  phenomena  indicate 
first  an  irritation  and  then  a  paralysis  of  the  vaso-constrictors.  Du  Bois-Reymond 
by  analysis  of  his  own  symptoms  in  such  attacks  came  to  this  conclusion.  In 
his  case  there  was  redness  of  the  external  ear  ;  in  other  cases  redness  of  the 
retina  has  been  observed.  The  temperature  as  tested  by  the  thermometer,  in  the 
external  meatus,  is  usually  raised,  both  in  the  neuralgic  cases  and  those  due  to 
injury. 

There  are  comparatively  few  cases  of  active  hyperemia  which  can 
be  directly  referred  to  irritation  of  the  vaso  dilators,  but  after  wounds 
of  nerves,  there  sometimes  occur  during  the  process  of  healing,  severe 
attacks  of  pain  accompanied  by  redness  and  elevation  of  temper- 
ature, which  seem  only  explicable  on  the  supposition  that  the  vaso- 
dilators are  irritated.  These  phenomena  are  sometimes  followed  by 
trophic  disturbances,  more  particularly  the  "glossy  skin"  of  Paget. 

Paralysis  of  Vaso-motor  centres  is  calculated  to  induce  active 
hyperemia  if  the  dilatation  of  the  arteries  be  localized.    Thus  in  a 
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case  observed  by  the  author  there  was  a  traumatic  lesion  of  the 
medulla  oblongata  which  injured  the  vaso-motor  centres  of  the  kid- 
neys. The  result  was  an  intense  hyperemia  of  both  kidneys,  visible 
after  death,  and  manifested  during  life  by  an  excessive  secretion  of 
watery  urine.  During  the  few  hours  of  life  a  large  quantity  of 
urine  was  twice  removed  by  catheter,  and  after  death  the  bladder 
was  found  greatly  distended.  Some  authors  ascribe  diabetes  mellitus 
to  paralysis  of  the  centres  in  the  medulla  oblongata,  or  in  the  semi- 
lunar ganglion.  Such  a  paralysis  would  induce  congestion  in  the 
abdominal  organs,  and  more  especially  in  the  liver.    (See  p.  85.) 

Phenomena  of  active  congestion. — When  a  local  dilatation  of  the 
finer  arteries  of  a  part  occurs,  the  most  direct  result  is  that  the 
blood  is  admitted  more  freely,  and  at  an  accelerated  rate.  It  meets 
with  less  resistance  in  the  arteries,  and  reaches  the  capillaries  and 
veins  at  a  higher  pressure  than  normal.  The  part  so  affected  is  of 
a  bright  red  colour,  and,  if  it  be  an  external  part,  its  temperature 
is  raised.  In  many  cases  the  active  congestion  is  of  short  duration, 
but  if  it  continue  it  leads  commonly  to  more  definite  changes. 
There  is  increased  transudation  from  the  vessels,  and  consequent 
swelling.  The  secretion  of  the  part  is  increased.  This  has  been 
observed  more  particularly  in  the  case  of  the  secretion  of  sweat  ; 
unilateral  hyperemia  and  sweating  have  been  ascribed  to  pressure 
on  the  sympathetic  by  an  aneurysm  (G-airdner)  or  a  tumour  (Ogle 
and  Verneuil).  There  may  also  be  considerable  hypertrophy  in  con- 
sequence of  active  hyperemia.    (See  Hypertrophy.) 

It  has  been  said  that  active  hyperemia  may  lead  to  hemorrhage, 
but  experiment  seems  to  prove  that  even  a  very  great  rise  in  the 
blood-pressure  in  the  capillaries  does  not  lead  to  haemorrhage,  unless 
the  vessels  are  badly  supported,  or  else  defective  in  some  way.  By 
obstructing  the  respiration  in  a  dog  the  arterial  pressure  may  be 
raised  enormously,  but  there  is  no  rupture  of  the  capillaries,  or  only 
in  such  delicate  structures  as  the  retina,  brain,  or  conjunctiva,  or  in 
the  pleura  and  pericardium,  where,  on  account  of  the  violent  and 
abortive  efforts  of  inspiration,  a  partial  vacuum  is  produced,  and  the 
vessels  are  ill-supported.  The  increase  in  pressure  in  a  pure  active 
hyperemia  is,  of  course,  .greatly  less  than  this. 

Literature. — Weir  Mitchell,  Morehouse,  and  Keen,  Gunshot  wounds  and 
other  injuries  of  nerves,  1864;  Hutchinson,  Lond.  Hosp.  Eeports,  1866;  Weir 
Mitchell,  Injuries  of  nerves  and  their  consequences,  1872 ;  Denmark,  Med.  chir. 
trans.,  iv. ;  Paget,  Med.  Times  and  Gaz.,  1864;  Berger,  (Hemicrania).  Virchow's 
Archiv,  vol.  liv.,  1874;  Gairdner,  Clin.  Med.,  1862,  p.  557;  Verneuil,  Gaz.  des 
hopit.,  1864. 
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II. — PASSIVE  OR  VENOUS  HYPEREMIA  OR  PASSIVE 
CONGESTION. 

This  is  a  condition  in  which  the  blood  stagnates  in  the  vessels  ; 
they  are  overfilled  with  blood  which,  as  it  remains  too  long  in  the 
vessels,  has  a  venous  character,  hence  passive  hyperemia  is  also 
called  Venous  Hyperemia. 

Causation. — Passive  hyperemia  frequently  occurs  as  a  consequence 
of  Weakness  of  the  heart.  In  the  normal  state  the  forces  of  the 
circulation,  in  order  to  remove  the  blood  from  depending  parts,  have 
to  overcome  gravitation.  The  force  of  the  heart  propagated  through 
arteries  and  capillaries  to  the  veins  is  generally  sufficient  to  do  this. 
It  is,  however,  assisted  by  the  muscular  movements,  which,  in  con- 
junction with  the  valves  in  the  veins,  materially  assist  the  venous 
current ;  also  by  the  aspiration  effected  by  the  inspiratory  movements. 
But  if  the  heart  is  weak,  the  blood  is  apt  to  linger  in  depending 
parts  or  in  parts  far  removed  from  the  centre ;  hence  the  name 
Hypostasis  or  Hypostatic  hyperemia  applied  to  such  conditions. 
Weakening  of  the  heart  occurs  in  many  forms  of  disease.  It  is 
often  very  marked  in  fevers,  such  as  typhus  and  typhoid,  or  in  long- 
continued  debilitating  diseases,  which  produce  anaemia.  In  these 
cases  the  blood  often  stagnates  in  the  dependent  parts  of  the  lungs, 
or  in  depending  parts  of  the  skin,  over  the  sacrum  and  shoulder 
blades  in  persons  lying  on  their  backs,  over  the  trochanters  in  per- 
sons lying  on  their  sides.  In  these  latter  situations  the  weakness 
of  the  circulation  along  with  the  mechanical  effects  of  the  weight  of 
the  body  and  the  irritation  of  decomposing  material,  lead  frequently 
to  sloughing  of  the  skin  and  the  formation  of  bed-sores.  In  fevers 
there  may  be  passive  hyperemia  of  the  extremities  of  the  fingers 
or  toes,  resulting  even  in  necrosis  or  gangrene. 

Again,  there  may  be  difficulty  in  overcoming  gravitation  on  account 
of  the  force  of  the  heart  being  partly  lost  by  reason  of  Obstruction 
of  arteries.  Thus  atheroma,  by  producing  a  thickening  of  the  internal 
coat,  may  cause  a  partial  obstruction,  which  is  often  increased  by  the 
formation  of  thrombi  on  the  affected  surface.  In  consequence  of  this, 
the  force  of  the  heart  may  be  insufficient  and  the  blood  may  stagnate 
in  the  parts  supplied.  Complete  occlusion  of  an  artery  will  under 
certain  circumstances  produce  extreme  passive  hyperemia.  (Hemor- 
rhagic infarction,  see  under  Embolism.) 

Obstruction  of  veins  is  the  most  direct  and  obvious  cause  of 
passive  hyperemia.  This  may  be  produced  by  pressure  of  tumours, 
exudations,  bandages,  the  pregnant  uterus,  even  hard  masses  of  fceces, 


94 


AFFECTIONS  OF  THE  CIRCULATION. 


by  coagulation  of  blood  within  the  veins,  or  by  the  bursting  of 
tumours  into  veins,  or  their  growth  through  their  walls. 

Lastly,  Disease  of  the  valves  of  the  heart  produces  in  a  large 
proportion  of  cases  a  general  venous  hyperemia  (see  under  Heart). 

Phenomena  of  passive  hyperemia. — Taking  the  simplest  case,  that 
of  obstruction  of  a  venous  stem,  the  first  result  is  an  increase  of 
blood-pressure  in  the  veins  behind  the  point  of  obstruction,  and  an 
accumulation  of  blood  in  the  part.  If  the  veins  have  abundant 
anastomoses,  then  the  blood  will  soon  to  a  considerable  extent  find 
its  way  by  other  channels  and  the  normal  conditions  be  restored. 
But  from  the  list  of  causes  of  passive  hyperemia  it  will  be  seen  that 
most  of  these  involve  sets  of  veins,  or  whole  regions  of  the  body  • 
even  in  the  case  of  thrombosis,  the  coagulation  usually  extends  to  a 
number  of  veins ;  hence,  relief  by  anastomosis  may  not  be  obtained. 
The  local  increase  of  pressure  remains,  and  it  affects  capillaries. 

The  further  effects  are  to  be  traced  to  the  excessive  pressure  in 
the  capillaries.  The  blood  accumulates  in  excessive  quantity  in  these 
vessels  and  at  an  excessive,  pressure.  In  consequence  of  this  an  in- 
crease in  the  natural  transudation  of  fluid  through  the  capillaries 
occurs,  and  the  blood-corpuscles,  especially  the  red  ones,  escape  from 
the  vessels.  Each  of  these  phenomena  merits  more  special  con- 
sideration. 

Haemorrhage  by  diapedesis  is  the  escape  of  the  red  corpuscles  from 
the  blood-vessels  without  rupture  of  their  walls.  This  process  occurs 
mainly,  if  not  entirely,  in  the  capillaries,  and  it  can  be  shown  by 
experiment  that  it  does  not  involve  rupture  of  these  vessels.  If  the 
tongue  of  a  frog  is  ligatured  at  its  base  so  as  to  include  all  the  veins, 
but  excluding  the  artery,  there  will  be  the  phenomena  of  hyperemia 
greatly  intensified,  and  among  these  phenomena  diapedesis.  But  if 
the  ligature  be  loosened  within  a  moderate  period,  the  circulation  is 
restored,  and  the  phenomena  disappear.  If  the  escape  of  blood-cor- 
puscles had  been  by  rupture,  it  would  have  continued  after  resumption 
of  the  circulation.  As  to  the  manner  in  which  corpuscles  escape,  it 
is  probable  that  they  pass  between  the  endothelial  cells.  Fig.  29 
shows  the  appearance  of  the  endothelium  of  a  capillary  mapped  out 
by  treatment  with  nitrate  of  silver,  and  Fig.  30  shows  capillaries 
similarly  treated  after  passive  hyperemia  had  existed.  The  latter 
illustration  is  taken  from  Arnold,  who  asserts  that  while  in  the 
normal  condition  there  are  minute  apertures  between  the  endothelial 
cells,  chiefly  at  the  angles  where,  two  or  three  meet,  these  are  found 
much  enlarged  in  passive  hyperemia.  The  small  apertures  may  be 
called  stigmata,  and  the  larger  ones  stomata.    The  excessive  pressure 
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in  the  capillaries  seems  to  be  the  chief  agent  in  causing  the  escape 
of  the  corpuscles  as  well  as  the  increased  transudation  of  fluid,  but 
we  have  also  as  a  considerable  element,  in  many  cases,  a  nutritive 
defect  in  the  walls  of  the  vessels  from  their  long  exposure  to  venous 


Fig.  30. — Capillaries  after  passive 
hyperemia.  Apertures  between  the 
cells  greatly  enlarged ;  the  so-called 
stomata.  (Arnold.) 


blood,  allowing  of  the  escape  of  the  corpuscles.  The  haemorrhage  is 
usually  inconsiderable,  but  in  some  cases  it  attains  to  large  dimen 
sions.    (See  under  Thrombosis  of  cerebral  sinuses.) 

The  author  has  observed  of  late  a  loose  way  of  using  the  term  diapeclesis 
by  applying  it  to  the  emigration  of  the  leucocytes.  As  this  use  is  confusing 
and  is  opposed  to  the  original  employment  by  Strieker,  Cohnheim,  Arnold,  and 
others,  to  designate  a  form  of  hemorrhage,  it  seems  unadvisable.  The  author 
therefore  limits  the  term  to  the  escape  of  red  corpuscles  without  rupture,  reserving 
the  term  emigration  for  the  more  active  penetration  of  the  white  corpuscles. 

That  there  is  an  increased  Transudation  of  fluid  can  be  directly 
proved  by  experiment.  The  flow  in  the  lymphatic  vessels  has  been 
proved  to  be  excessive.  If  the  lymphatics  are  not  capable  of  dis- 
posing of  the  entire  excess,  then  the  fluid  accumulates  in  the  serous 
spaces  and  cavities  of  the  body,  giving  rise  to  (Edema  and  Dropsy 
(see  further  on).  This  accumulation  will  occur  if,  on  the  one  hand, 
the  transudation  be  too  excessive  for  the  lymphatics  to  dispose  of 
it,  or  if,  on  the  other,  for  some  reason,  the  lymphatics  do  not  take 
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it  up  sufficiently.  The  current  in  the  lymphatics  depends  on  the 
blood-pressure,  and  we  have  just  seen  that  the  cause  of  the  increased 
transudation  is  excess  of  blood-pressure,  and  so  the  same  condition 
which  determines  the  increase  will,  to  a  certain  extent,  cause  it  to 
be  more  rapidly  disposed  of.  In  cases  of  hypostasis,  however,  there 
is  a  special  tendency  to  oedema.  The  hyperemia  here  is  due,  as  we 
have  seen,  to  weakness  of  the  heart  associated  with  the  action  of 
gravitation.  Both  of  these  causes  will  equally  act  on  the  lymphatic 
circulation  and  induce  the  transuded  fluid  to  linger  and  accumulate. 

The  exuded  fluid,  as  may  be  inferred,  contains  red  corpuscles,  but 
it  does  so  to  a  much  less  extent  in  actual  pathological  conditions  than 
might  be  supposed  from  experiments  in  animals.  In  the  latter  there 
is  a  sudden  obstruction,  with  exaggerated  results  ;  in  actual  disease 
in  man  the  processes  usually  develop  slowly,  and  there  is  some 
accommodation  of  the  vessels.  It  should  be  added  that  the  white 
corpuscles  pass  out  of  the  vessels  as  well  as  the  red,  but  not  to 
such  an  extent,  and  that  the  corpuscles,  both  red  and  white,  escape 
from  the  small  veins  as  well  as  from  the  capillaries. 

The  part  which  is  the  seat  of  passive  hyperemia  is  unduly  red, 
and  the  tint  is  dark  or  livid.  It  is  swollen,  both  from  the  over- 
filling of  the  vessels  and  from  the  oedema,  and  is  usually  lowered 
in  temperature.  In  organs  readily  capable  of  increase  in  bulk,  there 
may  be  considerable  Enlargement  as  a  result  of  passive  hyperemia. 
This  is  especially  the  case  in  the  spleen. 

Two  other  consequences  frequently  follow  in  prolonged  passive 
hyperemia.  The  distended  capillaries  exerting  pressure  on  the  sur- 
rounding structures  may  through  time  produce  Atrophy.  This  is 
seen  especially  in  passive  hyperemia  of  the  liver,  where  the  central 
parts  of  the  lobules  often  show  a  striking  absence  of  hepatic  cells. 
It  is  also  seen  in  the  kidney  and  the  retina. 

An  opposite  result  is  often  effected  by  prolonged  passive  congestion, 
namely,  Hypertrophy  of  the  connective  tissue,  induced  by  the  in- 
creased transudation  which  bathes  this  tissue.  The  hypertrophied 
connective  tissue  is  dense  and  it  gives  increased  density  to  the  organs 
affected,  hence  the  term  Cyanotic  Induration.  This  is  very  common 
as  a  result  of  valvular  disease  of  the  heart  and  is  seen  in  the  heart 
itself,  the  lungs,  kidneys,  liver,  etc.  In  the  lungs  the  induration  is 
associated  with  pigmentation,  due  to  the  haemorrhage  by  diapedesis, 
hence  the  term  Brown  Induration. 

Necrosis  or  death  of  parts  is  not  a  common  result  of  passive 
hyperemia.  It  occurs  when  the  conditions  are  such  as  to  produce 
complete  stagnation  of  blood.    If  a  loop  of  intestine  be  caught  in  a 
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hernia  in  such  a  way  as  to  obstruct  all  the  veins,  then  passive 
hyperemia  may  be  followed  by  gangrene.  Similarly  ligature  of  the 
femoral  vein  or  its  obstruction  by  a  tumour  may  produce  gangrene, 
as  this  vein  has  few  and  insufficient  anastomoses.  This  only  occurs 
if  the  vein  be  suddenly  obstructed. 

Literature. — For  a  good  account  of  passive  hyperemia  from  experimental  side,  see 
Cohnheim's  Allgem.  Pathplogie,  2nd  ed.,  vol.  i.,  p.  138.  See  also  Eecklinghausen, 
Allgem.  Path.,  p.  28;  Arnold,  Virehow's  Archiv,  lviii.,  1873;  Zielonko,  ibid.,  lvii., 
1873. 

LOCAL  ANAEMIA  OR  ISCHEMIA. 

These  terms  designate  the  condition  in  which  the  blood-vessels, 
and  in  particular  the  capillaries,  are  more  or  less  empty  of  blood, 
and  the  part  is  correspondingly  pale. 

Causation. — The  vessels,  and  especially  the  capillaries,  may  be 
directly  emptied  by  pressure  from  without.  We  have  an  artificial 
anaemia  produced  in  this  way  by  Esmarch's  elastic  bandage.  A  tumour 
or  an  abscess  may  by  pressure  empty  the  vessels,  and,  if  long  con- 
tinued, this  may  lead  to  necrosis  of  the  structure  concerned.  In 
most  cases,  however,  anaemia  is  due  to  obstruction  of  arteries,  but 
such  obstruction  rarely  produces  ischaemia  unless  it  be  comparatively 
sudden  and  tolerably  complete. 

Spasm  of  arteries,  that  is  to  say,  violent  contraction  of  their 
middle  coat,  may  cause  such  obstruction  as  to  produce  an  extreme 
anaemia.  The  application  of  cold  to  the  skin  causes  contraction  of 
the  cutaneous  arteries — ether  spray  causes  a  striking  anaemia  by  this 
means.  The  rigor  at  the  beginning  of  many  fevers,  accompanied  as 
it  is  by  paleness  and  coldness  of  the  surface,  is  due  to  spasm  of  the 
cutaneous  arteries.  Some  neuralgias  are  associated  with  spasm  of 
arteries.  (Du  Bois-Reymond.)  In  some  persons  the  vaso-motor 
system  is  peculiarly  sensitive,  and  slight  causes  are  sufficient  to  in- 
duce spasm  of  the  arteries  and  a  local  anaemia. 

A  series  of  phenomena  produced  by  prolonged  spasm  of  arteries  is  grouped 
under  the  name  of  Raynaud's  disease,  from  the  writer  who  first  gave  a  full 
description  of  these  phenomena.  In  predisposed  persons  an  ordinary  exposure 
to  cold,  as  in  washing,  will  induce  such  a  spasm  as  to  render  the  fingers  blood- 
less and  anaesthetic;  they  are  said  to  be  "dead"  {local  syncope).  In  more 
severe  cases  the  skin  becomes  dark  blue  and  various  eruptions  may  form  {local 
asphyxia).  In  very  severe  cases  there  may  be  actual  necrosis  of  the  ends  of 
the  fingers  and  toes.    This  form  of  disease  is  symmetrical. 

A  sudden  obstruction  of  an  artery  by  Embolism  is  a  frequent 
cause  of  Ischaemia,  but  this  frequently  gives  place  to  a  passive  hyper- 
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aemia.  (See  under  Embolism.)  The  ligature  of  an  artery  or  a 
sudden  compression  will  also  lead  to  local  anaemia. 

Disease  of  the  walls  of  arteries  is  not  a  frequent  cause  of 
ischaemia,  as  obstruction  from  such  conditions  as  atheroma  is  fre- 
quently very  partial,  and  even  when  considerable  is  of  slow  produc- 
tion. Hence  such  conditions  more  frequently  lead  to  passive 
hyperemia  in  the  way  already  mentioned. 

Phenomena  and  results. — In  the  anaemic  part  the  capillaries  are 
imperfectly  filled,  and  the  blood  current  is  slow.  The  part  is  con- 
sequently pale,  reduced  in  temperature,  flaccid.  Its  nutrition  is 
diminished,  and  its  elements  are  prone  to  undergo  atrophy  and  de- 
generation, or  even,  as  we  have  already  seen,  necrosis.  The  function 
will  be  interfered  with  if  the  nutrition  is  depreciated,  and  if  the 
anaemia  affect  an  important  organ,  the  results  may  be  serious.  Thus, 
obstruction  of  the  coronary  arteries  may  cause  death  by  paralysis  of 
the  heaft.  Lastly,  a  local  anaemia  may  produce  a  hyperaemia  else- 
where— a  collateral  hyperaemia. 

Literature. — Becklinghausen's  Handbuch,  p.  35 ;  Vikchow,  Handbuoh  d.  spec. 
Path,  und  Therapie,  vol.  i. ;  Baynaud,  De  l'asphyxie  local  et  de  la  gangrene 
symetrique,  1862;  and  Arch.  gen.  de  med.,  xxiii.,  1874;  Du  Bois-Reymond,  Arch, 
f.  Anat.  und  Physiol.,  1860. 

THROMBOSIS  AND  EMBOLISM. 

These  two  conditions  are  often  associated,  but  must  be  carefully 
distinguished.  Thrombosis  is  the  coagulation  of  blood  within  the 
vessels  or  heart.  Embolism  is  the  obstruction  of  a  vessel  by  a  plug 
brought  from  a  distance.  The  coagulum  which  forms  in  thrombosis 
is  a  thrombus,  the  plug  which  obstructs  in  embolism  is  an  embolus. 
A  thrombus  detached  from  its  place  becomes  an  embolus,  and  an 
embolus,  whether  consisting  of  coagulum  or  not,  may  grow  by  suc- 
cessive deposition  of  clot,  that  is  to  say,  by  thrombosis. 

I.  —THROMBOSIS. 

In  considering  the  mode  of  occurrence  of  thrombosis,  it  is  necessary 
to  refer  to  the  Coagulation  of  blood.  According  to  the  vieAvs  which 
are  identified  with  the  name  of  Alexander  Schmidt  (although  Andrew 
Buchanan  anticipated  many  of  his  results)  three  agents  are  neces- 
sary for  coagulation,  the  fibrinogen,  the  fibrino-plastic  substance  or 
paraglobulin,  and  the  fibrine  ferment.  The  two  former  unite  to  form 
fibrine  in  the  presence  of  the  latter.  The  fibrinogen  is  dissolved  in 
the  blood-plasma ;  the  paraglobulin,  at  least  chiefly,  and  the  ferment, 
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entirely,  reside  in  the  white  corpuscles.  It  is  only  by  destruction 
of  the  white  corpuscles  that  the  paraglobulin  and  ferment  are  set 
free ;  so  long  as  the  white  corpuscles  circulate  in  the  blood  and 
remain  alive  fibrine  cannot  form.  Fibrine  will  form  when  the  con- 
ditions, are  such  that  the  white  corpuscles  are  no  longer  preserved 
alive.  Fibrine,  it  will  thus  be  seen,  is  the  result  of  a  chemical 
combination,  and  the  resulting  albuminous  substance,  the  fibrine,  is 
not  a  vital  structure  but  a  dead  chemical  compound.  In  order  to 
the  preservation  of  the  white  corpuscles  they  must  not  be  exposed 
to  the  contact  of  dead  matter.  You  may  keep  blood  fluid  for  a 
long  time  if  you  simply  ensure  that  it  is  in  contact  with  living- 
tissue.  Lister  long  ago  showed  that  if  an  artery  be  ligatured  in  two 
places,  and  cut  out  while  full  of  blood,  it  may  be  hung  up  and  the 
blood  will  remain  fluid  for  some  days.  Within  the  body  if  a  vessel 
be  ligatured  carefully  in  two  places,  the  middle  portion  remaining 
in  connection  with  the  living  tissues,  then  the  blood  may  be  kept 
fluid  from  twelve  to  fifteen  days.  When  blood  is  exposed  to  a  per- 
fectly smooth  surface,  even  if  it  be  of  dead  matter,  it  does  not 
coagulate  readily.  Thus  a  piece  of  glass  in  the  circulating  blood 
does  not  induce  coagulation,  and  blood  in  a  vessel  whose  internal 
surface  is  smeared  with  oil  does  not  readily  coagulate. 

It  appears  from  the  observations  of  Rauschenbach  that  the  cells  of  lymphatic 
glands  when  treated  with  water  yield,  like  leucocytes,  the  ferment  necessary  for 
coagulation.  Most  other  cells  probably  possess  a  similar  power.  Foa  and  Pellacani 
assert  that  when  fresh  brain  substance  is  treated  with  water  and  filtered,  the 
filtrate  injected  into  the  jugular  vein  of  rabbits  induces  rapid  coagulation. 

Bizzozero  asserts  that  it  is  the  blood-plates  (see  p.  64)  and  not  the  leucocytes 
which  have  to  do  with  coagulation.  He  would  adopt  the  view  given  above  of 
this  process,  substituting  the  blood-plates  for  leucocytes.  This  view,  however, 
has  not  been  supported  by  subsequent  observers.  In  the  observations  of  Woold- 
ridge,  a  deposition  of  small  granules  was  observed  apart  from  ordinary  coagulation, 
and  he  regarded  these  as  composed  of  a  form  of  Fibrinogen  (A  Fibrinogen).  Lowit 
on  the  other  hand  holds  that  the  granules  are  composed  of  globulin,  and  are  due 
partly  to  disintegration  of  the  leucocytes  and  partly  to  precipitation  from  the 
plasma.  It  may  be  concluded  that,  besides  the  process  of  coagulation  described 
above,  and  without  such  coagulation,  the  blood  is  capable  of  depositing  solid  gran- 
ules which  have  in  the  mass  the  characters  of  fibrine,  and  give  the  same  reaction 
as  fibrine  with  Weigert's  stain  (Lowit).  This  occurs  very  rapidly  whilst  blood  is 
cooling,  and  can  scarcely  fail  to  occur  when  blood  from  the  living  body  is  examined 
in  the  ordinary  way  by  placing  a  drop  on  a  glass  slide  and  covering  it  with  a  thin 
cover  glass.    It  occurs  also  by  mechanical  interference  with  the  blood. 

In  connection  with  this  whole  subject  the  alleged  rapid  disappearance  of  leuco- 
cytes when  the  blood  is  shed  is  of  interest.  Lowit  asserts  that  by  examining  the 
blood  removed  from  the  living  body  in  warm  oil  on  a  warm  stage  he  prevents,  at 
least  in  part,  the  disintegration  of  the  leucocytes  and  the  appearance  of  the  disklets. 
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His  enumerations  by  this  method  seem  to  show  that  the  leucocytes  are  much  more 
numerous  in  the  normal  blood  than  they  appear  in  an  ordinary  preparation,  the 
numbers  in  the  latter  case  being  80  per  cent,  fewer  than  in  the  former.  These 
observations  confirm  the  views  held  by  Cohnheim,  Schmidt,  and  others. 

The  Process  of  thrombosis. — If  a  portion  of  blood  inside  a  vessel 
be  cut  off  from  the  circulation,  then  it  will  by  and  by  coagulate  just 
as  it  does  outside  the  body,  the  main  agent  in  the  coagulation  being 
the  disintegrating  white  corpuscles.  In  this  way  a  Red  thrombus  is 
produced.  But  vessels  are  rarely  so  situated  as  to  allow  of  a  com- 
plete coagulation  such  as  this  •  much  more  frequently  the  thrombus 
is  formed  from  the  blood  which  is  still  moving,  although,  it  may  be, 
slowly,  and  it  is  of  gradual  growth.  The  formation  of  thrombi  in 
the  living  vessels  has  been  carefully  studied  by  Zahn,  whose  experi- 
ments throw  much  light  on  the  process. 

The  mesentery  of  a  frog  is  exposed  and  subjected  to  microscopic 
examination.  A  vessel  of  some  size,  an  artery  or  vein,  is  chosen, 
and  its  wall  in  some  way  injured,  as  by  twitching  it  slightly  with 
the  forceps,  or  placing  a  small  crystal  of  common  salt  near  it.  Very 
soon  white  blood-corpuscles  begin  to  adhere  at  the  injured  part.  As 
the  blood  passes  over  it  successive  layers  of  white  corpuscles  adhere, 
and  a  growing  clump  of  them  is  formed.  Along  with  the  white 
corpuscles  a  stray  red  one  may  be  insinuated,  or  there  may  be 
several  red  ones.  The  clump  so  formed,  be  it  wholly  white  or  partly 
mixed  with  red  corpuscles,  may  be  carried  off,  in  which  case  a  new 
one  begins  to  form ;  but  the  clump  may  remain  fixed  and  be  con- 
tinuously enlarged  by  successive  depositions  of  corpuscles  from  the 
circulating  blood.  In  course  of  time  a  change  occurs  in  the  appear- 
ance of  the  clump,  the  white  corpuscles  lose  their  individual  outline 
to  a  great  extent,  and  the  clump  gathers  itself  together  into  a  grey 
granular  mass  in  which  neither  by  acetic  acid  nor  by  staining  are 
the  majority  of  the  white  corpuscles  to  be  discovered.  It  has,, 
indeed,  very  much  the  characters  of  fibrine  which  has  been  obtained 
by  whipping  the  blood  outside  the  body.  The  clump  of  white  cor- 
puscles, in  fact,  by  the  disintegration  of  the  corpuscles  and  the  at- 
traction of  the  fibrinogen  from  the  blood  plasma  has  converted  itself 
into  a  fibrinous  coagulum.  All  the  white  corpuscles,  however,  are 
not  disintegrated,  some  are  still  recognizable  in  the  mass.  A  similar 
mode  of  formation  is  observed  when  a  vessel  is  injured  by  pricking 
with  a  needle,  or  by  cutting  it.  The  presence  of  foreign  bodies,  if 
they  are  rough  on  the  surface,  produces  adhesion  of  white  corpuscles 
and  their  conversion  into  thrombi  in  similar  fashion.  The  thrombus 
formed  in  these  various  ways  is  called  by  Zahn  the  White  thrombus. 
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Eberth  and  Schimmelbusch,  from  a  very  elaborate  series  of  observations,  have 
come  to  several  very  important  conclusions.  They  assert  that  Zahn's  observa- 
tions are  correct  with  the  exception  that  it  is  the  blood-plates  and  not  the  leuco- 
cytes which  go  to  form  the  white  thrombus.  They  do  not  regard  the  process  as 
one  of  coagulation,  but  rather  of  conglutination ;  that  is  to  say,  the  clumps  of 
blood-plates  run  together  and  form  white  masses,  in  which  no  proper  fibrine  is 
present.  When  a  foreign  body,  such  as  a  thread,  is  introduced  into  the  circulation 
then  true  fibrine  is  deposited,  but  not  in  the  simple  white  thrombus.  Leucocytes 
are  often  caught  in  the  thrombi,  in  which  they  may  be  present  in  larger  or  smaller 
numbers.  These  observations  are  explained  and  amplified  by  the  researches  of 
Wooldridge  and  Lowit  above  referred  to.  We  may  now  say  that  an  injury  to  the 
wall  of  a  vessel  causes  the  deposition  of  granules  of  solid  matter  from  the  blood, 
and  that  these  granules  have  the  characters  of  fibrine. 

In  actual  pathological  processes  in  the  human  subject  the  pure 
white  thrombus  is  frequently  seen,  especially  in  the  heart,  but  it  is 
more  frequently  mixed.  As  a  general  rule  the  thrombus  enlarges 
by  fresh  deposition,  and  it  not  infrequently  happens  that,  as  cor- 
puscles accumulate,  sufficient  ferment  is  produced  to  allow  of  the 
coagulation  of  a  layer  of  entire  blood.  Hence  strata  of  red  coagulum 
may  alternate  with  strata  of  white.  Again  the  thrombus  after  its 
formation  may  become  compacted  into  a  dense  white  structureless 
layer  having  a  hyaline  appearance,  and  composed  of  fibrine  which 
adheres  to  the  wall,  and  is  so  united  that  its  boundary  is  indefinite  ; 
the  fibrine  is  sometimes  traversed  by  canals  (channelled  fibrine). 
This  condition  is  often  seen  in  the  external  layers  of  clot  in 
aneurysms.  We  may  thus  distinguish  four  forms  of  thrombus 
according  to  structure.  (1)  The  red  thrombus,  composed  of  the 
entire  blood;  (2)  the  white  thrombus;  (3)  the  stratified  and  mixed 
thrombus;  and  (4)  the  hyaline  thrombus. 

The  main  cause  of  coagulation,  then,  is  the  contact  of  the  blood 
with  dead  matter  or  altered  living  tissue.  In  the  living  body  any- 
thing which  interferes  with  the  integrity  of  the  vessel-wall  or  the 
endocardium  is  likely  to  "predispose  to  coagulation.  Stagnation  of 
the  blood  is  often  set  down  as  a  cause  of  coagulation,  but  this  will 
act  chiefly  by  altering  the  vessel-wall,  and  by  keeping  the  white 
corpuscles  removed  from  contact  with  the  living  tissue.  As  it  is  the 
endothelium  of  the  vessels  and  endocardium  which  is  in  most 
immediate  contact  with  the  blood,  it  will  be  interferences  with  it 
that  will  conduce  to  coagulation. 

Causation. — In  most  cases  of  thrombosis  there  is  either  a  stagnation 
of  the  blood  or  else  some  palpable  injury  to  the  vessel  compromising 
its  endothelium,  and  the  various  thrombi  may  be  studied  according 
as  they  are  formed  in  one  of  these  ways  or  the  other,  while  in  some 
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cases  the  action  of  both  may  be  traced.  As  we  have  already  seen, 
the  stagnation  is  rarely  complete,  and  accordingly  the  thrombi  are 
mostly  white  or  mixed,  being  formed  in  the  way  just  described. 

(a)  Thrombosis  from  stagnation  of  blood.— It  will  be  found  that 
wherever  the  circulation  is  so  altered  that,  while  the  blood  moves 
more  or  less  freely  in  the  general  current,  there  are  subsidiary  currents 
or  eddies,  thrombosis  is  liable  to  begin  in  the  situation  of  the  latter. 
Local  dilatations  produce  this  very  directly.  In  cases  of  aneurysm  or 
varix  there  is  a  pouch  containing  blood  which  is  out  of  the  regular 


Fig.  31. — Thrombus  in  auricle  of  heart.  The  muscular  tissue  of  the  heart  is  shown 
in  longitudinal  and  transverse  section,  and  lining  it  the  endocardium.  The  throm- 
bus bulges  out  from  a  recess,    x  42. 

current  and  thrombosis  is  liable  to  occur,  although  in  the  case  of 
aneurysm  there  is  the  additional  fact  that  the  wall  is  considerably 
altered.  Weakness  of  the  heart,  especially  when  associated  with 
dilatation,  leads  to  imperfect  emptying  of  its  cavities,  and  the  blood 
forms  eddies  in  the  parts  most  removed  from  the  general  current  (see 
Fig.  31).  White  thrombi  often  form  in  this  way  behind  the  columns 
carnese,  in  the  auricular  appendages,  and  near  the  apices  of  the  ven- 
tricles. These  thrombi  often  assume  a  globular  shape  (Globular 
vegetations  of  Lsennec),  and  may  grow  to  a  large  size.  General  weak- 
ness or  marasmus,  occurring  in  consequence  of  debilitating  diseases, 
such  as  typhoid  fever,  phthisis,  etc.,  renders  the  current  in  the  veins 
sluggish.  There  is  under  these  circumstances  not  only  weakness  of 
the  heart,  but  the  muscles  being  weak  do  not  assist  in  emptying  the 
veins,  and  respiration  also  fails  to  give  due  assistance.    While  there 
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is  a  general  sluggishness,  the  localities  in  which  the  thrombosis  begins 
usually  correspond  with  bye  currents  in  the  circulation.  The  blood 
in  the  veins  moving  slowty  and  at  a  low  pressure  does  not  press  back 
the  valves  against  the  walls  of  the  veins.  Hence  as  the  valves  are 
half  open,  the  blood  will  stagnate  in  the  sinuses  of  the  valves,  and 
thrombosis  is  liable  to  occur  there.  Coagula  so  formed  grow  up  the 
veins,  but  even  when  they  are  continuous  they  usually  present  a 
knotted  character  from  the  parts  corresponding  with  the  valves  being- 
bulkier.  This  knotted  condition  is  sometimes  detectable  through  the 
skin.  Again  marasmic  thrombi  often  begin  in  the  longitudinal  sinus 
of  the  dura  mater.  This  vessel  has  somewhat  rigid  walls,  and  the 
tributary  veins  from  the  pia  mater  are  small,  and  in  the  erect  posture 
the  blood  passes  upwards  to  the  sinus  against  the  force  of  gravitation. 
If  the  current  in  the  veins  be  slow  then  there  will  be  eddies  in  the 
sinus,  especially  at  the  parts  lying  highest.  The  most  common  starting- 
point  is  indeed  the  highest  part  of  the  sinus  (Recklinghausen).  Throm- 
bosis in  the  uterine  veins  after  delivery  is  partly  due  to  stagnation 
of  blood  in  cases  where  the  uterus  contracts  imperfectly,  but  the 
injury  to  the  veins  in  the  removal  of  the  placenta  contributes. 

(b)  Thrombosis  from  alteration  of  the  wall.— Wounds  of  vessels 
induce  thrombosis,  and  this  process  bears  an  important  part  in  stilling 
haemorrhage.  If  the  blood  is  stagnating  in  the  veins,  as  is  the  case 
in  passive  hyperemia  from  heart  disease,  a  trivial  wound  may  start 
a  thrombosis.  In  cases  of  valvular  disease  the  legs  are  not  infre- 
quently punctured  to  relieve  the  oedema  which  is  so  common  in  such 
cases,  and  the  punctures  may  be  the  starting  points  of  thrombosis. 
Ligature  of  vessels  causes  thrombosis  as  there  is  rupture  of  the 
internal  and  middle  coats.  Acute  inflammation  of  the  walls  induces 
coagulation,  as  one  sees  so  frequently  in  acute  endocarditis.  Chronic 
endocarditis  and  atheroma,  by  producing  palpable  alterations  in  the 
endocardium  or  internal  coat  of  arteries,  are  frequent  causes  of  throm- 
bosis, more  particularly  when  calcareous  matter  is  deposited  and 
becomes  exposed  to  the  blood.  An  occasional  cause  is  the  protrusion 
of  tumours  through  the  walls  of  vessels,  but  this  scarcely  ever  occurs 
in  arteries  and  is  rare  in  veins. 

(c)  There  are  cases  in  which  coagulation  occurs  apparently  in  con- 
sequence of  the  sudden  setting  free  of  the  ferment  and  fibrino-plastic 
substance  in  the  general  circulation.  This  has  been  mostly  in  cases 
of  transfusion,  where  blood  from  one  of  the  lower  animals  has  been 
used.    (See  case  by  Recklinghausen.) 

It  is  important  to  distinguish  Thrombi  which  have  formed  during  life  from  mere 
Post-mortem  Coagula.    It  will  be  clear  from  what  has  gone  before  that  the  thrombi 
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are  mostly  either  white  or  grey,  but  being  formed  largely  of  white  corpuscles  they 
are  of  a  dead  or  opaque  white  or  grey  appearance.  Post-mortem  clots  are  some- 
times pale  from  the  sinking  of  the  red  corpuscles  or  otherwise,  but  they  are 
gelatinous  and  smooth  on  the  surface  and  mostly  translucent,  whereas  the  thrombi 
are  firmer,  drier,  more  opaque  and  granular  on  the  surface.  The  thrombi  also 
adhere  to  the  wall  to  some  extent,  whereas  the  clots  do  not,  although  in  the  heart, 
from  getting  entangled  among  the  columnse  carneae,  they  may  have  an  appear- 
ance of  adhesion.  Lastly,  the  thrombi  are  often  stratified,  indicating  their  deposition 
in  successive  layers. 

Growth  of  Thrombi. — Thrombi  begin  as  local  depositions  on  the 
internal  surface,  but  they  are  liable  to  grow  till  they  may  fill  the 


vessel,  obstructing  it  and  extending  to  further  portions  of  the  vessel. 
The  thrombus  is  composed  of  dead  matter,  and  its  surface  is  rough, 
so  that  the  conditions  are  given  for  further  deposition,  unless  the 
current  is  rapid.  The  influence  of  the  blood-current  in  determining 
the  extension  of  thrombosis  is  well  shown  in  the  case  of  ligature  or 
severance  of  arteries  as  in  amputations.  The  accompanying  illustra- 
tion (Fig.  32)  shows  a  section  of  a  small  artery  from  a  stump.  It 
was  not  ligatured,  but  its  mouth  is  filled  with  a  thrombus  which  extends 
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Fig.  3-2.— Section  of  a  small  artery  from  a  stump.  The  bleeding  has  been  stopped 
by  a  thrombus  without  ligature.  The  thrombus  comes  accurately  to  the  level  of  a 
branch  going  off  to  the  right.    X  6. 
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exactly  to  the  first  branch  proximal  to  the  plug,  or  to  the  point  Avhere 
the  circulation  becomes  active.  In  the  case  of  the  veins  the  blood 
will  be  for  the  most  part  stagnant  above  and  very  often  below  the 
thrombus,  and  it  is  in  these  vessels  particularly  that  thrombi  are  apt 
to  grow  very  extensively.  Thus  a  coagulation  starting  in  the  uterus 
may  travel  along  to  the  internal  and  common  iliac  veins,  and  thence 
pass  into  the  veins  of  the  legs.  In  a  case  observed  by  the  author, 
coagulation  had  its  origin  in  a  cancer  of  the  kidney  which  involved  the 
wall  of  the  renal  vein  ;  it  extended  thence  to  the  inferior  vena 
cava,  and  to  the  veins  of  both  legs  which  were  distended  with  old 
thrombi.  Thrombi  in  the  veins  will  often  be  found  growing  on  till 
they  reach  a  vessel  where  the  circulation  is  very  free,  and  the  globular 
thrombi  in  the  heart  often  grow  so  as  to  project  into  the  cavity. 
Growing  thrombi  will  be  mostly  white  or  mixed,  but  as  the  blood  above 
and  beneath  an  obstructing  thrombus  is  usually  at  a  stand-still  or 
nearly  so,  they  may  be  almost  purely  red  in  parts. 

Before  leaving  this  subject,  it  may  be  wTell  to  consider  Whether 
thrombosis  occurs  in  the  living  capillaries.  It  is  to  be  remembered 
that,  so  long  as  the  living  endothelium  exercises  its  due  influence  on 
the  blood,  coagulation  will  not  occur.  As  the  capillary  wall  is  entirely 
composed  of  flat  cells,  it  is  only  when  necrosis  takes  place  that  the 
conditions  requisite  for  coagulation  will,  be  fulfilled.  Moreover,  as 
the  tissues  depend  on  the  capillaries  for  their  nutrition,  obstruction 
by  thrombosis  will  involve  the  death  of  the  tissues  themselves. 
Hence  thrombosis  of  the  capillaries,  or  even  complete  stagnation  in 
them,  may  be  put  out  of  the  question  except  in  connection  with 
necrosis.  If  this  were  not  so,  the  thrombi  in  veins  would  grow 
into  the  capillaries,  and,  through  them,  into  the  arteries.  The 
capillaries,  not  admitting  of  this,  form  a  barrier  to  the  extension  of 
the  coagulation.  It  thus  happens  that,  after  extensive  coagulation 
in  the  veins,  the  circulation  is  largely  maintained  by  arteries,  capil- 
laries, and  lymphatics,  and  necrosis  rarely  occurs.  It  is  worthy  of 
note  in  connection  with  this  matter  that  the  blood  found  in  the 
capillaries  after  death  is  nearly  always  fluid. 

Changes  in  thrombi. — If  a  thrombus  contains  red  corpuscles,  then 
their  colouring  matter  is  soon  dissolved  out  and  stains  the  coagulum, 
giving  it  frequently  a  deep  brown  tint.  The  pigment  sometimes 
deposits  crystals  of  hsematoidin,  which  may  remain  long  unaltered. 
(See  Figs.  33  and  34.)  In  course  of  time  further  changes  occur,  of 
which  the  more  important  are  softening  and  organization. 

Softening  is  a  frequent  result,  especially  in  the  coagula  in  the  heart 
and  veins.     The  globular  thrombi  in  the  heart  frequently  exhibit 
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this  process.  It  begins  in  the  central  parts  of  the  thrombus,  and 
the  coagulum  breaks  down  into  a  turbid  brownish  juice,  the  softening 

extending  gradually  outwards.   The  juice 
<f>  is  often  like  a  mixture  of  pus  and  blood, 

tsia     or  in  very  white  thrombi  it  may  be  like 
^  ^    pure  pus.     It  consists  of  the  debris  of 

^         0  the  thrombus,  and   no  well  preserved 

^e>  ^  corpuscles  are  to  be  found  in  it.  The 

softening   may  extend  outwards  till  a 
^  ^     an   mere  rmd  is  left,  and  this  may  give  way 

II  *  and  cause  the  juice  to  be  launched  into 

the  circulation.    Another  form  of  soften- 
^>      ing  is  that  which  occurs  in  thrombosis 
<^  due  to  septic  infection,  in  the  condition 

&2&SSm&E3£3&  known  as  Thrombo-pMebitis. 

of  an  old  thrombus  in  a  vein.  The      Thrombi,  instead  of  softening,  may 

crystals  have  nfdeep  red  colour.   X  350.  o'  J 

dry  in  and  shrivel.  In  such  case  we 
may  have  lime  salts  deposited,  and  even,  through  time,  the  formation 
of  little  stonv  masses — Vein-stones  or  Phleboliths. 


Fig-.  o4. — From  portion  of  a  thrombus  in  a  vein.  Crystals  of  hsematoidin  are  seen 
in  the  middle.  Below,  there  is  the  outline  of  a  vessel  which  is  evidence  of  organiza- 
tion of  the  thrombus,    x  460. 


The  Organization  and  Absorption  of  a  thrombus  is  a  process  of 
some  interest.  As  the  coagulum  is  dead,  it  is  clear  that  it  cannot 
take  part  in  the  process  of  organization.    In  studying  inflammation 
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this  subject  will  come  up  for  fuller  discussion,  but  it  may  here  be 
stated  that  when  a  piece  of  dead  animal  substance  is  present  among 
the  living  tissues,  the  first  step  towards  its  absorption  is  usually  its 
replacement  by  an  elementary  tissue,  the  dead  structure  forming,  as 
it  were,  a  mould  on  which  the  new  tissue  forms  itself.  In  the  case 
of  the  thrombus  new-formed  tissue  springs  from  the  wall  of  the  vessel, 
and  this  is  accompanied  by  vessels  which  sprout  from  those  of  the 
vessel-wall.    A  vascular  tissue  thus  by  slow  degrees  eats  into  and 


Fig.  35.— Section  of  cartoid  artery  in  which  a  thrombus  is  completely  replaced  by 
connective  tissue.    The  sections  of  many  vessels  are  shown,    x  12. 


replaces  the  blood-clot.  In  Fig.  34  there  is  represented  a  portion 
of  a  thrombus  with  a  new-formed  vessel  in  it,  and  alongside  this 
some  blood-crystals.  Through  time  the  calibre  of  the  vessel  is 
occupied  by  vascular  connective  tissue  as  in  Fig.  35.  This  may 
shrink  and  obliterate  the  calibre  of  the  vessel.  But  sometimes,  es- 
pecially in  veins,  there  occurs  a  process  which  is  shown  partially 
completed  in  Fig.  36.  The  contraction  of  the  connective  tissue  causes 
widening  of  the  vessels  in  the  new-formed  tissue ;  and  there  may  be 
produced,  as  in  the  figure,  a  tissue  with  large  channels,  and  through 
these  the  circulation  and  the  function  of  the  vein  may  be  restored. 
A  favourite  place  for  the  formation  of  this  cavernous  tissue  is  the 
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place  of  union  of  the  iliac  veins  to  form  the  vena  cava.  Here  the 
vessels  are  sometimes  found  filled  with  a  spongy  tissue  through  which 
the  circulation  is  carried  on.  By  a  still  further  contraction  of  the 
new-formed  tissue,  the  calibre  of  the  vessel  may  be  completely  re- 
established, the  sinus-like  blood-channels  expanding  into  the  calibre 
of  the  vessel. 


Fig.  36. — Vein  of  leg  filled  with  thrombus,  which  has  become  completely  organized. 
New-formed  vessels  are  shown,  which  have  widened  greatly  so  as  to  partially  restore 
the  circulation,     x  25. 

In  studying  thrombosis,  we  have  left  out  of  account  all  cases  of 
what  is  called  septic  thrombosis,  where  the  coagulation  arises  in 
connection  with  the  introduction  of  decomposing  material  into  the 
veins.    Such  processes  will  receive  consideration  in  another  part. 

Results  of  thrombosis. — Embolism  is  a  frequent  consequence  of 
thrombosis  in  any  situation.    (See  under  Embolism.) 

Thrombosis  in  veins  leads  most  directly  to  passive  hyperemia  with 
its  consequent  oedema  and  dropsy,  and  sometimes  haemorrhage.  The 
occurrence  of  serious  oedema  depends  largely  on  the  extent  of  the 
anastomosis  of  the  obstructed  veins,  and  also  somewhat  on  the  rapidity 
with  which  the  thrombosis  has  occurred.  If  the  thrombus  forms 
slowly  the  functions  of  the  plugged  veins  may  be  largely  taken  up 
by  the  lymphatics  and  by  other  veins  which  remain  unaffected.  In 
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the  case  already  referred  to,  where  a  cancerous  tumour  in  the  kidney 
had  burst  into  the  renal  vein,  and  thrombosis  had  extended  to  the 
vena  cava  and  down  the  veins  of  both  legs,  there  was  comparatively 
little  oedema  at  any  time,  although  all  the  main  venous  trunks  of 
both  legs  were  plugged.  The  fact  that  the  thrombosis  does  not 
extend  into  the  capillaries  allows  the  circulation  to  be  carried  on 
by  arteries,  capillaries,  and  lymphatics. 

At  the  seat  of  thrombosis  there  is  usually  an  inflammation,  which 
may  be  of  considerable  intensity,  and  is  sometimes  accompanied  by 
considerable  pain.  Even  when  the  thrombus  does  not  include  specially 
irritating  material,  there  is  inflammation  of  the  wall,  leading,  especi- 
ally in  the  case  of  veins,  to  adhesion  to  parts  around,  with  induration 
(Periphlebitis).  A  periphlebitis,  accompanied  by  considerable  oedema 
and  by  severe  pain,  occurs  in  Phlegmasia  alba  dolens. 

It  is  important  to  know  that  these  secondary  effects  of  thrombosis, 
and  especially  oedema,  will  not  usually  show  themselves  for  some  time 
after  the  onset  of  the  process.  A  coagulation  beginning  in  a  vein 
will  take  some  time  before  it  completely  obstructs  it,  and  even  when 
it  has  done  so,  it  may  be  necessary  for  it  to  grow  into  other  veins 
before  any  pronounced  oedema  will  develop.  Hence  it  is  that  a 
thrombosis  may  lead  to  embolism  by  detachment  of  portions  of  the 
thrombi  before  it  has  manifested  its  presence  by  hyperemia  and 
oedema. 

Thrombosis  in  veins  seldom  leads  to  Gangrene,  and  in  the  few 
cases  in  which  gangrene  actually  occurs  some  additional  interference 
with  the  circulation  will  usually  be  discoverable.  Weakening  of  the 
heart,  in  conjunction  with  thrombosis,  may  cause  it,  and  so  may 
disease  of  the  arteries  diminishing  the  force  of  the  blood. 

Thrombosis  in  arteries,  occurring,  as  it  does,  chiefly  along  with 
atheroma,  may  have  as  its  result  ischaemia  and  its  consecpiences. 
(See  above.) 

Literature. — Buchanan,  Proceedings  of  Phil.  Soc.  of  Glasg. ,  1845;  Schmidt, 
various  papers  and  Die  Lehre  v.  d.  fermentativen  Gerinnungserscheinungen,  1876 ; 
Rauschenbach,  Protoplasma  und  Blutplasma,  1882 ;  Foa  and  Pellacani,  Arch, 
ital.  de  Biologie,  iv.  ;  Hayem,  Arch,  de  physiol.,  1878,  1879 ;  Bizzozero,  Virchow's 
Archiv,  vol.  xc,  1882;  Wooldridge,  Chemistry  of  the  blood,  etc.,  1893;  Lowit, 
Arch.  f.  exper.  Path.,  vol.  xxiv.,  1887;  Virch.  Arch.,  vol.  cxvii.,  1889;  Studien 
zur  Phys.  u.  Path,  des  Blutes,  1892  ;  Eberth  und  Schimmelbusch,  various  papers 
in  Virchow's  Archiv,  vols,  ci.,  ciii.,  cv.,  cviii. ;  Zahn,  Virchow's  Archiv,  vol.  lxii. ; 
Virchow,  Ges.  Abhandlungen,  1856,  and  Handbuch  der  spec.  Path.  u.  Therap., 
vol.  i. ;  Baumgarten,  Die  Organization  des  Thrombus,  1877 ;  Recklinghausen, 
Handbuch,  p.  133. 
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II. — EMBOLISM. 

Causation. — Any  solid  material  in  the  circulating  blood  may  ob- 
struct a  blood-vessel  which  it  finds  too  small  to  give  it  passage.  It 
may  be  a  foreign  body,  such  as  a  parasitic  animal  or  vegetable,  or 
a  piece  of  a  tumour  or  a  piece  of  cretaceous  matter  broken  off  from 
a  degenerated  valve  or  vessel.  But  the  most  frequent  source  of 
embolism  is  a  pre-existing  thrombus.  Thrombi  most  readily  become 
detached  from  the  heart  or  veins,  and  in  either  case  the  thrombus 
is  most  dangerous  when  it  has  grown  into  the  current  so  as  to  be 
exposed  to  the  force  of  the  blood.  In  a  vein  a  thrombus  which 
completely  obstructs  the  vessel  will  not  be  readily  carried  away. 
The  actual  displacement  of  the  thrombus  will  often  take  place  in 
consequence  of  some  compression  or  movement  of  the  body  affecting 
the  part  where  it  is  seated.  This  is  sometimes  seen  in  the  case  of 
thrombosis  in  the  uterine  veins  where  the  first  considerable  move- 
ment after  delivery  may  displace  the  thrombus  and  lead  to  embolism 
of  the  lungs. 

The  embolus,  whatever  its  source,  will  obstruct,  for  the  most  part, 
an  artery  or  capillary.  The  only  practical  exception  to  this  is  the 
case  of  the  portal  vein,  which  in  its  ramifications  in  the  liver  has 
the  distribution  of  an  artery.  The  possibility  of  a  proper  venous 
embolism  has  been  asserted.  Foreign  bodies,  especially  if  heavy, 
may  fall  backwards  in  the  venous  system,  but  this  is  not  an  occur- 
rence of  any  practical  moment,  if,  indeed,  it  actually  occurs  in  human 
pathology  (Recklinghausen).  A  thrombus  or  other  loose  solid  body 
in  the  circulating  blood  will  usually  in  its  course  be  caught  at  a 
place  where  an  artery  is  dividing  ;  it  often  rides  on  the  bifurcation. 
It  sometimes  becomes  broken  against  the  projecting  bifurcation,  and 
its  fragments  may  be  dispersed  to  the  smaller  branches,  producing 
numerous  embolisms  in  them.  The  embolus,  acting  as  a  foreign 
body,  will  usually  induce  thrombosis  on  its  surface,  so  that  it  may 
get  covered  in  by  an  encapsuling  thrombus.  As  the  embolus  may 
be  derived  from  a  thrombus,  and  may  induce  thrombosis  afterwards, 
it  may  be  difficult  to  distinguish  the  one  process  from  the  other. 

The  Diagnosis  of  embolism  from  thrombosis  rests  on  a  survey  of 
the  existing  conditions.  In  veins  and  in  the  heart  any  existing 
coagulum  must  be  a  thrombus,  as  embolism  does  not  occur  in  them. 
In  arteries  we  may  have  either,  but  the  situation  and  circumstances 
will  often  guide  us.  Thrombosis  in  arteries  almost  necessarily  im- 
plies disease  of  their  walls,  and  the  thrombus  is  firmly  adherent.  The 
.embolus,  on  the  other  hand,  will  often  be  found  riding  over  a  bifur- 
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cation  and  non-adherent,  or  there  may  be  part  adherent  (the 
encapsuling  thrombus)  and  part  non-adherent.  Assistance  may  often 
be  obtained  by  finding  a  source  of  embolism,  such  as  thrombosis, 
elsewhere.  Again,  there  are  some  arteries  much  more  prone  to 
embolism  than  others.  In  the  arteries  of  the  lungs,  intestines, 
kidneys,  and  spleen,  thrombi  are  comparatively  rare,  but  in  those 
of  the  brain,  in  the  coronary  arteries  of  the  heart,  and  in  those  of 
the  extremities  both  thrombosis  and  embolism  are  common. 

Phenomena  of  embolism. — These  phenomena  vary  greatly  in  differ- 
ent cases,  the  variations  depending  chiefly  on  the  circumstances  of 
the  vessels  in  regard  to  anastomosing  communications.  In  this  respect 
we  have  all  degrees  of  difference. 

(a)  In  arteries  with  free  anastomosis. — In  these,  embolism  will  at 
once  cause  increase  of  pressure  on  the  proximal  side  of  the  plug,  and 
this  increase  of  pressure  may  be  sufficient  to  restore  the  circulation 
by  means  of  the  anastomosing  connections.  At  the  seat  of  the  obstruc- 
tion thrombosis  will  occur  on  each  side,  and  by  the  organization  of 
the  thrombus  the  artery  will  be  permanently  converted  into  a  solid 
cord  from  the  nearest  proximal  to  the  nearest  distal  branch,  the 
circulation  being  completely  carried  on  by  the  anastomosing  branches. 
The  arteries  with  freest  anastomoses  are,  in  general,  those  whose 
branches  are  most  liable  from  their  situations  to  temporary  obstruc- 
tions from  external  pressure  or  otherwise.  Hence  embolism  is 
usually  of  trivial  consequence  in  the  arteries  of  muscle,  of  the  skin, 
of  the  intestine,  of  the  circle  of  Willis  in  the  brain  (the  common 
carotids  are  liable  to  pressure),  and  of  acinous  glands.  A  similar 
result  will  follow  capillary  embolism.  As  the  capillaries  are  in  the 
freest  possible  inter-communication,  embolism  produces  little  disturb- 
ance of  the  circulation,  unless,  as  sometimes  happens,  there  be  many 
obstructed  simultaneously. 

(b)  In  arteries  with  very  imperfect  anastomosis. — Cohnheim  has 
endeavoured  to  distinguish  certain  arteries  of  the  body  as  being 
entirely  devoid  of  anastomosing  connections — they  are  like  the 
branches  of  a  tree,  each  division  having  no  distal  communications 
with  its  fellows.  Such  arteries  he  calls  End  arteries.  It  is  impos- 
sible to  carry  out  this  distinction  absolutely,  inasmuch  as  nearly  all 
arteries  have  at  least  fine  communications,  and  all  communicate  by 
their  capillaries.  It  may  be  said,  however,  that  the  following  arteries 
have  at  least  exceedingly  imperfect  anastomoses,  and  are  practically 
end  arteries,  namely,  the  pulmonary,  renal,  and  splenic  arteries,  the 
coronary  artery  of  the  heart,  the  central  artery  of  the  retina,  and 
the  nutrient  arteries  of  the  brain,  to  which  may  be  added  the  portal 
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vein.  In  addition,  the  superior  mesenteric  artery  and  the  external 
iliac  arteries  have  anastomosing  communications,  which,  in  relation 
to  the  size  of  these  arteries,  are  small.  In  such  arteries  as  those 
mentioned  the  results  of  embolism  are  not  strictly  uniform,  but  are 
nearly  always  serious.  It  may  be  added  that  the  capillaries  may  to 
some  extent  take  the  place  of  anastomosing  arteries,  and  the  results 
of  obstruction  may  be  thus  rendered  less  serious.  Indeed,  the  area 
of  tissue  affected  by  the  conditions  to  be  now  described  is  usually 
less  than  that  of  the  distribution  of  the  obstructed  artery.  The 
position  of  the  plug  is  therefore,  for  the  most  part,  outside  the 
affected  area,  that  is  to  say,  proximal  to  it. 

The  phenomena  of  embolism  in  the  case  of  end  arteries  may  be 
included  in  three  processes  which  manifest  themselves  separately  or 
in  combination,  according  to  the  circumstances  of  the  case ;  these  are 
(1)  Engorgement,  (2)  Haemorrhage,  and  (3)  Necrosis. 


Fig.  37. — Diagram  of  conditions  following  embolism  of  an  end  artery.  In  the  figure 
to  the  left  the  state  of  ansemia  immediately  after  the  embolism  is  shown.  In  the 
other  figure  the  regurgitant  current  from  the  vein  is  indicated.    (After  Cohnheim.) 

(1)  Engorgement  is  a  great  distension  of  the  veins  and  capillaries 
with  blood ;  in  fact,  an  extreme  passive  hyperemia.  The  mode  in 
which  this  results  from  the  obstruction  of  an  artery  has  been  well 
elucidated  by  the  observations  of  Cohnheim  and  others.  Cohnheim 
observed  the  process  in  the  tongue  of  the  frog,  where  he  produced 
embolism  after  introducing  blackened  pellets  of  wax  into  the  aorta. 
The  immediate  effect  of  obstruction  of  an  end  artery  was  usually 
ischamria  in  all  the  vessels  of  the  part.  (See  Fig.  37.)  Soon,  how- 
ever, a  backward  flow  of  blood  from  the  veins  was  observed,  and 
this  produced  an  engorgement  of  all  the  vessels,  capillaries,  veins, 
and  even  the  branches  of  the  artery.  The  explanation  of  this 
phenomenon  obviously  is  that,  the  blood  being  suddenly  deprived  of 
the  vis  a  tergo  by  the  obstruction  of  the  artery,  the  blood-pressure 
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in  all  the  vessels  is  reduced  to  nil.  But  the  vessels  are  still  in  com- 
munication with  the  veins  and  capillaries  around,  and  so  the  blood, 
passing  in  the  direction  of  least  resistance,  passes  backwards  from 
the  veins  into  the  vessels  of  the  part. 

(2)  Haemorrhage  was,  in  Cohnheim's  observations,  seen  to  follow 
on  the  engorgement,  and  it  took  place  by  diapedesis.  It  is  simply 
an  exaggerated  form  of  the  haemorrhage  which  we  have  seen  to 
occur  in  passive  hyperemia,  but  in  this  case  the  nutritive  defect  in 
the  vessel  walls  is  a  more  potent  agent. 


I 


 Jj_   

Fig.  38. — Lung  alveolus  from  hemorrhagic  infarction.  The  circular  bodies  are  reel 
corpuscles,  which  fill  the  alveolus  and  capillaries.  The  latter  are  tortuous  and  vari- 
cose.   X  460. 

The  Hemorrhagic  infarction,  which  is  most  typically  seen  in  the 
lungs,  is  the  result  of  the  conjunction  of  the  two  processes  of 
engorgement  and  haemorrhage.  As  shown  in  Fig.  38,  the  blood- 
vessels are  distended  with  blood,  and  the  lung  alveoli  are  filled  with 
blood  to  the  exclusion  of  the  air.  The  condition  results  from 
embolism  of  the  pulmonary  artery,  and  the  piece  of  tissue  involved 
is  wedge-shaped.  This  piece  of  tissue  is  solidified,  and  presents  a 
deep  red  colour,  as  if  a  solid  blood-clot  had  replaced  the  living  tissue. 

Engorgement  of  the  vessels  is  ascribed  by  Cohnheim  to  the  regurgitant  current 
from  the  veins,  but  further  observation  has  shown  that  when  an  artery  is  ob- 
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structed  blood  flows  into  the  capillaries  from  all  surrounding  communications, 
from  arteries  and  capillaries  as  well  as  veins,  and  the  engorgement  may  be  due 
to  the  flow  from  these  as  much  as  from  the  veins.  Moreover,  the  current  from 
the  communicating  arteries  and  capillaries  may  be  sufficiently  strong  to  carry 
on  the  circulation  and  prevent  any  considerable  engorgement  or  diapedesis.  This 
is  frequently  the  case  in  the  lungs,  where  the  hemorrhagic  infarction  often  fails 
to  develop  after  embolism.  The  circulation  in  the  lungs  is  somewhat  special. 
The  capillaries  are  wide  and  very  abundant,  and  the  bronchial  artery  not  only 
supplies  nutrient  branches  to  the  lung  tissue  but  forms  anastomosing  communica- 
tions with  the  pulmonary  artery.  In  consequence  there  may  be  none  of  the 
phenomena  of  the  hemorrhagic  infarction,  and  even  if  the  engorgement  and 
haemorrhage  occur,  the  process  usually  stops  short  of  an  actual  necrosis  of  the 
tissue. 

(3)  Necrosis  or  death  of  the  tissue  sometimes  follows  on  the  he- 
morrhagic infarction,  but  it  may  not  so  result,  and,  on  the  other 
hand,  we  often  have  necrosis  without  engorgement  or  hemorrhage. 
In  order  to  engorgement  the  vessels  must  remain  alive,  otherwise 
the  blood  will  coagulate  and  obstruct  any  backward  current.  But 
necrosis  may  occur  before  time  has  been  given  for  engorgement,  or 
the  engorgement  may  be  limited  to  the  peripheral  parts.  In  the 
spleen  and  kidneys  this  is  frequently  the  case.  The  tissue,  especially 
if  the  artery  be  of  large  size,  dies  without  any  considerable  engorge- 
ment, and  in  these  organs  the  dead  tissue  undergoes  a  peculiar  pro- 
cess of  coagulation  (see  Coagulation  Necrosis),  the  result  being  the 
formation  of  a  dense  pale  wedge,  the  white  infarction.  In  the  spleen 
and  kidney  we  have  all  gradations  between  the  white  and  the  hemor- 
rhagic infarctions,  and  a  white  infarction  is  often  surrounded  by  a 
reel  zone  in  which  hemorrhage  has  occurred.  In  the  brain  and 
retina  necrosis  occurs  in  the  form  not  of  coagulation  but  of  soften- 
ing, and  there  is  usually  little  hemorrhage,  hence  a  white  softening. 

The  superior  mesenteric  artery,  although  it  has  many  anastomos- 
ing branches,  is  so  large  in  comparison  with  these  vessels  that  its 
obstruction  may  lead  to  engorgement  and  necrosis  in  the  portion  of 
intestine  to  which  it  is  distributed. 

The  portal  vein  is  fn  its  distribution  an  end  artery,  but  infarction  does  not  occur 
as  a  result  of  plugging.  The  explanation  is  that,  not  only  is  the  liver  supplied 
by  the  hepatic  artery  in  addition  to  the  portal  vein,  but  the  blood  of  the  former, 
after  passing  through  its  own  proper  capillaries  in  the  walls  of  the  vessels  and 
connective  tissue  of  the  liver,  is  carried  into  the  interlobular  veins  which  are 
the  terminals  of  the  portal  vein.  Obstruction  of  the  latter  will  not  therefore 
stop  the  circulation. 

It  will  be  obvious  that  arteries  possessing  free  anastomoses  may  be 
reduced  to  the  condition  of  end-arteries  if  their  anastomoses  are  no 
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longer  available.  If,  as  sometimes  happens,  an  embolus  passing  to 
the  leg  breaks  up,  say,  by  being  propelled  against  a  bifurcation,  and 
is  scattered  to  a  number  of  stems  simultaneously,  then  the  circulation 
will  be  re-established  very  slowly  or  not  at  all,  and  necrosis  is  liable 
to  occur,  especially  if  the  circulation  is  already  feeble.  Thus,  we 
may  have  gangrene  of  the  toes  occurring  in  this  way.  It  is  to  be 
added  that  in  old  people  obstruction  of  a  number  of  arteries  some- 
times occurs  from  thrombosis  as  a  result  of  atheroma,  and  this  may 
likewise  lead  to  necrosis. 

Disposal  of  the  infarction. — In  the  case  of  the  hemorrhagic  in- 
farction of  the  lung,  if  necrosis  does  not  occur  there  may  be  complete 
restoration.     The  circulation  may  be  resumed  by  organization  and 


Fig.  39. — Infarction  of  kidney  undergoing  absorption.  The  infarction  is  white  and 
depressed  below  the  level  while  the  tissue  is  puckered  around  it.    (After  Rayer.) 


vascularization  of  the  plug  in  the  manner  already  described  under 
Thrombosis,  and  the  blood  being  removed  from  the  alveoli,  the  air 
re-enters.  (For  proof  of  this  see  under  Lung,  Hemorrhagic  Infarc- 
tion.) In  some  cases,  however,  necrosis  does  occur,  so  that,  if  the 
patient  survive,  symptoms  like  those  of  phthisis  develop,  and  lung 
tissue  has  been  known  to  be  spit  up.  As  the  necrosed  lung  tissue- 
is  disposed  of  a  cicatrix  will  take  its  place. 

The  solid  infarctions  in  the  spleen  and  kidneys,  whether  red  or 
white,  are  treated  like  dead  animal  matter  in  any  protected  situation 
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among  the  living  tissues.  They  are  gradually  absorbed  (see  Fig. 
39)  and  their  place  is  taken  by  cicatrices,  in  the  midst  of  which, 
even  at  a  late  date,  little  pieces  of  cheesy-looking  material  may  be 
seen.  In  the  case  of  red  infarctions,  the  blood-pigment  is  first  dis- 
solved out  of  the  corpuscles,  and  then  partly  absorbed  and  partly 
deposited  in  the  form  of  solid  granules,  the  result  being  that  the 
infarction  becomes  pale. 

The  softened  brain  tissue  is  also  absorbed,  and  a  cicatrix  or  a  cyst 
takes  its  place.  So  is  it  with  the  retina,  the  piece  of  tissue  is  lost 
and  absorbed.  In  the  case  of  the  superior  mesenteric  artery,  the 
slough  of  the  bowel  and  haemorrhage  lead  on  mostly  to  a  fatal  result, 
but  cases  do  occur  in  which,  after  the  separation  of  a  slough,  an 
ulcer  is  left  which  may  ultimately  cicatrize. 

Special  forms  of  embolism. — (1)  Malignant  tumours  not  infrequently 
extend  into  the  blood  and  form  secondary  tumours  by  embolism.  (See 
Metastasis  of  tumours.) 

(2)  Fat-embolism.  — Oil  or  fluid  fat  not  infrequently  gets  into  the 
blood,  and  it  may  obstruct  the  small  arteries  and  capillaries.  This 
occurs  mostly  in  consequence  of  fracture  of  bones,  but  also  after 
injuries  to  the  subcutaneous  adipose  tissue,  as  in  operations,  or  from 
rupture  of  the  liver  when  it  contains  fat  in  excess.  In  these  cases 
the  fat  finds  entrance  to  the  blood  by  the  veins  which  are  ruptured, 
but  there  are  cases  in  which  apparently  it  reaches  the  blood  cir- 
cuitously  by  the  lymphatics  ;  in  suppurations  occurring  in  parts  rich 
in  fat,  such  as  the  uterus  after  delivery  (endometritis),  this  may 
occur  (Cohnheim).  Oil  also  occurs  in  the  blood  in  cases  of  diabetes. 
(See  Lipsemia.) 

The  oil  finds  its  way,  carried  by  the  blood,  to  the  right  side  of 
the  heart  and  on  into  the  lungs.  If  small  in  quantity  it  obstructs 
a  few  capillaries  and  small  arteries,  and  there  is  no  appreciable  effect. 
But  if  a  considerable  number  of  small  arteries  near  each  other  be 
obstructed,  or  even  a  large  number  of  capillaries,  we  may  have  a  con- 
dition resembling  the  hemorrhagic  infarction.  In  some  cases  the  oil 
may,  to  some  extent,  pass  through  the  lung  capillaries,  and  it  is  then 
found  mostly  in  the  Malpighian  tufts  of  the  kidney,  one  or  two  loops 
being  here  and  there  filled.  There  are  a  few  rare  cases  on  record 
in  which  extensive  embolism  has  occurred  in  the  smallest  vessels  of 
the  brain,  conjunctiva,  skin,  muscles,  heart,  intestines,  liver,  and 
kidneys,  and  has  apparently  been  the  cause  of  death. 

The  oil  may  be  detected  in  the  capillaries  or  small  arteries  in  the 
lung  or  elsewhere  (see  Fig.  40),  especially  in  sections  which  have  been 
treated  with  osmic  acid. 
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(3)  Air-embolism. — The  admission  of  a  considerable  quantity  of  air 
into  veins  near  the  heart  often  leads  to  a  fatal  result,  and  some  have 
supposed  that  embolism  in  the  lungs  is  the  cause.  As  the  pressure 
in  the  veins  near  the  heart  is  very  low,  and  there  is  even  a  degree 
of  suction  during  inspiration,  there  is  great  danger  in  opening  such  a 
vein  as  the  jugular.  Air  admitted  at  a  distance  from  the  heart,  as 
by  the  uterine  veins  after  delivery,  may  also  cause  death  (see  case 
referred  to  by  Birch-Hirschfeld).  In  regard  to  the  cause  of  death  in 
these  cases  it  is  important  to  notice  that  a  repeated  admission  of  small 
quantities  of  air  does  not  produce  serious  results,  whereas  a  single 


Fig.  40. — Oil  or  fat  embolism  of  the  lung.  The  fat  occupies  the  smaller  arteries  and 
extends  into  the  capillaries,  which,  towards  the  right,  form  a  network  injected  with 
oil.    (Thierfelder.)    x  90. 


large  admission  is  rapidly  fatal.  This  hardly  looks  as  if  embolism 
were  the  cause,  and  as  a  matter  of  fact,  the  air  is  found  after  death 
mainly  churned  up  with  the  blood  in  the  right  auricle  and  ventricle, 
which  are  usually  enormously  dilated.  It  seems  that  the  right  ven- 
tricle, in  contracting,  merely  squeezes  together  the  elastic  air  which 
again  expands  during  the  diastole.  The  force  of  the  heart  is  thus 
fruitlessly  expended  and  the  blood  is  not  sent  into  the  pulmonary 
artery.  Moreover,  the  over-distension  of  the  right  auricle  with  air 
prevents  the  admission  of  blood  from  the  venae  cava?.  Thus  the  cir- 
culation is  at  a  standstill  and  death  results. 

(4)  Infective  embolism. — Hitherto  the  phenomena  of  embolism  have 
been  referred  to  on  the  supposition  that  the  obstructing  plug  is  in 
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itself  of  an  indifferent  nature.  If  this  is  not  so,  and  especially  if  the 
plug  contains  specific  microbes,  more  particularly  those  of  inflammation 
(pyogenic),  then  the  results  are  very  different.  In  some  cases  the 
veins  are  in  communication  with  wounds  which  are  the  seat  of  decom- 
position, and  the  thrombi  which  form  contain  pyogenic  micrococci. 
If  embolism  occurs,  then  each  embolus,  whether  in  an  artery  or  capil- 
lary, is  likely  to  form  a  centre  of  inflammation.  Hence  arise  multiple 
abscesses,  chiefly  in  the  lungs,  but  also  in  the  kidneys,  liver,  and 
elsewhere.  A  similar  infective  embolism  may  occur  in  consequence 
of  the  existence  of  a  focus  of  infection  in  the  heart.  (See  Ulcerative 
Endocarditis.) 

Literature. — Virchow,  as  under  Thrombosis ;  Cohnheim,  Neue  Untersuchungen 
iiber  die  embolischen  Processe,  1872 ;  Allgemeine  Pathologie,  1882,  chap.  iv.  ; 
Cohnheim  und  Litten,  Virch.  Arch.,  lxv.  and  lxvii. ;  Kossuchin,  Virch.  Arch.,  lxvii. ; 
Recklinghausen  (Retrograde  Embolism),  Virch.  Arch.,  c.  Embolism  of  superior 
mesenteric  artery — Litten,  Virch.  Arch.,  lxiii. ;  Moyes,  Glasgow  Med.  Jour.,  1880 
(full  account  of  literature,  etc.).  Fat-embolism — Zenker,  Beitrage,  z.  norm,  und 
path.  Anat.  d.  Lunge,  1862,  p.  31  ;  Wagnek,  Arch.  d.  Heilk.,  1862,  hi.,  241;  Busch, 
Virch.  Arch.,  1866,  xxxv.,  321  ;  Scriba,  Deutsch.  Zeitschr.  f.  Chirurgie,  xii.,  118  ; 
Saunders  and  Hamilton,  Edin.  Med.  Jour.,  July,  1879.  Air-embolism — Amussat 
Introduction  de  Fair  dans  les  veines,  1839 ;  Panum,  Virch.  Arch.,  xxv.  ;  Couty, 
Etude  exper.,  1875  ;  Birch-Hirschfeld,  Lehrbuch  d.  path.  Anat.,  1886,  vol.  i.,  p.  26. 

HAEMORRHAGE. 

Two  forms  of  haemorrhage  are  to  be  distinguished,  namely,  by 
rupture  (per  rhexin),  and  by  diapedesis  (per  diapedesin).  In  the  latter 
case  the  blood  escapes  through  the  walls  without  solution  of  their 
continuity.  Haemorrhage  by  rupture  may  take  place  from  any  size 
or  kind  of  vessel,  and  when  it  occurs  there  will  be  an  escape  of  the 
whole  blood.  Haemorrhage  by  diapedesis  occurs  only  in  the  finest 
vessels,  mainly  the  capillaries ;  it  is  chiefly  the  red  corpuscles  which 
escape,  and  with  them,  of  course,  some  fluid,  but  the  fluid  has  not 
the  constitution  of  the  entire  blood-plasma. 

1.  Causation. — The  escape  of  blood  is  produced  for  the  most  part 
by  injury  or  disease  of  the  walls  of  the  heart  or  blood-vessels,  or 
by  an  increase  in  the  blood-pressure,  or  by  both  combined.  Some 
would  add  to  these,  alteration  in  the  constitution  of  the  blood,  but 
this  will  act  in  most  cases  by  injuring  the  walls  of  the  vessels.  It 
is  not  possible  to  separate  accurately  in  their  causation  haemorrhage 
by  rupture  and  by  diapedesis.  It  will  be  more  useful  to  enumerate 
the  various  conditions  which  may  lead  in  one  way  or  other  to 
haemorrhage. 

Haemorrhage  is  most  simply  produced  by  Direct  injury  (traumatic 
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haemorrhage)  as  in  wounds,  bruises,  fracture  of  bones,  etc.  It  may 
be  produced  by  Reduction  of  pressure  outside  the  vessels,  so  that 
the  blood-pressure  is  relatively  increased.  In  this  way  we  may  have 
haemorrhage  as  a  result  of  reducing  the  atmospheric  pressure  in 
cupping,  in  ascending  hills,  or  in  balloons.  To  a  similar  cause  may 
be  ascribed  haemorrhage  on  sudden  removal  of  tumours  or  exuda- 
tions. 

Venous  obstruction  is  one  of  the  most  important  causes  of  haemor- 
rhage. A  frequent  example  of  this  is  afforded  by  haemorrhage  from 
the  stomach  and  intestine  in  consequence  of  obstruction  of  the  portal 
vein  by  thrombosis  or  by  cirrhosis  of  the  liver.  Thrombosis  of  the 
longitudinal  sinus  of  the  dura  mater  may  lead  to  haemorrhage  in  the 
brain  substance ;  the  haemorrhage  is  usually  capillary,  but  may  be  in 
the  form  of  a  large  extravasation.  Violent  contraction  of  muscles  is 
not  a  common  cause,  but.  in  severe  vomiting  the  obstruction  of  the 
veins  by  the  contraction  of  the  muscular  coat  of  the  stomach  fre- 
quently produces  ecchymosis  of  the  mucous  membrane  and  erosions, 
and  sometimes  leads  to  considerable  haemorrhage.  In  all  these 
cases  the  venous  obstruction  induces  passive  hyperemia,  and  the 
haemorrhage  is  mostly  by  diapedesis. 

Increase  of  arterial  pressure  is  rarely  in  itself  a  cause  of  haemor- 
rhage. It  is  probably  the  chief  element  in  the  causation  of  the  small 
subpleural  and  subpericardial  haemorrhages  met  with  in  death  by 
asphyxia.  (See  under  Organs  of  Respiration.)  It  is  on  the  other 
hand  a  frequent  contributing  cause  where  there  js  existing  disease 
of  the  vessels. 

Disease  of  the  walls  of  the  heart  or  vessels  is  another  cause  of 
haemorrhage.  In  this  category  are  included  conditions  of  the  heart 
due  to  disease  of  the  coronary  arteries  (which  see),  aneurysm  and 
atheroma  of  artejies,  and  varicose  dilatation  of  veins.  In  all  of  these 
a  rise  in  the  blood-pressure  is  frequently  the  determining  cause  of 
the  haemorrhage,  and  hypertrophy  of  the  left  ventricle,  implying  a  more 
or  less  permanent  elevation  of  the  blood-pressure,  forms  a  constant 
source  of  danger,  where  the  vessels  are  diseased.  New-formed  vessels, 
whether  in  inflammatory  new-formations  or  in'  tumours,  are  prone  to 
rupture,  presumably  on  account  of  thinness  of  their  walls.  Obstruc- 
tion of  arteries  and  capillaries  produces  haemorrhage,  as  we  have 
already  seen,  in  the  case  of  the  hemorrhagic  infarction.  Fat-embolism, 
even  when  the  obstruction  is  entirely  capillary,  may  have  this  effect, 
and  according  to  Busch  and  Recklinghausen  the  haemorrhages  may 
be  in  the  brain  and  heart  as  well  as  in  the  lungs. 

Haemophilia  or  Hemorrhagic  diathesis  is  a  condition  in  which 
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haemorrhage  is  apt  to  occur  from  very  trivial  causes,  and  it  is  very 
difficult  to  get  the  haemorrhage  stopped.  It  is  an  eminently  hereditary 
condition,  and  is  probably  due  to  faulty  construction  of  the  vessels. 
Virchow  has  observed  thinness  and  smallness  of  the  aorta  in  one 
case,  and  Blagden  describes  a  case  in  which  the  arteries  were  thin 
and  nearly  transparent. 

Blagden's  description  of  the  whole  case  certainly  suggests  defect  in  the  arteries 
as  the  cause  of  the  haemorrhage.  The  patient,  when  a  boy,  had  a  tooth  extracted, 
and  the  bleeding  lasted  21  days.  At  the  age  of  26  a  slight  wound  of  the  forehead 
caused  a  long-continued  and  recurring  haemorrhage.  The  divided  vessel  was 
ligatured  in  two  places,  but  it  gave  way  behind  the  ligature,  and  the  haemorrhage 
returned.  The  coats  of  the  vessel  were  observed  to  be  very  thin,  like  paper.  This 
haemorrhage  was  ultimately  stopped  by  the  application  of  kali  purum,  which  caused 
extensive  sloughing  and  exfoliation  of  bone.  The  fatal  haemorrhage  resulted  from 
the  extraction  of  a  tooth.  There  was  profuse  bleeding  from  the  alveolus,  which 
could  not  be  controlled  by  stuffing  the  socket,  by  cold,  or  by  the  cautery.  Then  the 
carotid  was  ligatured,  but  the  bleeding  continued,  and  occurred  also  in  the  operation 
wound.  The  patient  died  a  week  after  the  extraction  of  the  tooth.  After  death  the 
coats  of  the  temporal  and  some  other  branches  of  the  external  carotid  were  seen  to 
be  thin  and  nearly  transparent. 

Alteration  of  the  blood  is  another  cause  of  haemorrhage.  It  may 
be  that  the  blood  has  been  altered  as  regards  one  or  more  of  its 
essential  constituents,  as  in  scurvy,  anaemia,  leukaemia,  or  that  a 
morbid  poison  is  present  in  the  blood,  as  in  typhus  fever  (petechia?  in 
skin),  small-pox,  yellow  fever,  snake-bite,  poisoning  by  phosphorus. 
Watson  Cheyne  and  Eussell  have  recently  ascribed  the  haemorrhage 
in  purpura  to  obstruction  of  capillaries  by  colonies  of  microbes. 
Weigert  has  described  a  similar  condition  in  haemorrhagic  small-pox. 

Nervous  influences  may  lead  to  haemorrhage.  The  physiological 
haemorrhage  of  menstruation  is  effected  by  means  of  the  nervous 
system.  The  same  applies  to  vicarious  menstruation,  in  which, 
in  consequence  of  interference  with  the  ordinary  process  in  the  uterus, 
haemorrhage  occurs  in  other  situations,  as  the  nose,  mouth,  or  lungs. 
Bloody-sweating1  or  Haematidrosis  is  another  instance  of  bleeding  in 
consequence  of  nervous  influences. 

2.  Stilling  of  haemorrhage. — In  the  case  of  haemorrhage  by  diape- 
desis,  and  more  particularly  in  haemorrhage  due  to  passive  hyperaemia 
and  alterations  in  the  blood,  the  haemorrhage  will  cease  when  the 
cause  is  removed.  If  the  vessel  has  been  actually  ruptured,  then 
the  stoppage  will  occur  by  thrombosis.  The  torn  edge  of  the  aper- 
ture will  itself  induce  thrombosis,  and  as  the  blood  is  in  motion  the 
thrombus  will  be  a  white  or  mixed  one.  It  often  happens  that  as 
the  current  is  too  strong  to  allow  of  a  thrombus  readily  forming  at 
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the  aperture,  the  coagulation  may  begin  in  the  blood  outside,  and 
the  clot  thus  formed  may  materially  assist  in  stopping  the  aperture. 
Thus  in  the  case  of  a  divided  artery  the  contraction  of  the  muscular 
coat  causes  narrowing  of  the  calibre  and  a  withdrawal  of  the  vessel 
within  its  sheath.  There  is  thus  left  a  certain  extent  of  empty 
sheath  in  which  the  blood  may  coagulate.  This  contraction  of  the 
muscular  coat  is  brought  about  in  the  first  instance  by  the  stimulus 
of  the  agent  which  caused  the  rupture,  and  it  will  be  kept  up  by 
the  irritation  of  the  blood  on  the  exposed  and  torn  structures.  (See 
Fig.  32,  p.  104.)  Other  circumstances  may  favour  the  stilling  of  the 
haemorrhage.  If  the  bleeding  is  considerable  the  anaemia,  by  weaken- 
ing the  heart  and  reducing  the  blood-pressure,  will  more  readily 
allow  of  thrombosis.  On  the  other  hand,  circumstances  may  be 
unfavourable  to  the  stilling  of  the  haemorrhage,  more  especially  when 
they  hinder  contraction  of  arteries.  Amongst  these  may  be  men- 
tioned disease  of  the  walls  of  arteries  (atheroma,  aneurysm),  the 
application  of  warmth,  and  a  longitudinal  wound.  In  the  last- 
mentioned  case  the  contraction  of  the  artery  will  cause  the  wound 
to  gape,  and  the  haemorrhage  is  with  difficulty  stopped  unless  the 
surgeon  cuts  the  vessel  right  across. 

3.  Seat  of  the  effused  blood. — When  bleeding  occurs  at  the  free 
surface  of  the  body,  the  blood  usually  passes  away  and  is  lost.  On 
the  other  hand,  it  may  take  place  into  an  existing  cavity,  or  the 
blood  may  make  a  cavity  for  itself  by  tearing.  Sometimes  the  blood 
in  such  a  cavity  forms  a  distinct  tumour-like  mass,  which  may  be 
somewhat  permanent ;  this  condition  is  called  Hsematoma.  If  the 
blood  permeates  the  interstices  of  the  tissues  without  tearing,  the 
condition  is  called  Hemorrhagic  infiltration.  Infiltration  of  the  skin 
or  subcutaneous  tissue  is  called  Ecchymosis  or  Sugillation.  Small 
patches  of  haemorrhage  in  the  skin  arising  chiefly  in  purpura  and 
acute  fevers  are  called  Petechias  or  Vibices. 

Certain  haemorrhages  have  received  special  names ;  thus,  Epistaxis  is  bleeding 
from  the  nose,  Haematemesis  from  the  stomach,  Haemoptysis  from  the  respiratory 
organs,  Metrorrhagia  from  the  uterus,  .Haematuria  from  the  urinary  organs.  When 
blood  accumulates  in  cavities,  special  names  are  sometimes  given ;  thus  in  the 
case  of  the  uterus,  Haematometra  ;  of  the  pleura,  Haemothorax ;  of  the  pericardium, 
Hsemopericardium  ;  of  the  tunica  vaginalis  of  the  testicle,  Haematocele. 

4.  Disposal  of  the  blood. — In  the  case  of  haemorrhage  by  diapedesis 
and  in  most  haemorrhagic  infiltrations,  the  blood,  being  in  the  serous 
spaces  and  in  communication  with  the  lymphatics,  is  readily  carried 
off.  Before  it  is  finally  disposed  of  in  this  way,  however,  it  may 
have  undergone  changes,  especially  in  the  red  corpuscles,  such  as 
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result  in  a  greater  or  lesser  degree  of  pigmentation.  These  changes 
are,  however,  similar  to  those  about  to  be  mentioned  as  occurring 
in  larger  haemorrhages. 

In  larger  haemorrhages  the  blood  forms  a  mass  and  coagulates,  while 
at  the  periphery  there  is  a  certain  amount  of  infiltration  into  the 
surrounding  tissue.  An  early  phenomenon  is  the  solution  of  the 
haemoglobin  of  the  red  corpuscles.  A  red  solution  is  thus  formed 
which  may  stain  the  tissues  for  some  distance  around.  The  peculiar 
bright  red  colour  which  one  sees  in  the  neighbourhood  of  a  haemor- 
rhage in  the  brain,  or  the  various  colours  seen  in  the  skin  after  an 
effusion  of  blood  into  it,  are  due  to  staining  of  the  tissues  with  the 
dissolved  colouring  matter  of  the  blood,  but  neither  of  these  is  per- 
manent. As  the  pigment  is  dissolved  it  will  pass  off  with  the  fluid 
into  the  lymphatics,  and  the  staining,  while  it  may  be  somewhat 
extensive,  will  be  evanescent. 

A  more  durable  Pigmentation  may  result  in  two  different  ways. 
In  the  first  place,  the  colouring  matter  after  being  dissolved  out  of 

the  corpuscles  is  often,  after  a 
time,  deposited   in  the  solid 
form,  appearing  as  crystals  of 
^  ▼  haematoidin  (see  Fig.  41),  or  as 

^     ^  ^       ^    granules.     This  solid  pigment 

%  0  a  |  is   somewhat  permanent.  In 

the  second  place,  the  red  blood 
corpuscles  may  be  taken  into 
the  substance  of  other  cells, 

Fig.  41.— Crystals  of  haematoidin  from  an  old 
haemorrhage  in  the  brain.    Their  colour  is  reddish     and  SO  disposed  01.      (bee  rath 
brown,    x  350.  i      •     i   -r»-  \ 

oiogical  .Pigmentation). 
If  the  blood  is  considerable  in  amount  it  comes  to  be  treated  as 
a  piece  of  dead  animal  matter  in  the  midst  of  the  living  tissues. 
Inflammation  occurs  around  it,  and  this  leads  to  what  is  called 
Organization  of  the  clot.  In  this  case  the  process  is  very  similar 
to  that  already  referred  to  in  the  organization  of  the  thrombus 
(which  see),  and  "the  result  is  usually  the  formation  of  a  cicatrix. 
Sometimes  a  process  in  some  respects  similar  to  the  formation  of 
cavernous  tissue  in  place  of  the  thrombus  occurs,  but  instead  of  the 
meshes  being  filled  with  blood  they  are  filled  with  serous  fluid.  Thus 
in  the  case  of  a  haemorrhage  in  the  substance  of  the  brain  the  new- 
formed  connective  tissue  which  replaces  the  effused  blood  is  unable 
from  the  brittle  nature  of  the'  brain  tissue,  and  the  fact  that  it 
is  contained  in  a  closed  rigid  cavity,  to  form  a  cicatrix  by  its 
contraction.   Instead  of  that,  by  its  contraction   it  leaves  spaces 
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which  are  filled  with  serous  fluid,  and  so  we  have  the  apoplectic 
cyst. 

An  old  clot  which  is  not  in  a  position  to  be  readily  disposed  of 
in  any  of  the  ways  described  may  dry  in  and  finally  become  im- 
pregnated with  lime  salts.  It  need  hardly  be  said  that  when  exposed 
to  septic  influences  a  clot  is  liable — perhaps  very  liable — to  undergo 
decomposition. 

Literature. — Hemorrhage  by  diapedesis — Stricker,  Sitzungsber.  d.  Wien.  Akad., 
1865-66-67 ;  Cohnheim,  Virch.  Arch.,  xli.  and  xlv.,  and  Allg.  Path.,  i.,  368 ; 
Arnold,  Virch.  Arch.,  lviii.,  203,  231.  Hemophilia — Blagden,  Med.  Chir.  trans., 
viii.,  224,  1820;  Wickham  Legg,  Treatise  on  H.,  1872;  Grandidier,  Die  Hiimo- 
philie,  1877;  Recklinghausen,  Allg.  Path.,  p.  91;  Virchow,  Deutsch.  Klinik, 
1856.  Purpura — Russell,  Brit.  Med.  Jour.,  Sept.,  1883  ;  Watson  Cheyne,  Path, 
trans.,  xxxv.,  1884.  Arrest  of  hemorrhage — Stilling,  Proc.  bei  d.  Heilung  der 
Blutgefasse,  1834;  Paget,  Lectures  on  Surg.  Path.,  3rd.  ed.,  1870.  Hematoma — 
Virchow,  Geschwlilste,  L,  144. 

(EDEMA  AND  DROPSY. 

In  order  to  understand  these  conditions  it  is  necessary  to  refer  to 
certain  points  in  the  normal  relations  of  the  lymphatic  circulation. 
The  connective  tissue  throughout  the  body  is  as  it  were  permeated 
with  spaces  of  various  shapes  in  which  the  connective  tissue  corpuscles 
lie.  These  lacuna  or  serous  spaces  are  lined  with  endothelium  like 
the  blood-vessels  and  lymphatics  themselves.  The  serous  spaces  are 
provided  (as  shown  in  Fig.  42)  with  numerous  anastomosing  processes, 
and  they  communicate  on  the  one  hand  with  the  interior  of  the  blood- 
vessels, and  on  the  other  with  the  lymphatics.  Arnold  and  others 
(see  Fig.  43)  have  succeeded  in  injecting  the  serous  spaces  from  the 
blood-vessels,  especially  when,  as  in  passive  hyperemia,  the  channels  of 
communication  between  blood-vessels  and  spaces  have  been  widened. 
We  are  to  suppose  that  a  circulation  is  continually  proceeding  from 
the  capillary  blood-vessels  into  these  spaces,  and  so  into  the  capillary 
lymphatics.  The  serous  cavities  of  the  body  are  to  be  regarded  as 
large  serous  spaces.  They  also  are  lined  with  endothelium,  and  are 
continuous  with  the  lymphatic  capillaries.  To  a  considerable  extent 
also  the  lung  alveoli  are  similar  to  the  serous  spaces.  We  know  that 
fine  dust  inhaled  into  the  alveoli  readily  passes  into  the  lymphatics, 
and  in  oedema  of  the  lung  the  fluid  is  in  the  alveoli. 

(Edema  is  overfilling  of  the  serous  spaces  with  fluid,  dropsy  is  over- 
filling of  the  serous  cavities,  but  the  latter  term  is  often  used  in  a 
general  sense  to  include  both.  When  oedema  affects  the  body  generally 
it  is  often  called  general  dropsy,  or  Anasarca  or  Hyposarca.  Opposed 
to  this  are  local  oedema  and  local  dropsy. 
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Causation  and  nature  of  the  process.— Anything  which  causes  an 
excess  of  fluid  in  these  spaces  or  cavities  will  produce  oedema  or 
dropsy,  and  the  first  condition  which  suggests  itself  is  obstruction  of 
the  lymphatics.  The  force  which  carries  on  the  lymphatic  circulation 
is  largely  the  blood-pressure  propagated  from  the  capillaries,  and  it 


Fig.  42.— Serous  spaces  (cc)  and  lymphatic  capillaries  (dd)  on  pleural  surface  of  dia- 
phragm in  preparation  treated  with  nitrate  of  silver.  The  connection  of  the  branched 
spaces  with  the  commencing  lymphatic  vessels  is  shown.  (Recklinghausen.) 


may  be  expected  that  obstruction  to  a  lymphatic  stem  would  pro- 
duce accumulation  of  fluid  in  the  spaces.  But  it  is  to  be  remembered 
that  the  serous  spaces  are  in  as  close  relation  to  the  blood-capillaries 
as  they  are  to  the  lymph-capillaries,  and  any  obstruction  to  the  lym- 
phatics will  probably  have  the  effect  of  causing  the  transuded  fluid  to 
return  to  the  blood-capillaries.  Majendie  demonstrated  that  the  power 
of  absorption  possessed  by  the  veins  is  very  great,  and  experiment  has 
shown  that  the  whole  lymphatics  of  a  limb  may  be  ligatured,  or  what 
is  equal  to  that,  the  entire  lymphatic  glands  excised  without  producing 
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oedema.  The  blood-vessels  take  up  the  functions  till  new  lymphatic 
channels  are  formed. 

When  the  Thoracic  duct  is  obstructed  there  is  not  necessarily  any 
oedema  or  dropsy,  although  lesions  which  obstruct  the  duct  generally 
interfere  also  with  the  veins  and  predispose  to  oedema.  On  the  other 
hand,  when  the  duct  is  obstructed  there  is  distension  distal  to  the  seat 
of  obstruction,  and  this  may  lead  to  rupture  of  the  chyle  vessels  in  the 


Fig.  4a. — Capillary  blood-vessels,  serous  spaces  and  capillary  lymphatics  of  the 
frog's  swimming-  web,  filled  with  (blue)  injection  material  thrown  into  the  blood- 
vessels. (The  black  branched  bodies  are  the  normal  pigment  cells.)  a,  a,  Capillary 
blood-vessels  filled  with  injection  material,  b,  b,  Lymphatic  capillaries  also  injected 
but  less  full  than  the  blood  capillaries,  c,  c,  Serous  spaces  injected  from  the  blood- 
vessels. The  injection  was  made  after  passive  hyperajmia  had  heen  produced  by 
ligaturing  the  vein.    (Arnold.)    x  250. 

abdomen  or  of  the  duct  itself.  In  this  way  occur  Chylous  ascites  and 
Chylous  pleural  exudation.  Recklinghausen  has  also  seen  a  case  of 
chylous  ascites  arising  from  obstruction  of  the  chyle  vessels  of  the 
mesentery  with  cancerous  growth.  Manson,  again,  accounts  for  the 
occurrence  of  chylous  urine  and  lymph  scrotum  by  obstruction  of  the 
lymphatic  glands  with  the  ova  of  the  filaria  sanguinis  (see  under 
Parasites).  We  may  say,  however,  that  with  these  exceptions,  ob- 
struction of  lymphatics  does  not  of  itself  lead  to  oedema  or  dropsy, 
although  it  is  clear  that  it  may  aggravate  an  oedema  whose  cause  is  to 
be  found  in  some  other  condition. 

Passive  hyperemia  is  the  most  frequent  cause  of  oedema  and  dropsy. 
Here  there  is  increased  pressure  in  the  capillaries  and  veins,  and  a 
greatly  increased  transudation.  From  what  has  gone  before,  it  will 
appear  probable  that  the  increase  of  pressure  is  not  the  only  element 
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in  the  case,  but  that  the  capillary  wall  is  so  altered  as  to  be  abnormally 
permeable.  Indeed,  alteration  of  the  capillary  wall  is  evidently  the 
more  important,  as  shown  by  the  fact,  already  referred  to,  that  oedema 
is  most  likely  to  occur  where  from  weakness .  of  the  heart  the  circula- 
tion is  specially  sluggish.  It  is  so,  for  example,  in  hypostatic 
hyperemia.  The  recent  observations  of  Lazarus-Barlow  indicate  that 
increase  of  venous  or  of  lymphatic  pressure  alone  is  insufficient  to 
produce  oedema,  and  that  in  the  oedema  of  passive  hyperemia  insuffi- 
ciency in  the  supply  of  blood  or  in  the  quality  of  the  blood  is  the 
essential  element.  This  view  appears  more  probable  when  we  find 
that  Active  hyperemia  rarely  produces  oedema  unless  complicated  with 
inflammation,  in  which  case  the  agent  which  causes  the  inflammation 
presumably  acts  on  the  capillary  wall.  (See  under  'Inflammation.) 
In  passive  hyperaemia  the  fluid  exuded  is  a  watery  serum,  and  as  there 
is  diapedesis  it  contains  red  corpuscles  in  considerable  numbers.  The 
red  corpuscles  are  taken  up  by  the  leucocytes  as  already  described, 
and  carried  to  the  lymphatic  glands  where  they  disintegrate. 

It  should  be  added  that  in  the  case  of  passive  hyperasmia  it  requires  considerable 
increase  of  pressure  in  the  capillaries  to  produce  an  oedema.  It  has  even  been 
stated  that  a  simple  passive  hyperasmia,  apart  from  vaso-motor  paralysis  (produc- 
ing also  active  hyperasmia),  does  not  lead  to  oedema.  It  has  been  shown  that  if 
the  iliac  vein  of  a  dog  be  ligatured  there  is  no  oedema  till  the  sciatic  nerve  is  cut. 
The  explanation  of  this,  however,  may  be  that  on  account  of  its  anastomoses 
the  obstruction  of  this  vein  does  not  raise  the  blood-pressure  sufficiently  to 
induce  oedema,  whereas  a  coincident  vaso-motor  paralysis  producing  dilatation 
of  the  arteries  raises  the  blood-pressure  sufficiently.  Experiment  proves  that  if 
a  sufficient  number  of  veins  be  obstructed  oedema  will  result  without  vaso-motor 
paralysis.  Sotnitchewsky,  by  introducing  plaster  of  Paris  into  a  peripheral  vein  of 
the  leg  of  a  dog  while  the  thigh  was  constricted  by  an  elastic  band,  succeeded  in 
obstructing  a  number  of  veins  by  the  gypsum  hardening  in  them.  In  this  case 
oedema  followed  without  the  induction  of  vaso-motor  paralysis.  In  passive  hyper- 
emia from  thrombosis  of  veins  there  are  usually  many  veins  obstructed  before 
oedema  occurs.  In  the  case  of  passive  hyperasmia  from  heart-disease  it  may  well 
be  supposed  that  the  prolonged  venous  engorgement  will  produce  an  extensive 
deterioration  of  the  capillary  wall,  besides  a  depreciation  of  the  blood  itself.  Hence 
valvular  disease  of  the  heart  is  the  most  frequent  cause  of  this  form  of  oedema. 

A  watery  state  of  the  blood,  or  Hydraemia,  is  frequently  asserted 
as  a  cause  of  the  so-called  cachectic  oedemas.  According  to  Cohnheim 
and  his  assistants  a  simple  anaemia  induced  in  animals  by  repeated 
blood-lettings  and  the  replacement  of  the  blood  by  a  solution  of 
common  salt,  is  not  sufficient  to  induce  oedema.  In  the  human  subject, 
however,  the  conditions  are  different  from  those  of  such  an  acute 
hydraemia,  in  respect  that  in  chronic  emaciating  diseases  we  have  a 
prolonged  deterioration  of  the  blood,   during  which   the  general 


(EDEMA  AND  DROPSY. 


127 


nutrition  of  the  tissues  suffers.  Under  these  circumstances  the  blood- 
vessels become  more  permeable.  There  is  usually  also  in  these  diseases 
weakness  of  the  heart,  and  consequently  a  tendency  to  passive  hyper- 
emia in  dependent  parts.  A  slight  amount  of  passive  hyperemia 
will,  in  the  existing  state  of  the  blood  and  tissues,  induce  oedema. 
In  accordance  with  these  facts,  the  oedema  is  usually  in  the  lower 
extremities.  ■ 

The  causation  of  the  characteristic  (Edema  of  Acute  Brig'ht's 
disease  is  much  more  difficult  to  explain.  There  is,  indeed,  in  this 
disease  a  serious  reduction  in  the  specific  gravity  of  the  blood  serum. 
It  has  been  found  reduced  to  1020,  or  even  1013,  instead  of  standing 
at  1030,  which  is  the  normal.  This  hydremia  is  induced  in  two 
different  ways.  There  is  the  loss  of  albumen,  which  renders  the  blood 
directly  more  watery,  but  there  is  also  an  abnormal  retention  of  the 
water  in  the  blood,  as  there  is  a  great  reduction  in  the  amount  of 
urine  secreted.  These  facts  naturally  suggest  that  if  the  oedema  in 
Bright's  disease  is  not  due  simply  to  the  hydremia,  it  may  be  due  to 
this  in  conjunction  with  the  increased  bulk  of  the  blood,  to  a  Hydremic 
plethora.  This  view  has  obtained  much  support.  It  has  been  sup- 
posed that,  the  entire  bulk  of  the  blood  being  increased,  there  will  be 
increased  pressure  in  the  capillaries  and  increased  transudation  from 
the  watery  blood.  This  explanation,  however,  is  not  a  sufficient  one, 
as  it  is  opposed  by  observations  in  the  human  subject  and  by  experi- 
ments on  animals.  In  the  first  place  there  are  cases  of  absolute 
suppression  of  urine,  as  in  hysterical  females,  etc.,  in  which  we  must 
presume  an  exaggerated  hydremic  plethora,  but  without  a  trace  of 
oedema,  and,  in  the  second  place,  an  exaggerated  hydremic  plethora 
may  .be  induced  in  animals  without  leading  to  oedema  of  the  skin. 

In  some  experiments  by  Cohnheim  and  Lichtheim,  a  hydremic  plethora  was 
induced  by  injecting  a  solution  of  common  salt  into  the  vessels  of  animals.  Enor- 
mous quantities,  in  some  cases  more  than  three  times  the  bulk  of  the  blood,  could 
be  injected  without  killing  the  animal.  As  in  other  cases  of  transfusion,  these 
injections  did  not  produce  any  permanent  rise  in  the  blood-pressure.  The  most 
direct  result  was  a  great  acceleration  in  the  speed  of  the  blood  current,  presumably 
from  the  diminished  friction  of  the  watery  blood.  There  was  also  a  greatly 
increased  transudation,  and  consequently,  increased  flow  of  lymph.  But  this  was 
remarkably  localized.  There  was  a  greatly  increased  flow  of  lymph  in  the  thoracic- 
duct,  showing  that  in  the  viscera  the  transudation  was  increased ;  while  the 
lymphatics  of  the  limbs  showed  no  increase,  indicating  that  in  the  skin  and  muscles 
the  transudation  was  not  increased.  There  was  also  greatly  increased  secretion 
from  the  salivary  glands,  stomach  and  intestine,  liver,  lachrymal  glands,  and 
kidneys.  In  these  organs  an  oedema  was  developed,  that  is  to  say,  in  the  mucous 
membrane  and  submucous  tissue  of  the  stomach  and  intestines,  in  the  lymphatic 
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glands  of  the  mesentery,  in  the  pancreas,  kidneys,  gall  bladder,  salivary  glands  ; 
there  was  also  ascites,  but  no  oedema  of  the  subcutaneous  tissue.  The  explanation 
suggested  for  this  localization  of  the  increased  transudation  and  the  oedema  is, 
that  these  organs  are  all  normally  concerned  in  the  removal  of  water  from  the 
blood,  and  that  probably  their  blood-vessels  are  unusually  permeable  to  water.  The 
experiments  produce  a  great  increase  in  the  water  of  the  blood,  and  the  vessels 
give  ready  passage  to  it. 

These  observations  and  experiments  may  seem  to  throw  little  light 
on  the  oedema  of  Bright's  disease,  except  in  a  negative  way.  But 
looking  closely  at  the  experiments,  they  show  that  hydremic  plethora 
induces  increased  transudation  and  oedema  in  parts  predisposed.  In 
Bright's  disease  we  have  two  elements  which  are  awanting  in  these 
experiments.  On  the  one  hand  the  kidneys  are  inactive,  and  on  the 
other  there  is  in  the  blood  an  irritant,  which,  acting  on  the  kidneys, 
has  induced  the  disease  in  them.  This  irritant  may  be  presumed  to 
act  on  the  skin  as  well  as  on  the  kidneys.  As  Cohnheim  has  pointed 
out,  there  are  many  facts  which  indicate  a  close  relation  between 
the  skin  and  kidneys  in  BrighJ's  disease.  In  scarlatina,  for  instance, 
we  have  an  acute  inflammatory  hypersemia  of  the  skin  during  the 
febrile  stage.  But  there  are,  even  in  this  stage,  inflammatory  changes 
in  the  kidneys,  and  when  these  phenomena  advance  sufficiently  to 
induce  a  hydraemic  plethora,  it  is  perhaps  not  remarkable  that  oedema 
occurs  in  the  previously  damaged  skin.  In  the  experiments  above 
referred  to,  it  was  found  that  although  the  normal  skin  did  not 
become  oedematous,  yet  when  it  had  been  previously  inflamed,  as  by 
pencilling  with  iodine  solution,  or  by  exposing  to  a  strong  sun,  then 
oedema  showed  itself.  The  oedema  of  Bright's  disease  hence  approaches 
in  its  pathology  to  inflammatory  oedema. 

Nervous  influences  sometimes  play  a  part  in  the  production  of 
oedema.  The  most  familiar  examples  of  this  are  afforded  by  erythema 
nodosum,  and  urticaria,  where  nervous  irritation,  usually  reflex,  in- 
duces localized  swellings,  presumably  oedematous,  in  the  skin.  The 
bites  of  insects,  especially  fleas,  produce  similar  effects  in  some  persons, 
and,  in  this  case  as  in  the  others,  there  are  sensations  indicating  irrita- 
tion of  the  nerves.  In  injuries  to  nerve-stems,  some  authors  have 
observed  local  oedema,  and  oedema  sometimes  follows  paralysis,  both 
paraplegic  and  hemiplegic,  in  the  latter  case  forming  a  hemi-anasarca. 
Probably  in  all  these  cases  the  nervous  lesion  merely  induces  a 
condition  of  the  vessels  which  predisposes  to  oedema,  and  its  actual 
occurrence  is  determined  by  other  causes.  Thus  in  the  case  of  urti- 
caria and  flea  bites,  the  parts  are  usually  subjected  to  rubbing,  while 
in  paralysis  the  position  of  the  limbs,  conspiring  with  vaso-motor 
paralysis,  may  determine  oedema  by  inducing  passive  hypersemia. 
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Position  and  character  of  the  transudation. — The  fluid  transuded 
accumulates  where  there  is  room  for  it,  and  especially  in  places  where 
the  tissue  is  loose  and  easily  stretched.  The  elasticity  of  the  tissue  will 
therefore  have  a  considerable  influence  on  the  locality  of  the  oedema. 
The  oedema  of  Bright's  disease,  for  instance,  frequently  begins  in  the 
loose  subcutaneous  tissue  about  the  eyelids,  and  oedema  in  the  larynx 
is  in  the  loose  ary-epiglottic  folds. 

The  dropsical  fluids  are  deficient  in  albumen  as  compared  with 
the  liquor  sanguinis  or  inflammatory  exudations,  but  they  contain 
soluble  salts  in  proportions  nearly  equal  to  these  fluids. 

The  amount  of  albumen  varies  in  different  cases,  being  determined  to  some  extent 
by  the  state  of  the  blood,  and  the  condition  of  the  blood-pressure.  It  varies  also 
very  markedly  according  to  locality.  Thus  the  percentage  of  albumen  is  stated  by 
Keuss  to  be,  in  the  case  of  the  pleura,  22-51;  pericardium,  18*33;  peritoneum, 
11-14;  subcutaneous  tissue,  5-79 ;  brain  and  cord,  1-14.  Eecklinghausen  accounts 
for  the  larger  amount  of  albumen  in  the  pleura  and  peritoneum,  as  compared 
with  the  subcutaneous  tissue  and  pia  mater,  by  the  greater  richness  of  the  former 
in  capillaries.  Some  authors  assert  that  in  the  pia  mater  there  are  only  veins  and. 
arteries.  The  fluid  according  to  its  circumstances  may  contain  bile  pigment,  biliary 
acids,  fat,  etc.,  and  in  Bright's  disease  it  regularly  contains  urea. 

Myxcedema  is  a  term  of  recent  introduction,  which  designates  a  condition  char- 
acterized by  certain  alterations  in  the  skin  and  elsewhere  ;  the  condition  is  related 
to  atrophy  or  removal  of  the  thyroid  gland.    (See  further  on.) 

Literature. — Viechow,  Hanb.  d.  spec.  Path.,  i.  ;  Arnold,  Virch.  Arch.,  lxii.,  157. 
and  lxiv.,  120;  Piecklinghausen,  Allg.  Path.,  p.  94,  etc.;  Sotnitchewsky,  Virch. 
Arch.,  lxxvii.,  85  ;  Cohnheim  und  Lichtheim,  Virch.  Arch.,  lxix.,  106,  and  Cohnheim, 
Allg.  Path.,  vol.  i. ;  Hilton  Fagge,  Principles  and  Practice  of  Med.,  ii.,  442 ; 
Huneberg  (Filtration  of  solution  of  Albumen),  Arch.  d.  Heilk.,  xviii.,  1 ;  Heidenhain, 
Hermann's  Physiol.,  v. ;  Weir  Mitchell,  Morehouse,  and  KEEN/Gunshot  Wounds, 
etc.;  Eeuss,  Deutsch.  Arch.  f.  klin.  Med.,  xxiv.,  183;  Lazarus-Barlow,  Phil.  Trans, 
of  Roy.  Soc,  vol.  185,  1894. 
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SECTION  V. 
INFLAMMATION. 

Etiology.  Produced  by  irritants,  whose  character  is  to  injure  the  tissues  ;  in- 
fluences of  nervous  system,  etc.  ;  mode  of  entrance  of  irritants.  I.  Principal 
phenomena,  exhibited  in  an  experiment.  II.  The  state  of  the  vessels. — 
(Contraction  not  essential)  dilatation  with  active  hyperemia,  followed  by 
retardation ;  explanation  of  these  ;  paveinenting  of  veins.  Increase  of 
temperature,  not  due  to  heat  production,  but  to  excess  of  blood.  III.  The 
inflammatory  exudation.  (1)  J^he  serous  and  (2)  the  fibrinous  exudation, 
(3)  exudation  of  white  corpuscles  by  emigration  and  of  red  by  diapedesis, 
explanation  of  these  ;  chemiotaxis  ;  phagocytosis,  (4)  cells  from  other  sources, 
(5)  the  purulent  exudation,  suppuration  due  to  pyogenic  microbes  ;  the  ab- 
scess :  (croupous  and  diphtheritic  exudations).  IV.  Changes  in  the  tissues. 
(1)  Parenchymatous  changes;  (2)  New-formation  of  tissue,  (a)  in  the  granu- 
lating wound  ;  the  formative  cells  and  their  origin  ;  new-formation  of  blood- 
vessels and  of  epithelium  ;  (b)  other  inflammatory  new-formations.  V.  The 
issues  of  inflammation.    VI.  The  forms  of  inflammation. 

FT1HIS  is  a  subject  whose  importance  in  pathology  can  hardly  be 
over-estimated.  From  the  time  of  John  Hunter  its  phenomena 
have  been  taken  as  the  basis  of  various  speculations  on  the  nature 
of  pathological  phenomena  in  general.  It  is  impossible  to  give  a 
strictly  accurate  and  complete  Definition  of  inflammation.  The  oldest 
and  still  most  generally  received  definition  distinguishes  it  as  charac- 
terized by  the  four  cardinal  signs,  redness,  swelling,  heat,  and  pain 
(rubor,  tumor,  color,  dolor).  These  signs,  however,  by  no  means  apply 
universally,  and  they  are  typical  rather  of  the  early  stages  of  in- 
flammation than  of  the  later  ones. 

Etiology  of  Inflammation. — In  many  cases  the  causes  of  inflam- 
mation are  obscure,  and  this  applies  mainly  to  internal  organs  whose 
actions  are  greatly  hidden  from  our  view.  Inflammation  is  producible 
artificially  ;  and  if  we  study  the  modes  of  production  we  shall  find 
that  agents  are  used  to  which  the  general  name  of  Irritants  is  applied. 
The  inflammation  is  produced,  it  is  said,  by  irritating  the  part  in  some 
way.  The  name  irritant  is  apt  to  be  misleading,  as  it  embodies  the 
conception  of  a  stimulating  action  :  whereas  the  so-called  irritants, 
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in  their  nature  and  action,  possess  characters  rather  of  a  deadening 
than  of  a  stimulating  kind.  They  are  agents  which,  when  acting 
strongly,  are  calculated  to  kill  the  tissues,  and  acting  less  strongly 
they  may  be  supposed  to  damage  them  ;  it  is  in  this  latter  case  that 
they  produce  inflammation.  A  certain  degree  of  heat  or  cold  will 
kill,  a  less  degree  will  lead,  if  sufficiently  prolonged,  to  inflammation. 
Such  agents  as  croton  oil,  nitrate  of  silver,  chloride  of  zinc,  have  a 
damaging  action  on  the  tissues,,  and  they  are  some  of  the  commonest 
in  use  when  inflammation  is  to  be  produced.  Again,  traumatic  causes 
produce  inflammation;  a  direct  injury  inflicted  may  kill,  but  acting- 
less  vigorously  it  may  produce  inflammation.  The  agents,  however, 
although  their  direct  action  is  deleterious,  may  yet  induce  a  reaction 
in  the  tissues  and  in  this  sense  stimulate  them. 

In  inflammations  of  internal  organs  it  often  happens  that  no  such 
definite  cause  is  to  be  discovered,  but  even  in  them  the  direct  action 
of  an  irritant  is  sometimes  demonstrable.  In  one  of  the  hospitals 
in  Glasgow  a  medical  man  prescribed  a  table-spoonful  of  cough- 
mixture  ;  the  nurse  gave  a  table-spoonful  of  carbolic  acid  instead. 
The  result  was  an  acute  pneumonia  presenting  the  usual  physical 
signs  and  symptoms.  In  this  case  there  was  a  deleterious  agent 
introduced  into  the  stomach  and  so  into  the  circulation,  and  it  acted 
on  the  tissue  of  the  lungs  (perhaps  mainly  on  the  blood-vessels), 
possibly  during  the  process  of  excretion  by  these  organs. 

Again,  when  large  blisters  are  applied,  it  sometimes  happens  that 
the  active  chemical  principle  is  absorbed,  and,  passing  into  the  blood, 
produces  inflammation  of  the  kidneys  probably  during  the  process  of 
excretion.  And  so  in  all  inflammations  we  are  to  infer  the  existence 
of  some  deleterious  agent,  although  it  is  very  often  difficult  to  tell 
whence  it  has  come  and  what  is  its  nature. 

Many  inflammations  are  produced  by  infective  agents,  which,  again, 
are  related,  as  we  have  seen,  to  specific  microbes.  These  may  be 
applied  directly  to  the  tissues  or  may  be  carried  by  the  blood  to 
their  local  seats.  We  have  already  seen  that  in  this  latter  case  they 
generally  select  some  special  locality  for  their  action.  This  applies 
also  to  ordinary  poisons  as  the  instances  given  above  indicate. 

At  this  point  it  may  properly  be  inquired,  whether  the  Nervous 
system  has  anything  to  do  with  the  causation  of  inflammation.  There 
are  not  a  few  facts  which  suggest,  at  least,  some  connection.  In  some 
of  the  instances  the  connection  is  clearly  an  indirect  one.  For  in- 
stance, when  inflammation  of  the  eye  results  from  division  of  the 
fifth  nerve,  the  inflammation  is  really  traumatic  in  its  origin.  By 
the  severance  of  the  nerve  the  reflex  action  of  winking  is  abolished 
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as  well  as  the  secretion  of  tears,  and  so  the  organ  is  exposed  to 
injuries  and  unable  to  get  rid  of  foreign  bodies.  The  inflammation 
is  the  result  of  irritation  from  without,  and,  if  the  eye  be  carefully 
protected  (say  by  stitching  the  lids  together)  the  inflammation  does 
not  occur. 

But  there  are  cases  where  nervous  action  has  a  very  important 
and  apparently  direct  relation  to  the  cause  of  the  inflammation.  A 
man  with  a  stone  impacted  in  his  urethra  may  have  an  inflammation 
of  the  testicle.  Or,  after  the  passage  of  a  bougie  through  a  urethra 
with  a  partially  healed  wound,  there  may  be  a  rigor  with  immediate 
suppression  of  urine  and  an  acute  inflammation  of  the  kidneys.  These 
results  can  only  be  effected  by  reflex  action,  and  there  are  various 
ways  in  which  we  may  suppose  them  to  occur.  Reflex  irritation  may 
produce,  through  the  vaso-motor  nerves,  a  contraction  of  the  arteries 
of  an  organ,  and  in  the  case  of  the  kidney  this  contraction  may  be 
sufficient  virtually  to  bring  the  circulation  to  a  standstill.  The  im- 
mediate suppression  of  urine  resulting  on  the  passage  of  a  bougie 
can  scarcely  be  accounted  for  except  on  the  supposition  of  such  a 
spasmodic  contraction  amounting  almost  to  occlusion  of  the  renal 
arteries.  If  such  a  stagnation  of  the  blood  continues  long  enough 
the  vessels  will  be  so  damaged  that  when  the  circulation  is  restored 
inflammation  must  result. 

There  are,  however,  cases  of  internal  inflammations  which  are 
greatly  under  nervous  influences,  but  in  which  the  connection  cannot 
be  explained  merely  on  the  supposition  of  a  reflex  stimulation  of  the 
vaso-motor  nerves.  The  manifest  relief  which  many  inflammations 
undergo  in  consequence  of  counter-irritation  has  been  pointed  out  by 
Lister  as  indicating  the  influence  of  the  nervous  system  in  producing 
inflammation.  The  application  of  the  actual  cautery  to  the  skin  over 
an  inflamed  and  painful  joint  will  often  relieve  the  pain  and  inflam- 
mation instantaneously.  It  is  as  if  there  was  in  the  nerves  of  the 
part  a  state  of  over-action  which  affected  injuriously  the  tissues. 
This  over-action  being  relieved  by  a  still  greater  stimulation  of  nerves 
connected  reflexly,  the  inflammation  subsides. 

The  nervous  system  itself  can  scarcely  act  as  an  irritant,  but  it 
may  so  alter  the  tissues  that  agents  which  normally  would  produce 
no  such  effect  will  irritate  and  produce  inflammation.  The  case  of 
Urticaria  may  here  be  cited.  This  condition  is  primarily  an  affection 
of  the  nervous  system,  but  the  more  definite  inflammatory  changes 
are  brought  about  by  friction,  by  the  clothes  or  otherwise,  so  that 
a  normal  stimulus  produces  under  the  abnormal  nervous  conditions  a 
pathological  result. 
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As  an  example  of  how  local  conditions  may  determine  the  occurrence  of 
inflammation,  the  fact  may  be  cited  that  a  mild  inflammation  of  the  bone- 
marrow  produced  by  caustics  may  be  converted  into  an  intense  septic  inflam- 
mation by  causing  the  animal  to  eat  putrid  food.  Here  an  existing  damaged 
state  makes  the  tissues  unable  to  resist  the  attack  of  a  further  damaging  agent 
which  normally  they  are  able  to  withstand.  It  may  be  similar  in  the  case  of 
many  internal  inflammations  produced  apparently  by  exposure  of  the  surface  of 
the  body  to  cold.  Such  exposure  may  produce,  by  reflex  action,  a  state  of  the 
nervous  system  rendering  the  organ  peculiarly  liable  to  damage  from  conditions 
of  the  blood  which  otherwise  would  not  produce  any  such  effect.  In  all  these 
cases,  also,  it  is  to  be  borne  in  mind  that  the  reflex  action  may  affect  specially 
the  vascular  system. 

It  may  be  added  that  besides  conditions  brought  about  through  the 
nervous  system  there  may  be  Individual  peculiarities,  hereditary  or 
acquired,  rendering  different  persons  variously  liable  to  the  action  of 
irritants,  and  even  in  the  same  person  the  various  organs  of  the  body 
may  show  different  degrees  of  resistance.  The  character  of  the  inflam- 
mation will  also,  to  some  extent,  be  influenced  not  merely  by  the  nature 
of  the  agent  causing  it,  but  also  by  the  state  of  the  individual. 

In  studying  individual  cases  of  inflammation  it  will  be  important  to 
consider  by  what  path  the  irritant  has  reached  the  part  which  has 
become  inflamed.  In  many  cases  it  reaches  it  by  the  blood,  and  as 
the  blood  is  distributed  in  every  part  of  the  organ,  the  inflammation 
will  not  probably  show  any  special  localization.  And  so,  when  we 
find  two  symmetrical  organs,  both  of  which  are  attacked  in  every 
region,  we  infer  that  the  agent  causing  the  inflammation  has 
come  by  the  blood,  or,  at  least,  by  a  path  common  to  both.  Of 
course,  there  may  be  local  differences  in  the  organ  itself  of  such  a 
character  that  every  part  will  not  be  equally  susceptible  to  the  action 
of  an  agent  calculated  to  produce  inflammation,  and  so  the  disease 
may  develop  more  in  one  part  of  the  organ  than  in  another,  although 
the  general  character  of  its  distribution  will  generally  still  suggest 
the  path  by  which  the  agent  has  come. 

I.— THE  PRINCIPAL  PHENOMENA  OF  INFLAMMATION. 

Looking  to  the  cardinal  signs  of  inflammation  already  enumerated, 
it  will  appear  that  two  of  them,  namely,  redness  and  heat,  are  inti- 
mately related  to  the  condition  of  the  circulation,  while  the  swelling- 
may  possibly  have  similar  relations.  John  Hunter,  in  his  conceptions 
of  inflammation,  regarded  the  phenomena  as  essentially  connected 
with  the  state  of  the  blood  and  blood-vessels.  On  the  other  hand, 
Virchow  in  his  great  work  on  cellular  pathology  emphasized  the 
importance  of  the  tissues,  and  regarded  the  phenomena  of  inflam- 
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mation  as  due  to  a  stimulation  of  the  cells.  Under  the  influence  of 
the  discovery,  by  Cohnheim,  of  the  emigration  of  leucocytes  from 
the  vessels  there  was  a  revulsion  towards  the  vessels,  and  the  attempt 
was  made  by  this  author  to  limit  the  term  inflammation  essentially 
to  the  phenomena  connected  with  the  vessels,  and  to  regard  it  as  a 
disturbance  of  the  circulation.  Still  more  recently  Metchnikoff  has 
attempted  to  limit  inflammation  to  the  activity  of  the  amoeboid  cells 
of  the  body  in  their  attempts  to  deal  with  intruding  agents.  He 
thus  reduces  inflammation  to  a  process  of  Phagocytosis.  In  forming 
a  complete  picture  of  inflammation  it  is  necessary  to  consider  the 
whole  phenomena  in  which  vessels,  tissues,  and  phagocytes  will  all 
have  their  parts. 

A  simple  Experiment  may  be  performed  to  illustrate  the  principal 
phenomena  at  the  outset  of  an  acute  inflammation.  If  a  frog  be 
paralyzed  with  curare,^the  web  of  the  foot  may  be  spread  out  and 
observed  under  the  microscope.  With  a  pair  of  scissors  a  superficial 
longitudinal  wound  may  be  made,  taking  care  to  remove  little  more 
than  the  epithelium.  By  this  operation  the  connective  tissue  of  the 
web,  with  its  vessels,  is  exposed ;  the  action  of  the  scissors  in  cutting 
and  the  unusual  exposure  to  the  air,  affect  these  structures,  and  the 
various  phenomena  of  inflammation  soon  begin  to  manifest  themselves, 
care  being  taken  to  keep  a  moist  atmosphere  around  the  web  so  as  to 
prevent  the  wound,  deprived  of  its  epidermis,  from  drying.  At  first 
the  circulation  goes  on  in  the  bottom  of  the  wound  as  before,  the  area 
is  merely  more  transparent  from  the  absence  of  the  epithelium.  But 
very  soon,  if  an  artery  is  near  or  in  the  wound,  it  dilates,  and  there  is 
an  acceleration  of  the  stream  in  the  capillaries  and  veins.  But  this 
soon  disappears,  and  the  circulation,  especially  in  the  capillaries, 
becomes  slower  and  slower,  till  here  and  there  the  blood-corpuscles 
now  and  then  stand  still  for  a  moment  or  two.  By  and  by  a  peculiar 
condition  becomes  visible  in  the  veins.  Normally,  the  blood-corpuscles 
flow  down  the  middle  of  the  vein,  and  the  peripheral  zone  contains 
plasma  with  a  few  white  corpuscles  rolling  along.  As  the  inflammation 
proceeds,  the  white  corpuscles  come  to  occupy  this  zone,  and  to  adhere 
to  the  inner  surface  of  the  vessel.  The  individual  corpuscles  may  not 
be  all  absolutely  stagnant,  they  adhere  for  a  time  and  then  depart,  but 
the  result  of  the  process  is  that  there  is  a  nearly  complete  filling  up  of 
the  zone  with  white  blood-corpuscles,  so  that  the  vein  seems  pave- 
mented  internally  with  these  cells.  This  is  seen  not  only  in  any  vein 
which  may  happen  to  be  in  the  bottom  of  the  wound,  but  also  in  those 
for  a  short  distance  outside  it. 
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If  the  attention  be  now  directed  to  the  surface  of  the  wound,  it  soon 
becomes  manifest  that  certain  peculiar  bodies  are  appearing  there. 
These  are  at  first  seen  mostly  towards  the  edge  of  the  wound,  and  are 
especially  numerous  in  the  neighbourhood  of  veins  where  the  white 
corpuscles  are  adherent.  They  are  of  various  shapes,  and  present  a 
transparent  gelatinous  appearance.  If  observed  carefully  they  are 
seen  to  be  altering  their  shapes,  presenting  the  well-known  amoeboid 
movement,  as  shown  in  Fig.  44.  These  cells  gradually  increase  in 
numbers,  and  by  their  contractile 
power,  they  move  from  the  peri- 
phery towards  the  centre  of  the 
wound  till  they  may  come  to  cover 
it  entirely.  These  bodies  may  be 
removed  from  the  wound  by  placing 
the  end  of  a  capillary  glass  tube  on 
the  surface.    A  fluid  runs  up  into 

r  showing  amoeboid  movement.  (Klein.) 

the  tube,  and  in  this  fluid  are  these 

free  cells.  The  fluid  may  now  be  blown  on  to  a  glass  slide  and 
examined  under  a  higher  power  of  the  microscope,  when  the  slow 
amoeboid  movement  will  be  still  more  manifest.  If,  in  the  drop 
of  fluid,  the  bodies  are  allowed  to  die  or  are  killed  by  the  addition 
of  a  reagent,  they  become  globular  and  granular,  in  fact,  have  the 
characters  we  recognize  as  those  of  white  blood-corpuscles,  lymph 
corpuscles,  pus  corpuscles — of  leucocytes  in  general.  The  addition 
of  acetic  acid  to  the  living  cells  will  first  cause  them  to  assume  the 
globular  form,  and  then  will  bring  out  the  nucleus  or  nuclei  as  in 
an  ordinary  white  corpuscle.  The  fluid  in  which  these  corpuscles 
are  found  is  coagulable,  and  if  it  be  kept  till  the  corpuscles  have  died 
strings  of  fibrine  will  be  found  in  it.  If  this  experiment  be  made  in 
summer,  the  whole  of  these  phenomena  will  manifest  themselves  in  a 
few  hours,  and  in  five  or  six  hours  the  entire  wound  may  be  plastered 
over  with  amoeboid  cells. 

In  the  course  of  a  few  more  hours  the  wound  begins  to  be  covered  in 
with  new-formed  flat  epithelium.  This  begins  at  the  margins,  and  if 
the  wound  is  small  it  may  be  wholly  covered  within  twenty-four  hours. 
The  amoeboid  cells  are  covered  in,  but  they  very  soon  disappear,  and 
the  connective  tissue  of  the  web  remains  with  a  thin  transparent  epi- 
thelium covering  it. 

Without  following  out  this  experiment  further,  we  may  now  proceed 
to  consider  the  principal  phenomena  of  inflammation,  which  have  been 
partly  illustrated.  We  shall  consider,  first,  the  state  of  the  vessels  ; 
secondly,  the  condition  which  is  illustrated  in  this  experiment  by  the 
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fluid  on  the  surface  of  the  wound  containing  amoeboid  cells ;  and  lastly, 
the  condition  of  the  tissues  in  inflamed  parts. 

II.— THE  STATE  OF  THE  VESSELS  IN  INFLAMMATION. 

When  an  irritant  is  applied  to  a  transparent  vascular  tissue,  such  as 
the  tongue  or  web  of  the  frog,  it  produces  effects  which  vary  slightly, 
according  to  its  nature.  If  croton  oil  be  applied,  there  is  first  a 
contraction  of  the  arteries,  extending  to  their  whole  length,  followed 
by  dilatation.  If  ammonia  be  used,  there  is  dilatation  without  pre- 
vious contraction.  The  dilatation  affects  chiefly  arteries  and  veins, 
but  also,  though  to  a  less  extent,  capillaries.  The  dilatation  of  the 
arteries  leads  to  an  Active  hyperemia,  the  current  is  accelerated  in 
the  arteries,  capillaries,  and  veins,  and  these  vessels  are  overfilled ; 
there  is  a  great  excess  in  the  quantity  of  blood  passing  through  the 
vessels.  The  acceleration  of  the  current  does  not  persist,  however,  in 
the  most  affected  parts ;  on  the  contrary,  the  blood-corpuscles  begin 
to  lag,  especially  in  the  capillaries  and  veins,  although  there  is  still 
acceleration  in  the  arteries,  and  in  the  capillaries  and  veins  of  the  less 
inflamed  parts.  This  stagnation  in  the  capillaries  and  veins  may 
assume  a  high  degree,  especially  in  the  part  most  acted  on  by  the 
irritant.  Although  the  current  is  slow  in  these  vessels  they  remain 
overfilled,  a  Passive  hyperemia  supervenes  on  the  active  hyperemia  ; 
at  the  same  time  the  white  corpuscles  accumulate  along  the  internal 
wall  of  the  veins  in  the  manner  already  described,  and  they  also 
adhere  at  intervals  in  the  capillaries.  The  circulation  may  come 
almost  to  a  standstill  in  the  capillaries  of  the  parts  most  affected, 
while  at  various  distances  out  from  this  there  will  be  manifest  a  less 
and  less  amount  of  retardation  till  a  zone  is  reached  where  the  retarda- 
tion disappears,  and  by  and  by  gives  place  to  acceleration. 

We  have  now  to  consider  what  may  be  the  explanation  of  these 
various  phenomena  which  the  vessels  manifest.  The  observations  of 
Lister  present  us  with  a  view  of  this  subject  which  has  been  largely 
confirmed  by  other  observers.  Saviotti's  researches  are  for  the  most 
part  confirmatory  of  Lister's  views. 

Contraction  of  the  arteries  is  not,  in  any  proper  sense,  a  part  of 
the  inflammatory  phenomena.  It  is  simply  the  result  of  stimulation 
of  the  nerves  by  the  irritant,  and  while  in  the  case  of  many  irritants 
it  does  not  occur  at  all,  it  is  always  transitory.  Contraction  of  arteries 
may  be  produced  either  by  reflex  or  direct  irritation  of  nerves.  It 
is  produced  reflexly  by  irritation  of  sensory  nerves,  as  when  the 
arteries  in  the  web  of  the  frog's  foot  are  seen  to  contract  when  the 
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skin  is  tapped  or  twitched  with  the  forceps.  This  contraction  does 
not  occur  if  the  nerves  be  first  divided.  On  the  other  hand  the 
irritant  ma}?  cause  contraction  directly,  by  stimulating  the  vaso- 
constrictor nerves  (as  cold  does),  and  so  produce  a  temporary  con- 
traction of  the  arteries. 

Dilatation  of  the  arteries,  leading  to  active  hyperemia  (also  called 
determination  of  blood),  is  induced  by  paralysis  of  the  arteries,  just 
as  in  other  cases  of  active  hyperemia. 

It  is  important  here  to  recall  the  fact  that  irritants  act  injuriously 
on  the  tissues,  and,  in  a  certain  sense,  paralyze  them.  Lister  in  his 
important  researches  on  inflammation  brought  this  fact  into  prominence. 
The  skin  of  the  frog  is  supplied  with  pigment  cells.  These  cells  are 
contractile  bodies  (they  are  shown  in  Fig.  43,  p.  125).  In  the  state 
of  rest  they  are  extended  into  numerous  branches,  which  make  a 
fine  pigmented  reticulum  under  the  skin  ;  in  the  active  state  they 
are  drawn  together  so  as  to  make  a  dark  clump.  They  are  under 
the  command  of  the  nervous  system,  and  by  their  means  the  animal 
is  capable  of  changing  its  colour,  presenting  a  dark  hue  when  the 
cells  are  relaxed,  and  a  lighter  colour  according  to  the  degree  of 
concentration.  Some  irritants  have  the  immediate  effect  of  relaxing 
the  pigment  cells,  and  this  itself  is  so  far  an  evidence  of  paralysis,  as 
the  dispersed  condition  is  the  state  of  rest  of  the  cells  j  but  whether 
the  pigment  is  dispersed  or  not,  the  animal  loses  control  of  its  pigment 
in  the  affected  area,  which  does  not  change  its  colour  with  the  rest 
of  the  skin,  and  may  be  found  dark  while  the  animal  is  pale,  etc. 

In  a  similar  manner  the  dilatation  of  the  arteries  is  effected  by 
a  paralytic  influence  of  the  irritant.  It  is  not  easy  to  determine 
whether  this  paralytic  influence  is  exercised  through  the  peripheral 
ganglia,  whose  existence  we  have  already  seen  reason  to  infer,  or 
directly  on  the  wall  of  the  vessel,  but  as  these  ganglia  are  in  or  near 
the  vessel-wall,  we  may  infer  that  both  are  influenced.  The  view 
has  been  held  that  the  dilatation  is  reflex,  but  this  is  excluded  by 
the  observations  of  Cohnheim.  He  found  that  if  the  sciatic  nerve 
has  been  divided  in  a  frog's  leg  the  arteries  dilate,  but  the  applica- 
tion of  an  irritant  produces  a  further  dilatation.  He  found  also 
that,  after  destruction  of  the  brain  and  spinal  cord,  irritation  of  the 
tongue  still  produces  dilatation  of  the  arteries.  The  acceleration  of 
the  blood-current  in  the  arteries,  capillaries,  and  veins,  will  be  under- 
stood from  what  has  gone  before  to  be  a  direct  result  of  the  dilatation 
of  the  arteries  ;  we  have,  in  fact,  an  active  hyperemia. 

The  Retardation  is  to  be  referred  to  an  increased  adhesiveness  of 
the  blood-corpuscles.    This  is  a  matter  of  direct  observation.  The 
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corpuscles  in  the  inflamed  area  can  be  seen  to  move  sluggishly  along 
the  wall  as  if  attracted  to  it,  and  the  Pavementing  of  the  veins  with 
white  corpuscles  is  clearly  due  to  increased  adhesiveness  between 
the  two,  or  to  an  attractiveness  exercised  on  the  leucocytes.  It  has 
been  pointed  out  by  Lister  that  when  the  blood  is  removed  from  the 
vessels  and  comes  in  contact  with  dead  matter,  the  blood-corpuscles 
acquire  an  adhesiveness  which  they  do  not  possess  inside  the  normal 
vessels.  The  red  corpuscles  stick  together  by  their  flat  surfaces  and 
form  the  well-known  rouleaux.  The  adhesiveness  of  the  white  cor- 
puscles is  not  so  obvious  when  a  drop  of  blood  is  examined  outside 
the  body,  but  there  is  reason  to  believe  that  it  is  even  greater  than 
that  of  the  red.  Now  the  irritant  damages  the  walls  of  the  vessels, 
Math  the  result  that  the  corpuscles  behave  as  if  in  the  presence  of 
dead  matter — they  become  adhesive. 

This  is  excellently  shown  in  an  experiment  of  Lister's.  He  ligatured  the  leg 
of  a  frog,  producing  thereby  stagnation  of  the  blood  in  the  vessels,  but  on 
examining  the  web  it  could  be  seen  that  the  corpuscles  were  able  to  move 
freely  among  one  another — there  was  obviously  no  adhesiveness.  But  now,  when 
a  piece  of  mustard  was  applied  to  the  web,  this  free  movement  ceased  in  the 
area  affected ;  the  corpuscles  became  adherent  among  themselves  and  to  the 
walls  of  the  vessels.  The  result  of '  this  was  an  accumulation  of  the  corpuscles 
in  the  irritated  area ;  any  corpuscles  which  happened  to  glide  into  the  area 
remained  adherent  there,  and  so,  by  degrees,  the  vessels  becamed  overfilled — a 
state  of  hyperaemia  superinduced  on  stagnation.  If  any  corpuscle  happened  to 
escape  from  the  affected  area,  it  ceased  to  be  adhesive,  and  moved  freely  about. 

We  may  therefore  infer  that  the  retardation  of  the  current  and 
the  pavementing  of  the  veins  with  white  corpuscles  are  the  result 
of  the  injury  to  the  vessel  wall,  and  it  may  be  added  that,  in  con- 
nection with  inflammations,  all  degrees  of  stagnation  up  to  absolute 
stoppage  or  Stasis  may  be  produced,  and  are  often  manifested  together 
in  the  same  case. 

We  may  now  sum  up  the  conditions  presented  by  the  blood-vessels 
in  the  early  periods  of  inflammation  as  follows.  The  arteries  dilate 
by  a  relaxation  of  their  muscular  coats,  due  to  a  paralysis  of  the 
peripheral  ganglia.  In  some  cases  this  dilatation  is  preceded  by  an 
evanescent  contraction.  The  immediate  result  of  the  dilatation  of 
the  arteries  is  active  hyperaemia,  or  determination  of  blood,  involving 
overfilling  of  the  arteries,  capillaries,  and  veins,  with  acceleration 
of  the  current.  This  is  followed  by  retardation  of  the  current,  the 
vessels  remaining  dilated  and  frypersemic,  and  this  retardation  may 
go  on  to  almost  complete  stasis  in  the  capillaries.  The  retarda- 
tion is  due  to  adhesiveness  of  the  corpuscles,  and  to  the  same 
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cause  is  to  be  traced  the  pavementing  of  the  veins  with  white 
corpuscles. 

It  is  sometimes  possible  in  acute  inflammation  of  the  skin,  as  in 
the  case  of  a  boil,  to  observe  conditions  directly  traceable  to  the  state 
of  the  vessels  here  indicated.  Thus  at  the  peripheral  parts  of  such 
a  focus  of  inflammation  the  skin  presents  a  fiery-red  appearance  due 
to  determination  of  blood  ;  the  red  colour  may  be  pressed  away 
with  the  finger,  but  it  immediately  returns.  Inside  this  zone  there 
is  an  area  in  which  the  redness  is  not  so  vivid,  and  when  the  red 
colour  is  pressed  away  it  returns  sluggishly  ;  the  corpuscles  are  here 
already  adherent,  and  the  current  retarded.  Then  in  the  more  central 
parts  a  dusky  red  appearance  is  presented,  and  on  pressure  it  may 
be  impossible  or  very  difficult  to  remove  the  redness  ;  here  a  con- 
dition of  extreme  stagnation  exists. 

Increase  of  temperature  in  inflammation. — Calor  is  one  of  the 
cardinal  signs  of  inflammation,  and  a  feeling  of  heat  is  usually 
experienced  when  external  parts  are  the  seat  of  acute  inflammation. 
In  regard  to  internal  parts,  their  nerves  are  not  capable  of  conveying 
impressions  of  differences  of  temperature ;  a  hot  substance  swallowed 
gives  a  sensation  of  pain.  Many  experiments  have  been  made  with 
a  view  to  determining  whether  a  part  which  is  in  a  state  of  acute 
inflammation  is  the  seat  of  increased  production  of  heat. 

There  is  no  doubt  that  the  temperature  of  external  parts  is  in- 
creased in  inflammation.  John  Hunter  determined  this  by  actual 
observation.  He  had  a  case  of  hydrocele  to  deal  with,  and  under- 
took its  treatment  by  the  old  operation  of  laying  open  the  sac  and 
inserting  lint  dipped  in  an  irritating  salve  with  a  view  to  producing 
inflammation.  At  the  time  of  the  operation  he  found  that  the  tem- 
perature in  the  tunica  vaginalis  was  92°,  but  next  day,  inflammation 
having  been  induced,  the  temperature  had  risen  to  98|°.  The  question 
here  arises  whether  this  increase  of  temperature  is  due  to  an  actual 
production  of  heat  in  the  inflamed  part,  or  to  an  increased  supply 
of  hot  blood,  due  to  dilatation  of  the  arteries. 

That  there  is  a  greatly  increased  supply  of  blood  to  inflamed  exter- 
nal parts  has  been  proved  by  experiment  and  observation.  Cohnheim 
found  that  in  a  recent  inflammation  produced  by  scalding  the  fore- 
leg of  a  dog  in  hot  water,  or  by  painting  with  croton  oil,  the  amount 
of  blood  issuing  from  a  cannula  inserted  into  a  vein  was  greatly  in- 
creased, sometimes  reaching  nearly  double  that  issuing  from  a  corre- 
sponding vein  on  the  other  side.  It  may  even  be  as  great  as  when 
the  arteries  have  been  relaxed  in  a  limb  by  dividing  the  axillary 
plexus   of  nerves.      This  extreme   degree   of   difference   may  not 
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continue  long,  but  even  for  some  days  it  is  frequently  very  con- 
siderable. 

It  is  an  every-day  observation  of  surgeons  that  an  incision  in  an 
inflamed  part  is  accompanied  by  a  much  greater  escape  of  blood  than 
in  a  normal  part,  and  if  an  artery  be  incised  it  spouts  more  blood 
and  to  a  greater  distance  than  a  similar  artery  in  a  non-inflamed 
part.  It  is  similar  with  the  veins  ;  Laurence  performed  venesection 
in  both  arms  in  a  person  who  had  an  acute  inflammation  of  one  hand, 
and  he  found  that  the  blood  flowed  two  or  three  times  more  rapidly 
from  the  vein  on  the  side  affected.  The  relaxation  of  the  arteries 
in  acute  inflammation  evidently  produces  a  determination  of  blood 
which  extends  beyond  the  immediate  focus  of  the  inflammation,  and 
is  not  counterbalanced  by  the  retardation. 

John  Hunter,  having  determined  the  great  increase  in  temperature 
above  referred  to,  yet  came  to  the  conclusion  that  it  was  due  to  the 
determination  of  blood,  for  he  found  that  the  temperature  of  an 
inflamed  external  part  never  exceeded  or  even  quite  reached  that  of 
a  normal  internal  part,  or,  in  other  words,  of  the  blood  in  internal 
orarans.  Since  Hunter's  time,  Simon  has  asserted  that  there  is  some 
development  of  heat  in  inflamed  parts.  His  experiments  seemed  to 
show  that  the  arterial  blood  passing  to  an  inflamed  external  part  is 
not  so  warm  as  the  focus  of  inflammation,  and  that  the  venous  blood 
returning  from  the  part  is  warmer  than  the  arterial  blood,  although 
not  so  warm  as  the  focus  of  inflammation.  But  the  experiments 
of  Jacobsen,  made  with  more  exact  instruments,  entirely  confirm  the 
views  of  Hunter.  It  appears  that  the  most  intense  inflammations  of 
the  skin  or  of  muscles  never  cause  an  elevation  of  temperature 
sufficient  to  reach  that  of  the  rectum,  vagina,  or  abdomen,  the  differ- 
ence being  generally  1°  to  2°  C.  Again,  in  inflammations  induced 
in  internal  parts,  as  the  peritoneum  or  the  pleura,  the  temperature 
was  never  raised  to  that  of  the  blood  in  the  left  ventricle,  being 
always  from  "2°  to  -5°  C.  under  it.  This  means  that  in  these  parts, 
where  the  temperature  is  already  near  that  of  the  blood  in  the  left 
ventricle  of  the  heart,  inflammation,  leading  to  an  increased  supply 
of  blood  of  a  similar  temperature,  causes  virtually  no  elevation  above 
the  normal  heat.  Again,  Cohnheim  has  found  that,  when  in  one 
fore-paw  of  a  dog  a  state  of  acute  inflammation  is  induced,  while  in 
the  other  active  hyperemia  is  produced  by  dividing  the  axillary 
plexus  of  nerves,  the  temperature  in  the  inflamed  foot  is  always 
slightly  less  than  that  in  the  other.  We  may  safely  infer,  then, 
that  in  inflammation  there  is  no  local  production  of  heat. 

Fever  often  accompanies  inflammation,  but  it  only  does  so  when 
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the  blood  is  affected.  This  may  happen  in  one  of  two  ways.  The 
agent  which  caused  the  inflammation  may  be  primarily  in  the  blood, 
and  it  may  produce  both  the  general  manifestations  of  fever  and 
the  local  manifestations  of  inflammation.  This  applies  to  many 
infective  agents.  On  the  other  hand,  a  local  inflammation  may  give 
rise  to  products  whose  absorption  into  the  blood  will  cause  fever. 
(See  under  Fever.) 

III.  — THE  INFLAMMATORY  EXUDATION. 

In  the  experiment  sketched  at  the  outset  the  inflammatory  exuda- 
tion was  the  fluid  which  collected  on  the  surface  of  the  wound. 
We  saw  that  this  fluid  contained  amoeboid  cells,  and  that  it  was 
coagulable.  We  may  thus  consider  the  inflammatory  exudation  as 
consisting  of  cells,  serous  fluid,  and  fibrine,  and  we  shall  in  the  first 
place  pass  each  of  these  under  review. 

1.  The  serous  exudation. — Nearly  all  inflammations  are  accom- 
panied by  a  transudation  of  the  fluid  part  of  the  blood  from  the 
blood-vessels,  and  this  passes  in  the  direction  of  least  resistance, 
wherever  it  finds  room.  In  the  case  of  a  wound  it  flows  from  the 
surface,  forming  a  serous  discharge ;  in  that  of  a  mucous  membrane 
it  also  flows  from  the  surface,  forming  a  catarrh  ;  in  serous  cavities 
it  accumulates,  forming  an  inflammatory  dropsy ;  in  the  tissues  it 
passes  into  the  serous  spaces,  constituting  an  inflammatory  oedema  ; 
in  the  lungs  it  is  situated  in  the  lung  alveoli,  where  also  it  produces 
oedema.  The  exuded  fluid  will  in  many  cases  find  its  way  into  the 
lymphatics,  and  experiment  has  proved  that  the  current  in  the 
lymphatics  is  much  increased  in  inflammation. 

The  serous  exudation  is  somewhat  different  in  constitution  from 
an  ordinary  transudation  fluid.  It  is  much  more  concentrated,, 
approaching  more  nearly  to  the  liquor  sanguinis,  and  containing  more 
leucocytes  than  the  exudation  in  simple  oedema.  It  is  also  in  many 
cases  coagulable,  so  that  when  shed  it  may  deposit  fibrine,  and  some- 
times does  so  in  the  living  body.  When  this  occurs  we  have  the 
fibrinous  exudation.  We  may  associate  these  characters  of  the  serous 
exudation  with  the  fact  that  in  acute  inflammations  the  tissues,  in- 
cluding the  walls  of  the  vessels,  are  seriously  damaged,  and  the 
latter  allow  more  readily  of  the  escape  of  the  fluid  of  the  blood. 

2.  The  fibrinous  exudation. — This  is  seen  most  typically  in  acute 
inflammations  of  serous  cavities  such  as  the  pleura  or  pericardium. 
(See  Fig.  45.)  In  such  cases  there  is,  in  addition  to  the  serous 
exudation  occupying  the  cavity,  a  deposition  on  the  surface  of  a 
soft   yellow  layer  of  coagulated  fibrine.      There  is  frequently  a 
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similar  deposition  on  the  surface  of  a  freshly-inflicted  wound,  the 
fi brine  forming  a  glaze  on  the  surface,  while  the  serous  fluid  passes 
off  as  a  discharge.     Fibrine  is  seldom  deposited  in  the  meshes  of 


Fig.  45.— Acute  pericarditis,     a,  Subpericardial  fat;  b,  inflamed  pericardium; 
c,  fibrinous  exudation  on  free  surface  of  pericardium.     X  35. 

the  tissues,  unless  there  be  an  actual  necrosis,  as  in  the  case  of  a 
Tboil  or  a  carbuncle,  where  the  slough  which  forms  in  the  skin  is 
composed  partly  of  dead  tissue  and  partly  of  fibrine.  In  acute 
pneumonia,  however,  the  exudation  in  the  lung  alveoli  is  fibrinous. 

The  term  Lymph,  or  coagulable  lymph,  is  often  applied  to  the  fibrinous  exudation 
as  seen  on  serous  surfaces,  but  the  use  of  this  term  is  not  to  be  commended.  From 
its  use  by  John  Hunter  the  term  has  interesting  historical  relations,  yet,  as  it 
implies  a  theory  which  is  not  now  held,  namely,  that  the  so-called  lymph  has  the 
power  of  developing  into  organized  tissue,  its  use  is  apt  to  lead  to  confusion.  This 
is  all  the  more  true,  because  the  term  lymph  is  frequently  used  in  a  very  loose  way 
to  designate  connective  tissue  formed  as  a  result  of  inflammation.  According  to 
Hunter's  view,  the  connective  tissue  develops  directly  from  the  fibrine,  and  so  it  was 
legitimately  called  lymph;  but  as  his  views  are  now  departed  from,  this  use  of  the 
term  is  quite  unwarranted. 


The  fibrine  of  the  exudation  has  all  the  characters  of  that  in  an 
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ordinary  blood-clot.  This  is  shown  in  Fig.  46,  where  a  network  of 
fibres  is  seen  filling  a  lung  alveolus.  It  has  also  a  similar  origin  to 
that  in  the  blood-clot.  We  have  seen  (under  Thrombosis,  p.  100)  that 
coagulation  of  blood  occurs  when 
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Fig.  46. — Fibrine  in  a  lung  alveolus,    x  300. 


the  necessary  constituents  are 
present,  and  that  in  order  to 
this  there  must  be,  a  disintegra- 
tion of  the  leucocytes  so  as  to 
yield  the  paraglobulin  and  the 
ferment.  Leucocytes  are  always 
present  in  the  serous  exuda- 
tion, and  to  bring  about  their 
disintegration  they  must  be 
sufficiently  removed  from  the 
influence  of  the  living  tissue. 
This  can  scarcely  occur  except  in 
the  case  of  an  extended  surface, 
as  of  a  membrane.  Just  as 
thrombosis  does  not  occur  in 

the  capillaries,  because  the  blood  in  these  narrow  vessels  is  in  inti- 
mate contact  with  the  living  cells  forming  the  capillary  walls,  so 
in  inflammation  the  fibrinous  exudation  scarcely  occurs  in  the  serous 
spaces  unless  there  be  actual  necrosis  of  the  tissue.  In  some  very 
acute  inflammations  of  connective  tissue  (acute  phlegmon)  there  may 
be  a  deposition  of  fibrine,  forming  a  kind  of  fibrinous  oedema,  such 
as  sometimes  occurs  in  the  skin  in  erysipelas,  but  in  these  cases 
necrosis  is  a  frequent  if  not  a  constant  concomitant.  It  is  where 
the  exudation  is  on  a  surface,  and  is  to  a  great  extent  removed  from 
contact  with  the  living  endothelium,  that  the  fibrinous  exudation  is 
most  constantly  found. 

Epithelium,  like  endothelium,  has  the  power  of  preventing  the 
disintegration  of  the  leucocytes,  and  hence  a  fibrinous  exudation 
seldom  occurs  on  a  mucous  membrane  or  the  skin.  Its  occurrence 
implies  that  the  epithelium  has  undergone  necrosis  or  has  been 
shed. 

3.  Exudation  of  white  and  red  blood-corpuscles. — The  resemblance 
of  the  cells  met  with  in  acute  inflammations  to  the  leucocytes  in 
the  blood  long  ago  suggested  the  idea  that  they  are  white  blood- 
corpuscles.  In  the  year  1846  Waller  observed  the  pavementing  of 
the  internal  coat  of  the  veins  with  white  bloocl-corpuscles  in  the 
inflamed  tongue  of  the  frog,  and  as  he  saw  similar  cells  outside  the 
vessel  he  inferred  that  the  white  corpuscles  had  got  through  the 
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wall.  It  was,  however,  difficult  to  believe  that  the  solid  globular 
white  corpuscles  could  pass  through  the  intact  wall  of  a  blood-vessel, 
and  Waller's  views,  although  supported  by  William  Addison,  were 
lost  sight  of.  The  discovery  by  Kecklinghausen  that  pus  corpuscles 
and  white  blood-corpuscles  possess  contractile  power  by  virtue  of 
which  they  are  able  to  move  from  place  to  place,  and  to  alter  their 
shapes  in  the  most  diverse  fashion,  paved  the  way  for  the  actual 
observation  of  their  passage  through  the  walls  of  the  vessels  made 
by  Cohnheim. 

Emigration  of  the  white  corpuscles. — This  was  observed  by  Cohn- 
heim in  the  mesentery  of  the  frog.  When  this  exceedingly  delicate 
and  transparent  structure  is  drawn  out  of 
the  body  through  a  wound  in  the  lateral 
aspect  of  the  abdomen,  the  mere  exposure  to 
the  air  is  sufficient  to  set  up  an  acute  inflam- 
mation, the  phenomena  of  which  can  be 
readily  observed  under  the  microscope. 
Let  us  suppose  that  the  pavementing  of  the 
veins  has  occurred,  and  that  there  is  an 
occasional  white  corpuscle  adherent  in  the 
capillaries,  and  the  following  surprising  phe- 
nomena show  themselves,  as  described  by 
Cohnheim  himself.  The  various  steps  are 
represented  in  Fig.  47,  in  which  the  red 
corpuscles  are  left  out  in  order  to  bring  the 
leucocytes  into  prominence.  "One  sees,  as 
a  rule,  first  in  a  vein  which  presents  the 
pavementing  with  white  corpuscles,  but  some- 
times in  a  capillary,  a  pointed  projection  in 
the  external  contour  of  the  vessel ;  it  pushes 
itself  farther  and  farther  outwards,  it  increases 
in  thickness,  and  the  pointed  projection  de- 
velops into  a  colourless  rounded  knob  ;  this 

Fig.    47.— Diagram  showing     .  ,  ,  ,    ,,.  ,  , 

emigration  of  leucocytes.  (After  increases  in  length  and  thickness,  sends  out 
fresh  points,  and  draws  itself  gradually  out- 
wards from  the  vessel-wall,  with  which  it  comes  to  be  connected 
only  by  a  long  thin  stem.  Finally,  this  also  lets  go  the  vessel,  and 
there  lies  outside  a  colourless,  dull,  glancing,  contractile  corpuscle, 
with  several  short  processes  and  a  long  one,  of  the  size  of  a  white 
blood  cell,  with  one  or  several  nuclei;  in  a  word,  a  white  blood- 
corpuscle." 

Diapedesis  of  the  red  corpuscles. — This  is  a  frequent  accompaniment 
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of  acute  inflammations.  The  white  corpuscles  are  active  contractile 
cells,  and  they  generally  pass  through  the  vessels  to  a  larger  extent 
than  the  red  ones,  but  there  are  some  inflammations  in  which  the  red 
corpuscles  also  pass  through  in  large  numbers.  They  are  not  active, 
but  are  passively  pushed  through  the  walls,  just  as  they  are  in  the 
diapedesis  of  passive  hyperemia. 

Explanation  of  the  exudation  of  blood  corpuscles. — The  red  cor- 
puscles and  the  leucocytes  are  so  different  in  their  characters  that  the 
same  explanation  can  hardly  apply  to  both.  The  red  corpuscles  are 
devoid  of  nuclei  and  possess  no  spontaneous  movement.  Hence  their 
exudation,  in  inflammation  as  in  passive  hyperemia,  is  a  passive 
process.  It  is  produced  by  pressure  from  within,  and  the  altered 
condition  of  the  vessel  wall,  as  well  as  of  the  circulation,  is  an  important 
element  in  its  causation.  That  the  state  of  the  vessels  is  an  important 
factor  is  evidenced  by  the  fact  that  exudation  of  the  red  corpuscles 
is  specially  met  with  in  the  more  severe  forms  of  inflammation.  As 
the  red  corpuscles  are  the  coloured  elements  of  the  blood,  inflammations 
in  which  they  are  specially  exuded  have  a  more  or  less  hemorrhagic 
character,  and  it  is  generally  recognized  that  such  conditions  as 
hemorrhagic  pneumonia  and  hemorrhagic  small-pox  are  specially  viru- 
lent forms  of  disease. 

The  leucocytes  being  active  bodies  have  not  such  a  merely  passive 
part  to  play.  They  are  amoeboid  cells,  and  pass  out  of  the  vessels 
by  virtue  of  their  inherent  contractility.  No  doubt  the  altered  state 
of  the  vessel  wall  renders  it  easier  for  the  leucocytes  to  pass  through. 
The  leucocytes  do  not  probably  pass  through  the  midst  of  the  endo- 
thelial cells  of  the  vessel  wall,  but  between  them.  According  to 
Arnold  both  the  red  and  white  pass  out  largely  through  pre-existing 
apertures  or  stomata.  (See  Fig.  30,  p.  95,  for  the  red,  and  Fig.  47  for 
the  white.)  As  the  corpuscles  pass  through  apertures  much  narrower 
than  themselves  they  undergo  alterations  in  shape,  so  that  the  part 
actually  in  the  wall  is  very  attenuated. 

As  it  is  a  characteristic  feature  of  most  acute  inflammations  that  the 
leucocytes  pass  out  of  the  vessels,  and  as  they  do  so  often  in  extra- 
ordinary numbers,  some  explanation  of  this  fact  must  be  sought.  Light 
has  been  thrown  on  the  matter  by  the  researches  of  Metchnikoff  and 
others.  From  the  observation  of  unicellular  organisms  having  the 
form  of  amoeba?,  it  appears  that  certain  substances  in  solution  are 
attractive  to  these  bodies  and  others  are  repulsive.  As  this  depends  on 
the  chemical  nature  of  the  substances,  the  terms  positive  and  negative 
chemiotaxis  have  been  introduced  by  Pfeffer.  Thus  a  decoction  of 
dead  leaves  attracts  the  plasmodia,  whilst  solutions  of  salt,  sugar, 
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and  other  substances  repel  them.  As  the  leucocytes  of  the  blood  seem 
to  be  of  a  similar  nature,  it  is  not  surprising  that  they  also  are  liable 
to  repulsion  and  attraction  by  different  substances.  The  extraordinary 
migration  of  leucocytes  in  many  inflammations  can  scarcely  be  other- 
wise explained. 

For  example,  Fig.  48  represents  a  lesion  of  the  skin  (Sudamen), 
in  which  leucocytes  have  accumulated  in  a  dilated  sweat-duct.  In 

order  to  reach  this  position  they 
have  not  only  penetrated  the 
vessel  wall,  but  insinuated  them- 
selves amongst  the  epidermic 
cells  till  they  reached  the  interior 
of  the  duct.  There  seems  no  way 
of  explaining  this  but  by  the 
view  that  the  sweat  contained 
some  substance  attractive  to  the 
leucocytes.  It  has  diffused  from 
the  duct  so  as,  in  a  dilute  form, 
to  reach  the  vessels  and  attract 
the  leucocytes  which  have  passed 
in  the  direction  of  its  more  con- 
Fig.  48.— Sudamen  formed  bv  dilated  sweat-duct.  centrated  presence. 
It  islargely  occupied  by  leucocytes  attracted  thither.         The    leucocytes    which  leave 

the  vessels  in  inflammations  are 
the  multinuclear  or  neutrophil  corpuscles.  It  has  been  suggested  that 
this  lobed  character  of  the  nucleus  may  be  in  order  to  allow  of  emi- 
gration, as  the  solid  bulky  nucleus  of  the  other  forms  would  have  great 
difficulty  in  getting  through  the  minute  stomata  (Metchnikoff). 

This  attractive  power  of  some  substances  is  supposed  to  have  a 
special  meaning,  and  the  emigration  of  the  leucocytes  comes  to  occupy 
a  central  position  in  the  most  recent  theory  of  inflammation,  that  of 
Metchnikoff:  The  amoeboid  cells  of  the  various  orders  of  animals  have 
undoubtedly  the  power  of  englobing,  and  sometimes  of  digesting, 
solid  granular  matter.  This  power  has  relation  either  to  the  nutri- 
tion of  the  cell  or  to  the  protection  of  the  organism.  The  cells  may 
englobe  foreign  deleterious  granules,  and  more  particularly  parasitic 
microbes,  and  even  by  destroying  them  rid  the  body  of  them.  This 
process  of  protective  phagocytosis  is  stated  to  be  the  explanation 
of  the  exudation  of  the  leucocytes.  It  is  generally  a  case  of  infection 
with  microbes,  and  it  is  suggested  that  the  chemical  products  evolved 
by  the  microbes  attract  the  leucocytes,  which  are  induced  to  leave 
the  vessels  and  encounter  the  microbes. 
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It  is  consistent  with  this  view  of  the  attractive  power  of  certain 
substances  that  some  inflammations  are  associated  with  little  or  no 
emigration  of  leucocytes.  Thus  we  have  serous  inflammations  in  which 
there  are  few  leucocytes.  In  inflammations  produced  by  the  bacillus 
of  malignant  oedema  also  there  is  abundant  serous  exudation,  and 
frequently  abundant  red  corpuscles,  but  the  leucocytes  are  few.  The 
poison  produced  by  this  microbe  has  apparently  a  negative  chemiotaxis 
!  on  the  leucocytes. 

4.  Cells  from  other  sources  than  the  blood. — Still  dealing  with 
the  inflammatory  exudation,  the  question  arises  whether  all  the  cells 
found  in  it  are  derived  directly  from  the  blood.  The  origin  of 
leucocytes  as  a  whole  is  somewhat  obscure.  The  bone-marrow,  spleen, 
and  lymphatic  glands  are  usually  regarded  as  their  principal  sources, 
but  the  connective  tissue  as  a  whole,  which  is  intimately  related  to 
the  lymphatic  system,  is  by  many  regarded  as  capable  of  giving  origin 
to  such  cells.  The  study  of  the  process  of  inflammation  in  connective 
tissues,  and  especially  in  such  as  possess  no  blood-vessels,  seems  to 
show  that  the  connective  tissue  corpuscles  are  capable  of  giving  rise 
to  amoeboid  cells.  These  have  not  precisely  the  character  of  the 
exuded  leucocytes,  which  possess  the  lobed  nuclei,  but  are  rather  like 
the  large  mononuclear  white  corpuscles.  Such  cells  have  probably 
more  permanent  characters  than  the  exuded  leucocytes. 

Hoffmann  and  Recklinghausen  produced  inflammation  in  the  cornea  and  then 
excised  the  eye  or  the  head  of  the  animal  and  preserved  it  in  a  moist  chamber. 
They  found  in  two  or  three  days  that  at  the  seat  of  irritation  groups  of  amoeboid 
cells  (pus  corpuscles)  had  formed,  as  in  ordinary  keratitis.  Then,  also,  several 
observers  have  described  and  figured  the  cornea  corpuscles  in  inflammation,  as 
drawing  in  their  processes,  and  in  doing  so  becoming  amoeboid.  They  also  leave 
detached  portions  of  their  protoplasm  which  become  pus  corpuscles.  It  has  also 
been  asserted  that  the  epithelium  on  the  posterior  surface  of  Descemet's  membrane, 
;as  well  as  that  on  the  surface  of  the  cornea  and  elsewhere  becomes,  at  the  outset  of 
inflammations,  amoeboid. 

The  so-called  endogenous  production  of  pus  corpuscles  is  more  doubtful.  By 
this  is  meant  the  formation  of  these  cells  inside  other  cells.  It  has  been  asserted 
by  Buhl,  Rindfleisch,  and  others,  that  epithelial  cells  give  origin  in  this  way 
to  pus  corpuscles.  No  doubt  the  latter  forms  are  sometimes  found  inside  the 
former,  but  as  both  forms  may  be  contractile,  this  does  not  imply  that  the  one 
has  given  rise  to  the  other,  more  especially  as  red  corpuscles  are  found  inside 
•cells  under  similar  circumstances. 

The  cells  met  with  in  inflammatory  exudations  are  not  all  of  the 
character  of  pus  corpuscles.  They  are  sometimes  larger  and  partake 
of  the  character  of  derivatives  of  the  epithelial  cells.  This  is  more 
particularly  the  case  in  certain  inflammations  of  the  lung,  where  the 
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alveoli  are  frequently  occupied  by  cells  which  are  evidently  produced 
from  the  epithelium  of  the  alveoli  (so-called  catarrhal  cells).  A  similar 
formation  of  cells  is  frequently  seen  in  the  uriniferous  tubules  in  in- 
flammations of  the  kidneys.  (See  further  on  under  Parenchymatous 
Changes.)  Again,  in  suppuration  in  epithelial  structures  generally, 
amoeboid  cells  are  often  found  which  are  much  larger  than  pus  cor- 
puscles and  are  derived  from  the  epithelium.  Neumann  asserts  that 
ciliated  epithelium  sometimes  becomes  amoeboid  and  can  be  recognized, 
even  after  it  has  become  detached,  by  the  persistence  of  some  of  its 
cilia. 

5.  The  purulent  exudation.  Suppuration.  Pus. — Pus  is  a  fluid 
usually  of  a  yellow  colour.  It  consists  of  a  fluid  portion,  the  liquor 
puris,  arid  of  pus  corpuscles,  which  are  identical  with  ordinary  leuco- 
cytes. 

It  is  customary  to  speak  of  all  the  leucocytes  found  exuded  in  acute  inflam- 
mations as  Pus  corpuscles.  This  is  scarcely  a  correct  method  of  speech.  There 
is  no  doubt  that  pus  corpuscles  are  essentially  exuded  leucocytes,  but  as  pus 
is  a  fluid  its  existence  implies  extraordinarily  abundant  exudation  of  leucocytes, 
and  if  present  in  the  tissues,  a  corresponding  disintegration  of  tissue.  In  ordinary 
non-suppurative  inflammations  leucocytes  are  usually  present,  but  as  there  is 
nothing  approaching  to  pus,  it  is  more  correct  to  speak  of  leucocytes  rather 
than  of  pus  corpuscles. 

Pus  is  met  with  under  a  variety  of  circumstances,  but  in  nearly 
all  cases  it  is  produced  by  the  indirect  action  of  microbes  belonging 
to  the  class  of  micrococci.  The  purulent  exudation  frequently  follows 
the  fibrinous  exudation,  especially  in  serous  cavities,  and  it  is  not 
uncommon  to  find  an  intermediate  condition  in  which  the  fibrine  is, 
as  it  were,  infiltrated  with  pus.  This  implies  that  the  cause  of  the 
inflammation  (micrococci)  continues  to  act  intensely.  The  emigration 
of  leucocytes  goes  on  vigorously,  and  these,  crowding  into  the  fibrinous 
coagulum,  the  latter  disintegrates  and  liquefies. 

Many  experiments  have  been  made  in  order  to  determine  whether  suppuration 
can  be  produced  without  the  agency  of  microbes.  From  some  of  the  most  recent 
of  these,  such  as  those  of  Grawitz  and  De  Bary,  it  appears  that  various  sub- 
stances, such  as  turpentine,  may  alone  induce  suppuration,  and  that  cadaverin, 
obtained  from  decomposing  matters,  but  free  from  microbes,  may  do  so.  Koch 
has  pointed  out  also  that  tuberculin  obtained  from  cultures  of  the  bacillus  of 
tubercle,  although  free  from  microbes,  is  capable  of  producing  suppuration.  We 
may  infer  that  while  suppuration  may  be  produced  by  different  active  agents, 
yet  in  actual  cases  micrococci  are  always  present.  We  may  also  infer  that  it 
is  by  evolving  irritating  chemical  principles  (toxines)  that  they  produce  this  effect. 

The  solution  of  the  fibrine  is  not  easy  to  explain,  nor  is  it  easy  to  understand 
why  pus  does  not  coagulate.  There  are  abundant,  leucocytes,  and  there  is  the 
fluid  presumably  containing  the  fibrinogen.    A  few  pus  corpuscles  added  to  fresh 
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liquor  sanguinis  induce  coagulation.  Its  absence  in  pus  has  been  ascribed  to 
the  existence  of  some  chemical  agent  evolved  by  the  micro-organisms  which 
inhibits  the  process  of  coagulation,  or  to  a  conversion  of  the  fibrinogen  into  peptones, 
which  latter  are  known  to  be  present  in  pus. 

In  the  case  of  serous  membranes  the  occurrence  of  suppuration 
implies  a  very  intense  inflammation,  but  in  the  case  of  mucous  mem- 
branes pus  is  often  produced  when  the  inflammation  is  comparatively 
trivial.  The  ordinary  catarrh  of  the  nares  and  bronchi  is  first  ac- 
companied by  a  serous  exudation,  and  this  often  gives  place  to  an 
exudation  of  pus. 

Purulent  infiltration  is  a  term  applied  when  the  suppuration  occurs 
not  at  a  surface  but  in  the  midst  of  the  tissue,  and  the  pus  fills  up 
the  spaces,  the  condition  being  comparable,  in  respect  of  the  locality 
of  the  exudation,  with  oedema.  Purulent  infiltration  implies  an  intense 
inflammation,  and  it  is  frequently  associated  with  necrosis. 

Abscess  frequently  follows  purulent  infiltration.  The  name  abscess 
or  Apostema  is  applied  to  a  collection  of  pus  in  a  cavity  generally 
formed  to  accommodate  it,  although  it  is  sometimes  used  in  cases 
where  the  pus  has  accumulated  in  a  pre-existing  cavity.  Purulent 
infiltration  usually  precedes,  and  the  abscess  is  formed  by  the  necrosis 
or  liquefaction  of  the  tissue,  so  that  a  cavity  results.  Hence  abscesses 
often  contain  shreds  of  tissue  or  sloughs. 

The  abscess  has  often  a  distinct  membrane  forming  its  boundaries. 
This  membrane  is  composed  of  granulation  tissue,  and  it  has  often 
been  regarded  in  the  light  of  a  secreting  surface  by  which  the  pus 
is  produced ;  hence  the  name  Pyogenic  membrane  applied  to  it. 
The  membrane,  however,  is  by  no  means  necessary  to  the  formation 
of  pus,  and  it  is,  in  fact,  a  secondary  product  after  the  abscess  has 
actually  formed.  It  may,  indeed,  supply  pus  from  its  vessels,  and 
so  cause  enlargement  of  the  abscess,  but  it  more  probably  rather 
limits  the  enlargement,  as  granulation  tissue  is  less  sensitive  to  irri- 
tants than  other  tissues.  The  membrane  may  be  regarded  as  a 
protective  layer. 

As  abscesses  contain  the  agents  of  inflammation  which  have  produced 
the  suppuration,  they  usually  enlarge.  This  mostly  occurs  in  the 
direction  of  least  resistance,  but  gravitation  often  plays  a  part  in 
the  advance  of  an  abscess.  There  is  a  gradual  liquefaction  of  the 
tissue  before  the  advancing  pus,  and  this  goes  on,  as  a  rule,  till  a 
surface  is  reached  and  the  pus  discharged. 

A  cold  abscess  is  not  really  a  collection  of  pus,  but  only  of  matter 
resembling  pus.  This  is  usually  softened  caseous  matter,  produced 
in  connection  with  tuberculosis  of  bone,  but  pus  corpuscles  are  often 
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mixed  with  this  debris.  Cold  abscesses  frequently  extend  long  dis- 
tances, assisted  by  gravitation,  before  they  reach  the  surface.  Their 
opening,  by  admitting  septic  micrococci,  may  lead  to  acute  suppuration 
within  the  cavity. 

Pus,  whether  in  abscesses  or  elsewhere,  frequently  undergoes 
changes.  The  pus  corpuscles  often  undergo  fatty  degeneration,  or 
they  may  swell  up  and  disintegrate.  The  pus  may  in  this  way  be- 
come absorbed.  It  sometimes,  by  absorption  of  its  fluid,  thickens 
into  a  pasty  matter,  in  which  lime  salts  may  be  deposited.  Again, 
pus,  or  indeed  a  serous  exudation,  may  be  mixed  with  other  matters, 
the  secretion,  of  glands,  such  as  mucus,  urine,  or  bile,  or  with  oil 
where  suppuration  occurs  in  a  tissue  rich  in  fat. 

Croupous  aad  diphtheritic  exudations. — These  terms  have  got  into  common  use, 
but  their  employment  is  not  to  be  recommended. 

The  croupous  exudation  is  that  which  occurs  in  the  larynx  in  Croup,  a  disease 
of  this  structure.  (The  term  croup  is  a  Scotch  word  meaning  the  hoarse  croaking 
sound  of  the  cough  and  speech  in  certain  laryngeal  affections.  It  is  nearly 
equivalent  to  the  English  word  croak.  It  is  by  an  extraordinary  philological 
development  that  the  terms  croup  and  croupous  have  come  to  be  used  to  designate 
the  solid  fibrinous  exudation  of  disease.)  The  exudation  in  the  larynx  in  croup 
is  a  whitish  layer  resembling  fibrine,  and  by  many  regarded  as  a  fibrinous 
exudation.  Wagner  believed  that  it  arose  by  transformation  of  the  epithelium 
and  Weigert  has  asserted  that  it  is  due  to  a  coagulation-necrosis  of  the  epithelium, 

The  diphtheritic  exudation  implies  a  necrosis  not  only  of  the  epithelium  but  of 
the  mucous  membrane.  A  fibrinous  exudation  occupies  the  meshes  of  the  necrosed 
tissue  as  well  as  its  surface,  and  it  is  consequently  adherent  to  and  involved  in  the 
membrane. 

These  terms,  although  originally  applied  to  croup  and  diphtheria,  are  now  fre- 
quently used  in  a  purely  anatomical  sense  of  exudations  on  mucous  membranes. 
A  croupous  exudation  is  one  which  lies  on  the  surface  and  is  not  associated 
with  necrosis  of  the  mucous  membrane,  while  a  diphtheritic  exudation  is  both 
on  the  surface  and  in  the  substance  of  the  membrane  and  implies  necrosis. 

IV.  — CHANGES  IN  THE  TISSUES  AND  THE  INFLAMMATORY 
NEW-FORMATION. 

In  what  has  gone  before,  the  changes  referred  to  have  mainly 
concerned  the  blood-vessels  and  the  various  channels  and  spaces  of 
the  lymphatic  system  in  connection  with  them.  Besides  these,  how- 
ever, we  have  to  consider  the  changes  in  the  tissues  themselves, 
whether  it  be  the  proper  parenchyma  or  the  supporting  structures 
forming  the  connective  tissue.  The  proper  tissue  changes  are  divisible 
in  a  general  way  into  two,  namely,  those  which  concern  the  paren- 
chyma or  proper  substance  of  organs,  and  which  may  be  termed 
parenchymatous  changes,  and  those  which  involve  a  new-formation 
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of  tissue  and  are  met  with  chiefly  in  the  connective  tissues  and  the 
surface  epithelium. 

1.  Parenchymatous  changes. — In  these  we  include  the  changes 
which  occur  in  the  proper  substance  of  the  tissues,  the  structures 
which  perform  the  special  functions  of  the  parts.  We  have  the 
numerous  epithelial  tissues  forming  the  secreting  structures  of 
glands,  and  we  have  also  the  parenchyma  of  nerve  tissue,  of  muscle, 
of  bone,  of  the  lungs,  etc. 

In  many  acute  inflammations  the  only  obvious  changes  apart  from 
the  blood-vessels  are  degenerative,  consisting  mainly  of  necrosis  and 
fatty  degeneration.  In  many  other  cases,  however,  there  are  active 
changes  visible  in  the  parenchymatous  cells,  although  it  is  also  true 
that  these  are  often  associated  with  degenerative  changes. 

The  active  parenchymatous  changes  consist  mainly  of  enlargement 
of  the  protoplasm,  due  to  an  infiltration  with  albuminous  material. 
The  cells  acquire  in  consequence  a  granular  clouded  appearance, 
which  is  expressed  in  the  name  Cloudy  swelling*.  (See  under  Albu- 
minous Infiltration.)  At  the  same  time  the  cells  frequently  multiply, 
and  they  do  this  by  the  process  of  karyomitosis.  The  new-formed 
cells  frequently  depart  from  their  position,  especially  in  inflammations 
of  epithelium.  This  process  of  Desquamation  causes  the  cells  to 
form  sometimes  a  material  part  of  exudations.  (See  above.)  These 
phenomena  of  cloudy  swelling  and  desquamation  are  frequently 
associated  with  Fatty  degeneration.  Another  occasional  sign  of  in- 
creased activity  is  an  increase  in  the  secretion  of  glands  involved 
in  inflammations.  Thus  the  secretion  of  mucus  is  frequently  increased 
in  inflammations  involving  mucous  membranes. 

There  are  some  inflammations  in  which  these  phenomena  are  so 
characteristic  that  Virchow's  name  of  Parenchymatous  Inflammation 
is  properly  used  for  them.  It  may  be  presumed  that  the  irritant  in 
these  cases,  usually  a  morbid  poison,  has  special  affinities  for  the 
parenchymatous  structures.  It  is  not  to  be  inferred,  however,  that 
the  phenomena  in  the  blood-vessels  already  described  are  absent  in 
these  cases.  They  are  probably  present  in  all  cases,  and  they  may 
be  much  more  prominent  during  life  than  one  would  infer  from  the 
appearances  after  death,  when  the  parenchymatous  changes  are  per- 
haps unduly  obtrusive. 

2.  New-formation  of  tissue. — In  what  has  gone  before  the 
phenomena  described  have  been  chiefly  those  of  the  earlier  periods 
of  inflammation  and  hence  of  the  acute  stage.  Some  inflammations, 
however,  have  no  acute  stage,  and  others  after  an  acute  period 
become  less  intense ;  in  both  cases  changes  ensue  which  result  chiefly 
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in  new-formation  of  tissue.  It  may  be  said,  indeed,  that  most 
Chronic  inflammations  are  characterized  by  new-formation.  Besides 
this,  much  depends  on  the  nature  of  the  irritant.  There  are  some 
agents  which  affect  chiefly  the  blood-vessels,  others  which  involve 
mainly  the  parenchyma,  whilst  others  produce  their  effects  mainly 
on  the  connective  tissues,  and  lead  to  new-formation  as  their  prin- 
cipal characteristic.  The  new-formed  tissue  sometimes  exercises  an 
important  function  in  serving  as  a  bond  of  union  between  surfaces 
which  have  been  separated,  but  it  is  very  frequently  of  no  such 
beneficial  character.  Thus  both  the  tubercular  and  syphilitic  infec- 
tions are  characterized  by  the  formation  of  tissue,  which  in  both 
cases  shows  commonly  a  degenerative  tendency.  The  processes  con- 
cerned in  these  and  other  similar  diseases  may  be  designated  specific 
inflammations. 


Syr 


Fig  49.— Section  of  a  granulating  wound.    Vessels  cut  in  various  planes  are  seen. 
Outside  these  are  cells,  mostly  round  in  shape,    x  100. 

(a)  The  Granulating  Wound,  with  its  subsequent  development 
into  the  Cicatrix,  may  be  taken  as  a  type  of  the  inflammatory  new- 
formation.  On  the  infliction  '  of  a  wound  there  are  first  the 
phenomena  of  acute  inflammation  with  exudation  of  serous  fluid  and 
leucocytes  such  as  have  been  already  described.     As  the  irritation 
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of  the  actual  infliction  of  the  wound  subsides,  and  provided  the 
wound  does  not  unite  at  once  (first  intention),  a  milder  and  more 
prolonged  irritation  usually  ensues,  caused  in  various  ways  by  the 
friction  of  dressings,  by  decomposition  of  discharges,  etc.,  with  the 
result  that  so-called  granulations  cover  the  exposed  surface.  If  the 
wound  be  carefully  protected,  by  antiseptic  precautions  and  other- 
wise, from  all  irritation,  both  mechanical  and  chemical,  then  the 
granulations  do  not  form. 

Granulations  present  to  the  naked  eye  a  red,  somewhat  irregular, 
surface,  and  consist  of  a  highly  cellular  and  highly  vascular  tissue. 
(See  Figs.  49  and  50.)  There  is  here  new-formation  of  cells  and 
blood-vessels.  The  Cells  of  which  the  granulations  are  chiefly  com- 
posed are  of  two  kinds.  (See 
Fig.  50.)  There  are  first  the 
ordinary  leucocytes  of  the  mul- 
tinuclear  kind  which  have  been 
derived  from  the  vessels  and 
from  part  of  the  exudation 
which  granulations  mostly  yield. 
They  are  here  merely  in  transit 
from  the  vessels  to  the  surface 
or  to  the  lymphatics.  In  addi- 
tion to  these  there  are  larger 
cells  with  the  usual  round  or 
oval  nucleus  of  the  fixed  cells 
of  the  tissues.  These  are  the 
true  tissue  cells  of  the  granula-  p.g  50>..  From  superficial  part  of  granulating 
tions  and  are  concerned  in  the  wound-  CeJls  of  two  sorts,  large  epithelioid  ceils 

and  leucocytes,    x  4o0. 

new-formation  of  tissue. 

Soon  after  the  infliction  of  a  wound  the  fixed  cells  of  the  tissues, 
that  is  to  say,  the  connective  tissue  and  epidermic  cells  show  the 
active  nuclear  changes  of  Karyomitosis,  and  these  changes  are  also 
visible  in  the  walls  of  the  blood-vessels.  There  is  thus  very  early 
a  new-formation  of  cells  by  division,  and  it  is  by  this  process  that 
the  granulations  are  by  degrees  produced.  The  cells,  which  by 
contrast  with  the  leucocytes  are  large,  have  some  resemblance  to 
epithelial  cells,  and  are  hence  sometimes  called  Epithelioid  cells. 
As  they  are  concerned  in  the  formation  of  the  future  permanent 
tissue  they  are  also  called  Formative  cells.  Besides  these  there  are 
sometimes  cells  of  a  similar  character,  but  of  larger  size  and  with 
several  nuclei,  the  so-called  Giant  cells,  which,  however,  are  infrequent 
in  granulations  and  are  more  characteristic  of  the  specific  inflammations. 
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The  granulation  tissue  may  be  regarded  as  a  kind  of  embryonic 
tissue,  without  any  of  the  definite  characters  of  the  mature  tissues 
of  the  body.  Like  embryonic  tissue  it  has  the  power  of  developing 
mature  tissue,  but  its  powers  are  much  more  limited  than  those  of 
the  foetal  embryonic  tissue.  With  the  exception  of  the  cells  derived 
from  epithelium  at  the  edges  of  the  wound  it  is  connective  tissue 
which  the  granulations  are  capable  of  forming.  The  granulation 
cells  are  mostly  derived  from  connective  tissue,  and  are  inclined  to 


Fig.  51. — From  deeper  part  of  granulating  wound  ;  chiefly  spindle-shaped  cells,  but 
also  leucocytes  distinguished  by  their  nuclei.    X  450. 

pass  back  into  the  same  kind  of  tissue.  The  first  stage  in  this 
direction  is  an  elongation  of  the  cells,  so  that  the  more  or  less 
round  epithelioid  cells  become  spindle-shaped.  (See  Fig.  51.)  In 
the  deeper  parts  of  the  granulating  wound  there  are  frequently  con- 
siderable layers  of  spindle-cell  tissue.  (See  Fig.  51.)  The  next  stage 
is  the  formation  of  the  fibrous  intercellular  substance,  which  occurs 
by  the  production  of  a  homogeneous  or  fibrillated  material  between 
the  cells.  This  arises  by  a  kind  of  secretion  or  transformation  of 
part  of  the  cells,  and  the  latter  at  the  same  time  shrink  greatly 
and  form  the  small  elongated  connective-tissue  corpuscles  of  the 
cicatrix.     The  Cicatrix  is  thus  composed  of  new-formed  connective 
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tissue ;  but  it  is  imperfectly  formed,  the  intercellular  substance 
usually  denser  than  that  of  ordinary  connective  tissue,  and  with  a 
tendency  to  shrink  which  often  lasts  long  after  its  first  formation. 

The  blood-vessels  of  the  granulating  wound  form  a  rich  system 
of  capillaries,  mostly  in  the  form  of  loops  passing  towards  the  sur- 
face and  returning.     (See  Fig.  52.)     They  form  by  a  process  of 


Fig.  52.— Vessels  of  a  granulating  wound  injected.  (Billroth.) 


budding  from  the  existing  vessels  of  the  part.  The  protoplasm  of 
one  of  the  cells  in  the  wall  of  a  small  artery  or  capillary  pro- 
trudes outward,  like  a  bud,  and  extends  to  a  neighbouring  vessel, 
or  to  a  corresponding  process  from  another  vessel.  In  this  way 
solid  arches  (see  Fig.  53)  are  formed  which  increase  in  thickness. 


Fig.  53.— New-formation  of  blood-vessels  in  a  granulating  wound.    (After  Arnold.) 


The  vessels  are  formed  by  the  tunnelling  of  these.  It  has  been 
asserted  that  the  tunnelling  takes  place  by  the  conversion  of  some 
of  the  protoplasm  into  red  corpuscles  in  a  manner  similar  to  that 
which  occurs  in  the  original  formation  of  vessels  in  the  embryo, 
but  this  is  very  doubtful.  According  to  Thiersch  blood-vessels 
may  be  formed  by  a  process  of  channelling  among  the  cells.  The 
wall  of  the  vessel,  infiltrated  and  softened  by  the  inflammation, 
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allows  the  blood  plasma  to  pass  out,  and  this  forms  canals  which 
widen  and  admit  the  blood-corpuscles,  but  this  is  doubted  by  other 
authors,  such  as  Arnold  and  Yamagiwa. 

Bone  and  cartilage  are,  histologically,  forms  of  connective  tissue, 
and  they  are,  in  pathological  processes,  to  some  extent  interchange- 
able with  ordinary  connective  tissue.  Hence  in  inflammatory  new- 
formations  we  may  have,  according  to  circumstances,  these  tissues 
produced  along  with  or  instead  of  connective  tissue.  This  applies 
more  particularly  to  inflammations  in  connection  with  bone.  In 
fractures,  for  example,  the  so-called  callus  is  composed,  in  many 
cases,  of  all  three  tissues. 

The  New-formation  of  epithelium  is  an  essential  part  of  the  process 
of  the  conversion  of  a  granulating  wound  into  a  cicatrix.  To  some 
extent  the  cells  at  the  margins  of  the  granulating  wound  are  derived 
from  the  epidermic  cells,  and  these  will  develop  into  epidermis. 
The  new  epithelium,  however,  is  derived  to  a  large  extent  more 
directly  by  karyomitosis  from  the  surrounding  epidermic  cells. 
Hence  this  part  of  the  process  occurs  usually  at  the  margins  of  the 
wound,  and  will  only  take  place  in  the  midst  of  the  wound  if 
epithelial  structures  such  as  hair  follicles  or  glands  survive  there. 
A  certain  limited  amoeboid  movement  is  asserted  by  which  the 
young  epithelium  passes  into  its  proper  place.  The  newly-formed 
epithelium  is  translucent  and  delicate,  so  that  the  granulations 
beneath  show  their  colour  through  it.  The  epithelium  remains 
somewhat  translucent,  like  that  of  the  stratum  lucidum  of  the 
epidermis,  and  there  is  not  in  the  cicatrix  a  formation  of  a  proper 
Malpighian  layer.  Living  epithelium  may  be  transplanted  from  a 
distant  part  or  from  another  person  to  the  surface  of  a  wound 
where  it  may  multiply.    (See  further  on,  under  Transplantation.) 

(b)  Other  inflammatory  new-formations  present  processes  which 
in  their  elements  are  similar  to  those  just  described.  For  new- 
formation  to  occur  the  inflammation  must  be  prolonged  for  a  con- 
siderable time,  and  it  must  not  be  too  severe,  hence  usually  a 
chronic  inflammation.  As  it  is  connective  tissue  which  is  chiefly 
concerned  in  this  process,  the  result  is  in  most  cases  an  increase  of 
existing  connective  tissue.  In  such  cases  the  process  does  not  go 
through  such  definite  stages  as  in  the  case  of  the  granulating  wound, 
but  the  various  steps  are  present  side  by  side.  The  tissue  shows 
leucocytes,  formative  cells,  and  fully-formed  connective  tissue. 

A  brief  consideration  of  the  distribution  of  the  connective  tissue 
will  indicate  the  general  characters  of  the  inflammatory  new-forma- 
tion.   Membranes,  such  as  serous  and  mucous  membranes,  undergo 
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great  thickening  of  their  connective  tissue  structures.  As  serous 
membranes  are  essentially  composed  of  this  tissue  there  is  simply  a 
thickening  of  these.  (See  under  Chronic  Pleurisy  and  Chronic  Peri- 
tonitis.) The  same  applies  to  the  endocardium  of  the  heart  and  the 
intima  of  vessels,  which  are  connective  tissue  membranes  and,  in 
chronic  inflammations,  undergo  thickenings.  (See  under  Chronic 
Endocarditis  and  Atheroma.)  Mucous  membranes  contain  glandular 
structures,  and  the  thickening  and  shrinking  of  the  connective  tissue 
may  cause  atrophy  of  the  former,  and  actual  thinning  of  the 
mucous  membrane  as  a  whole.  (See  under  Chronic  Bronchitis.)  On 
the  other  hand,  there  may  be  a  great  thickening  of  the  mucous 
membrane,  especially  where  the  glands  are  few  or  simple  in  struc- 
ture. This  inflammatory  thickening  may  occur  irregularly,  and  there 
is  sometimes  a  localized  formation  of  tissue  which  projects  from  the 
surface  and  forms  tumour-like  out-growths,  the  so-called  Mucous 
polypi,  such  as  are  found  in  the  uterus,  nares,  larynx,  intestine,  etc. 
In  some  cases  there  is  a  new-formation  of  gland  tissue  along  with 
connective  tissue,  and  the  polypi  may  thus  be  more  complex  in 
structure. 

In  parenchymatous  organs  there  is  a  stroma  of  connective  tissue 
supporting  the  proper  tissue,  and  carrying  blood-vessels,  lymphatics, 
and  ducts.  In  chronic  inflammations  this  undergoes  increase,  and 
often  leads  to  atrophy  of  the  proper  tissue  and  shrinking  of  the 
whole  organ. 

Foreign  bodies,  or  dead  pieces  of  tissue,  frequently  give  rise  to 
inflammatory  new-formation.  A  foreign  body  introduced  among  the 
living  tissues,  if  not  very  virulent  in  its  own  nature,  sets  up  a 
mild  chronic  inflammation,  with  the  result  of  producing  a  vascular 
rudimentary  tissue  like  granulations.  If  the  foreign  body  be  per- 
meable by  this  tissue,  then  the  granulations  grow  into  it,  and, 
as  it  were,  devour  it,  replacing  it  first  by  their  own  rudimentary 
tissue,  which  afterwards  gives  place  to  connective  tissue.  As  this 
connective  tissue  is  comparatively  small  in  bulk,  and  tends  to  con- 
tract more  and  more,  the  result  of  the  whole  process  is  an  absorption 
of  the  foreign  or  dead  substance  and  the  gradual  disappearance  both 
of  it  and  of  the  tissue  which  has  replaced  it.  But  if  the  foreign  body 
is  not  permeable,  or  only  partially  so,  then  the  inflammation  results 
in  the  production  of  a  layer  of  connective  tissue  around  it,  and  so 
the  body  becomes  encapsuled. 

Many  instances  of  this  might  be  given.  If  a  piece  of  dead  animal 
tissue  be  introduced  into  the  body,  as,  for  instance,  a  piece  of  liver 
previously  hardened  in  chromic  acid  solution,  or  a  piece  of  prepared 
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catgut  used  to  ligature  a  vessel,  then  the  dead  tissue  is  first  replaced 
by  rudimentary  tissue  which  gradually  shrinks  away.  Again,  if  a 
piece  of  a  tissue  or  organ  dies,  then,  if  severe  inflammation  is  kept 
off,  it  is  replaced  by  rudimentary  tissue  and  absorbed.  In  fractures 
of  bones  it  often  happens  that  a  piece  is  entirely  separated  and  dies. 
Such  a  piece  of  bone  may  lie  exposed  in  the  wound  in  a  compound 
fracture,  and  it  has  frequently  been  seen  how  it  has  been  eaten  into 
by  the  granulations  and  absorbed  by  them. 

The  encapsuling  of  foreign  bodies  is  frequently  seen.  A  parasite 
such  as  the  trichina  or  echinococcus  obtains  a  connective  tissue  capsule. 
Dead  material  in  the  body  which  is  not  permeable  by  the  granulations 
is  similarty  treated,  such  as  dried-in  inflammatory  products,  which 
have  formed  first  a  caseous  and  then  a  calcareous  mass.  We  fre- 
quently find  such  calcareous  material  surrounded  by  a  fibrous  capsule 
in  the  lungs  and  elsewhere. 

V.— THE  ISSUES  OF  INFLAMMATION. 
The  manner  in  which  inflammations  conduct  themselves  till  their 
conclusion,  and  the  results  which  remain,  have,  to  a  large  extent,  been 
explained  in  what  has  gone  before.    We  have  here  briefly  to  gather 
up  the  facts  and  bring  them  into  relation. 

1.  Resolution,  or  Restitutio  ad  integrum. — -These  terms  are  applied 
to  the  subsidence  of  the  inflammation  and  a  restoration  of  the  parts 
to  their  previous  normal  condition.  This  can  scarcely  take  place 
except  in  acute  inflammations,  as  the  occurrence  of  new-formation 
constitutes  a  more  or  less  permanent  lesion.  In  the  case  of  acute 
inflammations,  as  soon  as  the  irritant  ceases  to  act,  the  phenomena, 
so  far  as  the  blood-vessels  are  concerned,  will  soon  cease,  and  there 
will  remain  to  be  dealt  with  the  exudation  and  the  alteration  of 
the  tissues.  The  exudation,  so  far  as  it  consists  of  serous  fluid  and 
leucocytes,  is,  as  a  rule,  readily  absorbed.  It  is  generally  situated 
so  as  to  be  in  immediate  communication  with  the  lymphatics,  and 
the  leucocytes,  by  their  own  movement,  may  pass  into  these.  Where 
absorption  is  not  so  readily  effected,  the  cells  frequently  undergo 
fatty  degeneration,  and  this  applies  to  other  cells  besides  leucocytes 
which  may  be  in  the  exudation.  Cells  which  have  undergone  fatty 
degeneration  readily  disintegrate,  and  the  resulting  fatty  matter  is 
easily  absorbed  as  a  general  rule.  In  like  manner,  the  fibrinous 
exudation  may  undergo  fatty  degeneration,  or  otherwise  disintegrate 
and  undergo  absorption. 

2.  Adhesion  of  inflamed  surfaces  is  a  frequent  result  of  new- 
formation.    In  the  case  of  the  granulating  wound,  if  two  granulating 
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surfaces,  such  as  the  naps  of  a  stump,  be  brought  together,  they 
coalesce,  and  the  two  layers  ultimately  form  a  single  bond  of  union, 
the  cicatrix.  There  may  be,  in  some  cases,  a  regeneration  of  tissue 
which  may  have  been  lost,  but  this  is  generally  imperfect.  (See 
under  Regeneration.)  Adhesion  occurs  in  other  cases  as  well.  The 
inflamed  surfaces  of  pleura,  pericardium,  peritoneum,  etc  ,  commonly 
coalesce  and  form  permanent  adhesions,  composed  of  connective  tissue. 
By  means  of  these  adhesions  the  blood-vessels  of  the  two  surfaces 
communicate,  and  the  adhesion  is  a  permanent  one,  the  cavity  being 
obliterated  so  far  as  adhesion  has  occurred. 

3.  Induration  is  a  frequent  result  when  the  connective  tissue  of 
an  organ  or  considerable  piece  of  tissue  is  affected  by  chronic  inflam- 
mation. The  new- formed  connective  tissue,  like  that  of  the  cicatrix, 
is  dense,  and  tends  to  shrink.  Hence  the  structures  are  rendered 
more  dense  and  processes  result  which  are  sometimes  designated  by 
the  term  Sclerosis. 

4.  Necrosis,  or  death  of  tissue,  is  a  frequent  issue  of  acute  inflam- 
mation. The  dead  tissue  may  be  absorbed  in  the  manner  already 
referred  to,  or  it  may  be  discharged  as  a  slough. 

VI.— THE  FORMS  OF  INFLAMMATION. 

We  have  had  occasion  already  to  notice  that  the  various  phenomena 
of  inflammation  are  not  always  present  in  every  case,  and  one  or 
other  of  them  may  be  so  pronounced  as  to  give  its  character  to  the 
inflammation.  Hence,  names  have  been  given  according  as  the  in- 
flammation shows  certain  special  characters.  It  may,  however,  be 
remarked  that  hyperemia  is  a  nearly  constant  accompaniment  of 
inflammation,  and  in  slight  acute  inflammations  it  may  be  almost  the 
only  phenomenon.  Exudation  is  also  of  almost  constant  occurrence. 
Indeed,  in  the  examination  of  the  tissues  after  death,  the  presence 
of  leucocytes  or  round  cells  is  often  the  most  definite  evidence  of 
the  existence  of  an  inflammation. 

In  the  various  forms  of  inflammation  now  to  be  mentioned,  it  is  not 
to  be  supposed  that  a  classification  of  inflammations  is  attempted. 
These  are  merely  names  in  current  use  which  call  for  explanation. 

1.  Parenchymatous  inflammation  is  a  term  introduced  by  Virchow 
to  indicate  that  the  inflammation  affects  mainly  the  tissue  elements. 
It  is  characterized  chiefly  by  cloudy  swelling  and  fatty  degeneration 
of  the  structures.    It  has  been  referred  to  at  p.  151. 

2.  Interstitial  inflammation  is  almost  the  converse  of  that  just 
mentioned.  In  it  the  inflammation  affects  chiefly  the  connective 
tissue,  which  forms  the  supporting   stroma  of  organs.     In  acute 
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inflammations  there  will  be  an  infiltration  of  the  connective  tissue 
with  leucocytes,  and  in  some  cases  this  may  be  so  intense  as  to 
give  rise  to  infiltration  of  pus.  In  chronic  inflammations  there  will 
be  new-formation  of  tissue,  usually  resulting  in  induration.  A  fre- 
quent consequence  of  chronic  interstitial  inflammation  is  atrophy  of 
the  proper  parenchyma  of  the  organ,  produced  by  the  shrinking  of 
the  new-formed  tissue,  partly  acting  directly  on  the  parenchyma  and 
partly  compressing  the  blood-vessels. 

3.  Suppurative  inflammation. — From  what  has  gone  before  it  will 
appear  that,  for  the  most  part,  it  is  in  intense  inflammations  produced 
by  virulent  microbes  that  suppuration  occurs.  Phlegmonous  inflam- 
mation is  a  name  given  to  very  acute  inflammations  accompanied 
by  suppuration  and  necrosis.  It  is  usually  applied  to  inflammations 
of  that  character  in  the  skin  and  subcutaneous  tissue,  of  which 
erysipelas  affords  the  best  example. 

4.  Infective  inflammations  imply  the  presence  of  microbes,  which 
by  their  multiplication  produce  an  extension  of  the  inflammation 
from  its  original  seat.  The  infection  usually  extends  locally  by  means 
of  the  serous  spaces  and  lymphatics  (as  in  erysipelas),  or  it  may  be 
carried  by  the  blood  to  distant  parts,  and  produce  inflammations  by 
metastasis.  (See  under  Infective  Embolism.)  The  infective  inflam- 
mations are  mostly  suppurative. 

5.  Ulcerative  inflammation,  Ulceration. — These  terms  imply  necrosis 
or  loss  of  tissue,  generally  of  a  progressive  character.  The  loss  of 
tissue  may  be  rapid,  and  involve  the  formation  of  visible  sloughs,  or 
it  may  be  gradual,  a  molecular  necrosis,  the  dead  particles  being 
absorbed  or  removed  in  the  exudation.  These  results  are  produced 
by  very  intense  irritants,  and  the  inflammations  are  usually  of  an 
infective  and  suppurative  character.  While  ulceration  expresses  the 
process  of  progressive  destruction  of  tissue,  the  ulcer  is  the  open 
exposed  gap  in  the  tissue.  If  the  ulceration  pauses,  then  the  ulcer 
becomes  covered  with  granulations  and  is  converted  into  a  granulating 
wound. 

Literature. — John  Hunter,  A  treatise  on  the  blood,  inflammation,  and  gun-shot 
wounds,  1793;  Cohnhbim,  Allg.  Path.,  vol.  i. ;  Eecklinghausen,  Allg.  Path.; 
Virchow,  Handb.  d.  spec.  Path.  u.  Therap.,  vol.  i.,  and  Cellular  Pathology;  Paget, 
Lect.  on  Surg.  Path.  State  of  Vessels— Lister,  Phil,  trans.,  1858,  vol.  cxlviii. ; 
Saviotti,  Virch.  Arch.,  vol.  1. ;  Cohnheim,  Neue  Unters.  iiber  d.  Entziindung,  1873; 
Burdon  Sanderson,  Holmes'  Syst.  of  Surgery,  3rd  ed.,  1883,  vol.  i. ;  Thoma, 
Virch.  Arch.,  vols.  lxii.  and  lxxiv. ;  Wharton  Jones,  The  blood  and  blood-vessels 
in  inflammation,  1853.  Temperature — John  Hunter,  Palmer's  ed.,  iii.,  338;  Simon, 
Holmes'  Syst.  of  Surg.,  vol.  i. ;  Weber,  Pitha-Billroth's  Handb.,  i.,  381  ;  Jacobson, 
Virch.  Arch.,  li. ;  W.  Lawrence,  Lect.  on  Surgery,  1863.    Exudation — W.  Addison, 
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Healthy  and  diseased  structure,   1849  ;   Williams,  Principles   of  med.,   1843  ; 
!  Waller,  Phil.  Mag.,  1846,  vols,  i.,  ii.  ;  Becklinghausen,  Virch.  Arch.,  xxviii., 
i  and  Strieker's  Handb. ;  Arnold,  Virch.  Arch.,  lxxiv.  ;  Goodsir,  Edin.  Monthly 
Jour.,  1849  ;  Axel  Key  and  Wallis,  Virch.  Arch.,  lv. ;  Bottcher,  Virch.  Arch.,  lxii.; 
Cohnheim,  1.  c.  and  Allg.  Path.,  1882 ;  Stricker,  Wien.  Med.  Jahrb.,  1871-83  ; 
Ogston,  Brit.  Med.  Jour.,  1881,  vol.  i.  ;  Kosenbach,  Wundinfectionskrankheiten, 
1885  ;  Weigert,  Eulenburg's  Encyclop.  Art.  Entziindung  ;  Grawitz  and  De  Bary, 
Virch.  Arch.,  cviii.  and  ex.    New-formation — Ziegler,  Unters.  iiber  path.  Bindege- 
web.  und  Gefiissneubild,  1876;  Sherrington  and  Ballance,  Jour,  of  Anat.  and 
Physiol.,  x.,  1889;  Billroth,  Entz.  d.  Blutgefass. ,  1856;  Meyer,  Annalen  der 
Charite-krankenhaus,  iv.,  1  ;  Arnold,  Virch.  Arch.,  liii.  and  liv.  ;  Thiersch,  in 
Pitha-Billroth's  Handb.,  i.  ;  Haukelem,  Virch.  Arch.,  cvii.  ;  Yamagiwa,  Virch. 
'  Arch.,  exxxii.,  446;  Metchnikoff,  Comp.  Path,  of  Inflam.,  transl.  by  Starling, 
1893. 
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SECTION  VI. 
RETROGRADE  CHANGES. 

I.  Necrosis,  Gangrene,  Mortification.  (1)  Causes;  direct  injury,  obstruction  of 
arteries,  spasm  of  arteries,  obstruction  of  veins,  nervous  influences,  assisted 
by  weakness  of  the  heart ;  (2)  Forms  of  necrosis  and  changes  in  tissues, 
determined  chiefly  by  inflammation  and  putrefactive  changes.  Various 
forms  of  gangrene  ;  coagulation-necrosis  ;  caseation  ;  (3)  Issues  of  necrosis. 

II.  Simple  atrophy,  its  physiological  type.     General  and  local  atrophy. 

III.  Albuminous  infiltration,  also  in  general  and  local  forms.  IV.  Fatty 
degeneration,  a  transformation  of  nitrogenous  principles.  General  and  local 
forms^.  Character  of  lesion  and  results.  V.  Fatty  infiltration,  (!)  in  con- 
nective tissue,  (2)  in  the  liver.  VI.  Pathological  pigmentation— Origin  of 
pigment.  (1)  Alterations  of  physiological  pigmentation;  (2)  pigmentation 
by  haemoglobin  and  its  derivatives  ;  (3)  icterus,  hepatogenous  and  hemato- 
genous ;  (4)  pigmentation  in  tumours  ;  (5)  pigmentation  from  without ;  (6) 
pigmentary  atrophy.  VII.  Amyloid  degeneration — Causation  and  nature  of 
process  ;  changes  in  tissues  and  seat ;  local  amyloid  degeneration  ;  corpora 
amylacea.  Mucous,  colloid,  and  hyaline  degenerations.  Calcareous  infil- 
tration, mainly  in  dead  or  obsolete  structures  ;  characters  and  effects. 

TTNDER  this  designation  are  included  a  number  of  conditions,  all 
^  of  which  imply  a  degradation  of  the  nutritive  processes  in  the 
tissues.  As  the  cells  are  concerned  in  the  nutrition  of  the  tissues, 
it  is  for  the  most  part  these  which  are  at  fault,  although  it  may  be 
that  in  some  cases  the  most  manifest- visible  changes  are  not  in  them. 
The  most  extreme  case  is  where  the  nutrition  ceases  altogether,  and 
the  structure  dies.  Short  of  that,  we  have  various  lesions  manifesting 
themselves.  Thus  there  is  a  simple  diminution  of  the  vitality,  and 
the  structures  dwindle.  Again,  the  chemical  constituents  of  the  struc- 
tures change,  splitting  up,  it  may  be,  into  more  elementary  principles. 
Or  the  tissues  are  unable  to  prevent  the  deposition  in  them  of 
extraneous  material,  which  is  thus  infiltrated  into  them.  These  last 
are  called  infiltrations,  whereas  the  conditions  in  which  there  is  a 
degradation  of  the  normal  constituents  into  lower  chemical  substances 
are  designated  degenerations. 
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I. — NECROSIS  :  GANGRENE  :  MORTIFICATION. 

The  term  Necrosis  is  equivalent  to  local  death  of  tissue,  and  includes 
all  forms  of  lesions  in  which  any  structure  of  the  body  loses  its  vitality. 
Gangrene  has  a  more  limited  significance,  being  applied  chiefly  to 
cases  in  which  the  necrosis  is  accompanied  by  putrid  decomposition 
of  the  part,  and  especially  to  death  of  considerable  portions  of  the 
external  parts  of  the  body.  Mortification  has  a  similar  meaning. 
Sloughing  is  the  death  and  separation  by  ulceration  of  smaller  parts 
of  the  soft  external  tissues.  Sphacelus  has  a  similar  significance. 
Necrosis  is  sometimes  used  in  the  limited  sense  of  death  of  bone  or 
cartilage. 

1.  Causes  of  necrosis. — An  agent  may  cause  necrosis  by  acting 
directly  on  the  tissues,  or  may  do  so  indirectly  by  interfering  with 
their  blood-supply  or  innervation. 

Instances  of  Direct  action  are  afforded  by  chemical  agents,  by 
morbid  poisons,  by  traumatic  action,  and  by  extremes  of  temperature. 

Chemical  agents,  such  as  strong  acids  or  alkalies,  destroy  the 
vitality  of  the  tissues  by  their  direct  action,  and  they  sometimes 
dissolve  the  tissues  at  the  same  time. 

Morbid  poisons  are  for  the  most  part  substances  evolved  by 
microbes,  and  they  frequently  produce  necrosis.  The  products  of 
ordinary  putrid  decomposition  may  produce  necrosis,  as,  where  de- 
composing urine  is  extravasated  into  the  tissues.  We  see  also  in 
the  cases  of  pyaemia,  erysipelas,  tuberculosis,  syphilis,  diphtheria,  that 
when  microbes  settle  in  the  tissues  and  multiply,  they  commonly  give 
rise  to  necrosis  when  acting  in  a  concentrated  form. 

Traumatic  action,  besides  its  direct  effect  in  injuring  the  tissues, 
will  produce  necrosis  more  frequently  by  obstructing  or  rupturing 
the  vessels. 

Extremes  of  heat  or  cold  produce  necrosis,  partly  by  affecting  the 
living  structures  directly,  and  partly  by  their  effect  on  the  vessels. 
The  ear  of  a  rabbit  immersed  in  water  heated  to  130°  to  136°  F.,  or 
in  a  freezing  mixture  reduced  to  about  0°  F.,  suffers  necrosis  even 
when  the  immersion  is  for  a  very  short  time.  If  the  temperature  is 
less  extreme  a  short  immersion  produces  intense  inflammation,  and  a 
longer  immersion  produces  necrosis.  (Cohnheim.) 

Pressure  on  a  part  produces  necrosis  when  long  continued,  and  it 
does  so  chiefly  by  emptying  the  vessels,  and  especially  the  capillaries. 
Pressure  from  within  is  exemplified  in  the  case  of  abscesses  and 
tumours  which  advance  to  the  surface  and  cause  sloughing  of  the 
skin.    External  pressure  is  seen  to  produce  necrosis  in  the  case  of 
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bed-sores,  or  where  bandages  or  splints,  by  pressing  on  a  bony  pro- 
minence, cause  sloughing  of  the  skin  over  it. 

Obstruction  of  arteries  is  a  frequent  cause  of  necrosis.  As  the 
nutrition  of  the  tissues  depends  on  the  capillary  circulation,  obstruc- 
tion in  an  artery  will  scarcely  produce  necrosis,  unless  it  brings  about 
a  complete  stasis  in  the  capillaries.    (See  under  Embolism.) 

Besides  obstruction  of  arteries  by  embolism,  there  is  very  frequently 
a  partial  interference  with  their  calibre  as  a  result  of  atheroma,  especi- 
ally when  thrombosis  is  superadded.  In  senile  gangrene  there  is 
always  atheroma  of  the  arteries  of  the  lower  limb,  and  this  even 
without  complete  obstruction  may  be  the  cause  of  the  gangrene, 
although  weakness  of  the  heart  and  of  the  tissues  resulting  from  old 
age  may  contribute.  Softening'  of  the  brain  in  old  people  is  similarly 
produced  from  atheroma.  These  softenings  are  frequently  in  the 
cortex  of  the  brain,  and  lead  as  much  to  weakness  of  mind  as  to 
motor  paralysis,  whereas  softening  from  embolism  is  usually  central, 
and  leads  to  more  definite  paralysis. 

Spasm  of  arteries  is  an  occasional  cause  of  gangrene,  as  in  Raynaud's 
disease  (see  p.  97).  It  has  also  been  assigned  as  the  cause  of  gangrene 
in  poisoning  with  Ergot  of  Rye.  In  former  days  there  used  to  be 
epidemics  of  what  is  now  recognized  as  Ergotism  from  eating  bread 
made  with  grain  in  which  ergot  was  present.  The  symptoms  consisted 
of  disturbances  of  sensation  and  violent  cramps,  followed  by  redness  of 
the  skin,  and  sometimes  culminated  in  necrosis  of  the  tips  of  the  fingers 
and  toes,  or  of  the  nose  and  ears.  This  result  is  ascribed  by  some 
to  spasm  of  the  arteries,  a  view  which  is  confirmed  by  an  observation 
of  Recklinghausen,  who  found  by  experiment  in  fowls  that  under  the 
influence  of  ergot  the  arterioles  of  the  cock's  comb  and  of  the  tongue 
showed  a  violent  and  persistent  contraction,  during  which  thrombosis 
occurred,  obstructing  or  occluding  their  calibre.  Besides  this  action 
on  the  vessels,  the  poison  may  have  a  directly  poisonous  effect  on 
the  tissues,  and  the  necrosis  may  be  further  assisted  by  the  injury 
to  which  an  anaesthetic  part  is  exposed. 

Obstruction  of  veins  seldom  produces  necrosis,  as  these  vessels 
anastomose  so  freely  that  stasis  in  the  capillaries  will  rarely  occur- 
It  takes  place,  however,  when  a  piece  of  intestine  is  incarcerated  in 
a  sac  with  a  narrow  neck,  as  in  a  strangulated  hernia,  in  which 
case  gangrene  is  frequent.  Even  extensive  thrombosis  may  lead  to 
gangrene. 

Nervous  influences  frequently  contribute  to  the  production  of 
necrosis.  Lesions  of  the  peripheral  nerves,  the  spinal  cord  and  brain, 
are  sometimes  followed  so  rapidly  by  the  formation  of  sloughs  in  parts 
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of  the  body  exposed  to  pressure  in  lying  in  bed,  that  the  term 
Acute  bedsore,  or  Acute  decubitus,  has  been  applied.  This  has  been 
ascribed  to  an  affection  of  the  trophic  nerves  by  the  primary  lesion, 
but  it  remains  doubtful  to  what  extent  the  immobility  of  the  patient, 
his  constant  retention  of  the  same  posture,  and  the  alteration  in 
the  circulation,  may  account  for  the  necrosis  without  calling  in  the 
action  of  trophic  nerves. 

A  similar  difficulty  exists  as  to  the  necrosis  in  Anesthetic  leprosy. 
Here  the  affected  parts  are  devoid  of  feeling  and  the  vaso-motor  nerves 
are  implicated,  hence  the  parts  are  more  exposed  to  injury  and  to 
variations  in  temperature,  which  are  not  compensated  by  alterations 
in  the  circulation. 

In  all  forms  of  necrosis  Weakness  of  the  heart  may  exercise  an 
influence,  and  in  some  cases  it  may  even  be  the  main  element.  In 
extreme  cases  of  general  weakness,  and  in  some  cases  of  specific  fever, 
there  may  be  necrosis  of  the  extremities  partly  due  to  weakness  of 
the  heart  and  partly  to  alteration  in  the  constitution  of  the  blood. 

The  various  tissues  comport  themselves  somewhat  differently  in  relation  to  the 
•causes  of  necrosis,  or,  in  other  words,  they  are  in  different  degrees  able  to  sur- 
vive a  deprivation  of  blood.  For  example,  Litten  found  that  if  he  ligatured  the 
renal  artery  in  a  rabbit  for  1£  to  2  hours  and  then  removed  the  ligature,  the 
circulation  was  perfectly  restored,  and  the  blood-vessels  and  connective  tissue 
survived ;  while  the  epithelium  of  most  of  the  convoluted  tubules  underwent 
necrosis.  Ehrlich  and  Brieger  found  that  a  suspension  for  one  hour  of  the 
circulation  in  the  lumbar  part  of  the  spinal  cord  caused  necrosis  of  the  grey 
substance,  while  the  white  substance  was  not  affected.  Muscle  seems  also  peculi- 
arly sensitive  to  deprivation  of  blood.  Thus  in  embolism  of  the  coronary  artery 
of  the  heart  the  muscular  fibres  will  die  before  the  circulation  can  be  re-established, 
while  the  connective  tissue  survives.  In  this  relation,  skin,  bone,  and  connective 
tissue  possess  great  powers  of  resistance,  while  nervous  tissue,  muscle,  and  the 
secreting  tissue  of  glands  are  more  vulnerable. 

The  tissues  again  may  be  rendered  unduly  susceptible  of  necrosis.  Anaemia 
and  passive  hyperemia  render  the  tissues  more  vulnerable.  Diabetes  has  a  similar 
effect ;  boils  and  carbuncles  are  common  in  that  disease,  and  slight  injuries  are 
liable  to  go  on  to  necrosis.  Again,  children  who  are  in  extreme  states  of  inanition, 
especially  after  acute  fevers,  are  liable  to  Cancrum  oris  or  Noma  in  which  extensive 
necrosis  of  the  soft  parts  in  the  neighbourhood  of  the  mouth  occurs. 

2.  Forms  of  necrosis,  and  changes  in  the  tissues. — The  changes 
which  the  dead  tissues  undergo  vary  considerably  according  to  cir- 
cumstances, and  the  resulting  appearances  are  so  different  that  special 
names  are  given  and  forms  described  according  to  the  appearances 
presented.  From  what  has  gone  before,  it  will  appear  that  inflam- 
mation frequently  goes  along  with  necrosis  ;  the  two  are  sometimes 
produced  simultaneously  by  the  same  cause,  or  the  dead  structures 
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may  in  themselves,  or  by  the  products  evolved  by  them,  produce 
inflammation. 

The  circumstances  which  determine  the  form  which  the  necrosis 
will  assume  are  chiefly  these — the  position  of  the  dead  structure, 
whether  internal  or  external,  whether  protected  from  the  access  of 
air  or  not ;  the  presence  or  absence  of  acute  inflammation ;  the  bulk 
of  the  dead  piece ;  its  structure  and  chemical  constitution.  The  most 
important  circumstance  is  whether  putrefactive  changes  occur  or 
not.     Dead  pieces  of  tissue,  like  all  dead  animal  matter,  are  liable 


Fig.  54.— Section  of  normal  part  of  kidney.    The  nuclei  of  the  epithelium  of  the 
tubules  brought  out  by  staining,    x  460. 

to  decomposition  under  the  influence  of  microbes.  In  most  cases  of 
necrosis  in  external  parts  and  in  the  lungs,  the  air  finding  access 
carries  with  it  the  microbes  concerned  in  these  processes,  and  putre- 
faction is  the  result.  In  this  case  the  term  gangrene  is  usually 
applied. 

In  most  cases  of  necrosis  the  process  is  characterized  by  the  dis- 
appearance of  the  nuclei  of  the  cells.  Figs.  54  and  55  show  this  in 
the  case  of  necrosis  from  embolism  in  the  kidney.  Fig.  54  is  from 
the  tissue  outside  the  necrosed  area,  and  it  is  seen  that  the  nuclei 
of  both  the  connective  tissue  and  epithelium  are  preserved.   Fig.  55 
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on  the  other  hand  is  from  the  infarction  near  its  outer  limits  ;  here 


Fig  55. — Section  of  affected  part  of  same  kidney  near  border  of  infarction.  The 
tubular  epithelium  necrosed,  the  nuclei  invisible.  The  interstitial  tissue  with  many 
nuclei,     x  400. 

the  nuclei  have  disappeared  from  the  epithelium,  but  are  preserved 
in  the  connective  tissue. 


In  Fig.  56  there  is  also  disap- 
pearance of  the  nuclei  of  the  renal 
epithelium  in  consequence  of  the 
presence  of  microbes  in  a  capillary 
blood-vessel.  This  is  probably 
from  necrosis  as  a  result  of  the 
action  of  the  microbes,  but  as 
putrefaction  also  leads  to  disap- 
pearance of  the  nuclei,  it  may  be 
an  effect  of  the  post-mortem  growth 
of  microbes,  which  however  must 
have  been  planted  during  life. 


Fig.  56.  -  Capillary  blood-vessel  (6)  in  kidney  filled 
with  micrococci,  from  a  case  of  pyaemia.  There  is  a 
tubule  on  either  side  (a,  a),  the  nuclei  of  which  are 
visible  except  in  the  neighbourhood  of  the  capillary. 
X  650. 


a.  Dry  gangrene  or  Mum- 
mification.— These  terms  are 
applied  in  the  case  of  external  parts,  when  the  circumstances  are  such 
that  there  is  little  moisture  in  the  parts.  Hence  it  will  not  occur  where 
acute  inflammation  precedes  or  accompanies  the  process.    It  is  mostly 
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met  with  in  cases  of  embolism  or  other  obstruction  of  the  arteries,  and 
is  characteristic  of  senile  gangrene  and  of  Raynaud's  disease.  The 
part  undergoes  a  gradual  deepening  of  colour;  at  first  merely  livid, 
it  passes  into  purple,  deep  blue,  and  even  black.  This  is  due  to  the  fact 
that  the  blood-pigment  is  dissolved  out  and  stains  the  tissues,  which 
deepen  in  colour  as  the  pigment  becomes  concentrated  by  the  part 
drying.  The  cuticle  generally  gets  raised  by  the  accumulation  of  a 
red  fluid  beneath  it,  and  bullae  are  formed.  If  the  cuticle  separates, 
evaporation  is  accelerated.  The  part,  which  is  usually  the  extremity 
of  the  lower  limb,  gradually  shrinks,  and  is  converted  into  a  hard 
black  mass,  often  with  a  mouldy  smell.  In  dry  gangrene  there  is 
putrid  decomposition,  but  as  there  is  a  deficiency  of  fluid  this  occurs 
to  a  subordinate  degree. 

b.  Moist  gangrene,  Sphacelus,  Sloughing. — In  the  conditions 
designated  by  these  names,  putrid  decomposition  plays  a  prominent 
part,  and  the  tissues  are  separated  in  a  softened  condition.  Moist 
gangrene  is  the  condition  where  a  considerable  portion  of  the  body 
has  died  and  is  undergoing  separation.  It  is  well  seen  in  cases 
where  a  portion  of  the  leg  has  died  in  consequence  of  injury.  The 
parts  which  were  at  first  hot,  red,  and  painful,  become  mottled  with 
brown,  blue,  and  black,  and  the  surface  often  presents  blisters.  The 
part  becomes  cold  and  darker  except  at  the  margin,  where  a  dusky 
red  line  of  demarcating  inflammation  appears.  The  tissues  are  uni- 
versally stained  with  blood-pigment,  the  cuticle  gives  way  and 
putrescence  advances,  causing  breaking  down  of  the  tissues,  which  are 
separated  in  all  stages  of  softening,  the  more  resistant  tissues  such 
as  bone  and  cartilage  retaining  their  form.  The  part  exhales  a 
strong  odour,  and  its  juices  contain  fluid  fat,  phosphates,  extractives, 
as  well  as  multitudes  of  microbes. 

Sloughing  is  a  similar  process  where  smaller  parts  of  the  soft 
tissues  are  separated  in  a  state  of  putrid  decomposition. 

c.  Desiccation  without  putrescence. — This  is  somewhat  similar  to 
dry  gangrene,  except  that,  occurring  in  internal  parts,  there  is  no 
decomposition.  The  part  simply  dries  in  and  shrivels.  The  most 
striking  example  of  this  is  afforded  by  extra-uterine  pregnancy,  in 
which  the  foetus  after  its  death  is  retained  in  the  abdomen  of  the 
mother.  The  foetus  may  remain  for  many  years,  simply  drying  in  and 
getting  encased  in  a  capsule,  which  becomes  impregnated  with  lime 
salts.  Virchow  in  a  case  of  this. kind  found  muscle,  connective  tissue, 
and  vessels  still  recognizable  after  twenty  years.  In  twin  pregnancies 
also,  one  of  the  foetuses  may  die  at  an  early  period,  but,  being  retained, 
it  is  born  along  with  the  other  in  the  form  of  a  dry  flattened  object. 
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d.  Softening  without  putrescence,  Colliquefaction. — This  is  almost 
peculiar  to  necrosis  of  the  nervous  system  in  consequence  of  obstruc- 
tion of  arteries.    The  process  is  accompanied  by  fatty  degeneration. 

e.  Coagulation-necrosis. — This  term  was  introduced  by  Cohnheim, 
and  the  subject  has  been  elaborated  by  Weigert.  When  necrosis 
occurs  in  internal  parts  which  are  rich  in  cells,  then  the  tissue  fre- 
quently becomes  converted  into  a  solid,  firmly  compacted  mass. 
Weigert  compares  the  process  to  the  coagulation  of  the  blood,  and 
asserts  that  the  cells  in  dying  enter  into  combination  with  the 
fibrinogen  contained  in  the  fluid  which  permeates  the  tissue.  In 
order  to  this  process  the  tissue  must  be  a  very  cellular  one,  and  an 
abundant  supply  of  fluid  must  be  present.  The  embolic  infarction 
in  the  spleen  and  kidney  forms  the  most  typical  example.  The 
infarction  forms  a  stiff,  firm  wedge  which  may  be  pale  or  may  con- 
tain blood.  The  process  is  characterized  by  the  disappearance  of  the 
nuclei  from  the  affected  structures. 


Fig.  57. — Coagulation -necrosis  in  muscle.  The  sarcolemma  surrounds  the  coagu- 
lated clump,  drawing  together  at  the  ends.     X  350. 


A  peculiar  change  which  occurs  in  voluntary  muscle  is  also 
regarded  by  Weigert  and  others  as  a  form  of  coagulation-necrosis. 
This  is  the  process  described  by  Zenker  as  waxy  degeneration  of 
muscle,  which  is  also  designated  colloid  and  hyaline  degeneration. 
It  is  brought  about  by  direct  injury  to  the  living  muscle.  It  also 
occurs  in  certain  febrile  states  where  the  temperature  runs  high, 
especially  in  typhoid  fever  and  phthisis  pulmonalis,  and  is  some- 
times seen  in  paralyzed  muscles.  It  may  be  produced  artificially  by 
freezing  the  muscle  of  a  living  animal,  or  by  injuring  it  before  the 
occurrence  of  post-mortem  rigidity.  The  change  is  met  with,  in  the 
human  subject,  chiefly  in  the  diaphragm,  the  rectus  abdominis,  and 
the  adductors  of  the  arms.  It  consists  in  a  coagulation  of  the  con- 
tractile substance,  the  fibre  being  converted  into  a  homogeneous 
translucent  cylinder.  The  affected  fibres  are  brittle,  and  the  cylinders 
get  broken  up,  often  presenting  transverse  cleavages,  or  giving  origin 
to  oval  clumps  as  in  Fig.  57. 
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In  atheroma  of  arteries  there  are  often  translucent  structureless 
pieces  in  the  walls,  which  Weigert  also  claims  as  examples  of 
coagulation-necrosis.  Similarly  some  tube  casts  in  the  kidney  are 
supposed  to  originate  by  necrosis  and  coagulation  of  the  epithelium, 
and  the  membranous  exudation  in  diphtheria  is  asserted  to  have  a 
similar  origin. 

Hyaline  degeneration,  as  used  by  Recklinghausen,  to  a  large  extent 
covers  the  same  ground  as  the  coagulation-necrosis  of  Cohnheim  and 
Weigert.    (See  further  on.) 

/.  Caseous  necrosis. — This  is  a  condition  closely  allied  to  coagula- 
tion-necrosis. In  the  latter  the  necrosis  occurs  for  the  most  part 
suddenly  in  structures  hitherto  unaltered,  whereas  caseous  necrosis 
is  always  part  of  another  pathological  process.  It  is  highly  char- 
acteristic of  tuberculosis,  so  much  so  that  the  term  is  nearly  equiv- 
alent to  the  older  designation  tuberculization,  and  caseous  matter  is 
virtually  the  same  as  crude  or  yellow  tubercle.  It  is  also  frequent 
in  syphilitic  new-formations.  In  all  cases  there  is  a  great  abundance 
of  cells,  which  are  not  the  normal  cells,  but  are  produced  by  exuda- 
tion or  new  formation.  The  necrosed  tissue  undergoes  a  process  of 
condensation  or  coagulation,  accompanied  by  fatty  degeneration,  the 
result  being  a  somewhat  dense  brittle  matter,  which  has  been  com- 
pared to  cheese. 

In  its  microscopic  details  the  process  involves  a  complete  obscura- 
tion of  structure.  The  nuclei  disappear  as  in  coagulation-necrosis, 
and  the  presence  of  abundant  fine  fat  granules  renders  the  structure 
very  opaque  and  homogeneous.  As  the  necrosis  involves  not  only 
the  new-formed  cells,  but  the  tissue  in  which  they  are  seated,  the 
result  is  a  disappearance  of  the  details  of  the  tissue,  sometimes  to 
such  an  extent  as  to  render  the  structure  difficult  of  identification. 

g.  Molecular  necrosis. — This  term  is  used  chiefly  in  regard  to 
lesions  of  a  surface  in  which  there  is  a  gradual  extension  of  necrosis, 
and  the  dead  structures  are  removed  in  a  finely  disintegrated  condi- 
tion without  solid  sloughing.  The  result  of  this  is  the  formation  of 
an  ulcer,  and  as  there  is  a  gradual  extension  of  the  necrosis  there 
is  usually  a  progressive  Ulceration.  The  process  is  usually  the 
result  of  infective  agents.  Thus  tuberculosis  of  a  mucous  surface 
produces  a  progressive  ulceration  by  necrosis  of  the  tissue  and 
gradual  removal  of  the  dead  tissue.  The  necrosis  here,  as  mentioned 
above,  is  caseous  necrosis. 

3.  The  issues  of  necrosis.— In  many  cases  the  necrosis  limits 
itself  at  once,  the  agent  which  produced  it  having  acted  once  for 
all.     It  only  remains  to  dispose  of  the  dead  structures.     In  other 
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cases  the  limitation  does  not  take  place  so  directly,  and  the  forma- 
tion of  a  line  of  demarcation  is  anxiously  looked  for.  This  is 
frequently  the  case  in  traumatic  necrosis  where  it  may  for  some 
time  be  doubtful  to  what  extent  the  tissues  have  been  injured 
beyond  recovery.  The  co-existence  of  inflammation,  especially  when 
this  is  associated  with  decomposition,  often  renders  the  limitation  of 
the  necrosis  more  difficult.  In  infective  processes  also,  such  as 
tuberculosis,  the  necrosis  follows  the  advance  of  the  lesion.  Again 
in  senile  gangrene  where  the  arteries  are  seriously  obstructed,  the 
starting  point  of  the  necrosis  may  be  a  trivial  injury,  and  its  pro- 
gressive extension  may  go  on  without  any  signs  of  limitation  for  a 
considerable  time. 

In  the  disposal  of  the  dead  tissue  inflammation  plays  a  most  import- 
ant part.  We  have  seen  that  violent  inflammation  is  often  produced 
by  the  same  cause  as  the  necrosis,  or  may  supervene  on  it.  This 
will  mostly  be  the  case  in  external  parts  where  decomposition  occurs. 
The  inflammation  is  characterized  by  hyperemia  and  exudation,  and 
commonly  goes  on  to  suppuration.  A  layer  of  pus  comes  thus  to 
divide  the  dead  tissue  from  the  living,  and  the  dead  is  cast  ofl'  as  a 
slough.    There  remains  a  suppurating  wound  or  ulcer. 

In  internal  parts,  if  the  necrosis  be  accompanied  or  followed  by 
the  production  of  irritating  chemical  substances,  then  a  violent  inflam- 
mation will  be  produced  around.  It  is  so  in  the  case  of  pysemis, 
where  there  is  septic  embolism.  In  this  case  the  inflammation  will 
usually  be  violent  enough  to  produce  suppuration,  and  the  result 
will  be  the  formation  of  an  abscess. 

In  the  case  of  internal  parts  where  there  is  no  disturbing  decom- 
position, or  in  external  parts  which  are  protected  from  septic  con- 
tamination, the  inflammation  is  of  a  much  milder  character.  The 
necrosed  portion  now  comes  to  act  as  a  foreign  body  or  dead  piece 
of  tissue  ;  and  is  subject  to  the  changes  already  described  at  p.  168. 
The  dead  tissue  is  often  eaten  into  and  replaced  by  vascular  granula- 
tions, which  finally  contract  and  leave  a  small  residue  of  connective 
tissue ;  or  the  dead  piece  is  encapsuled  and  may  lie  quiescent.  Not 
infrequently  the  encapsuled  tissue  undergoes  infiltration  with  lime 
salts,  as  we  shall  see  afterwards.  In  the  case  of  necrosis  in  bone  the 
external  capsule  is  frequently  composed  of  new-formed  bone. 

Literature. — Carswell,  Elementary  forms  of  disease,  Art.  Mortification,  1834; 
Viechow,  Handb.  d.  spec.  Path.,  vol.  i. ;  Paget,  Lect.  on  surg.  path.,  p.  340  ;  Cohn- 
heim,  Allg.  Path.,  vol.  i.,  p.  526,  and  Die  embol.  Proc. ;  Becklinghausen,  Allg. 
Path. ;  Litten,  Zeitsch.  f.  klin.  Med.,  vol.  i. ;  Koch,  Traumatic  infective  diseases 
(Syd.  Soc.  transl.) ;  Bukdon  Sanderson,  Path.  Trans.,  xxiii.,  Brit.  Med.  Jour., 
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18Y7 ;  Weigert  (Coagulation-necrosis),  Virch.  Arch.,  lxxix.,  p.  89 ;  Chauveau, 
Nekrobiose  et  Gangrene,  Bullet,  de  l'Acad.  de  Med.,  1873. 

II.  SIMPLE  ATROPHY. 

By  this  term  is  meant  a  simple  diminution  in  the  nutritive  activity 
of  the  structures,  and  a  consequent  diminution  in  size  without  further 
change.  Strictly  speaking,  we  should  distinguish  from  this  a  small- 
ness  due  to  defective  growth,  to  which  the  terms  Hypoplasia  and 
Aplasia  are  applied.  But  atrophy  is  frequently  used  so  as  to  include 
both  conditions. 

Physiological  atrophy. — There  are  certain  normal  processes  of  decay 
which  occur  in  the  body.  At  certain  periods,  for  instance,  the  milk 
teeth  drop  off,  and  this  is  effected  by  an  atrophy  of  the  fang  so  that 
the  crown  is  shed.  At  a  still  earlier  period  the  thymus  gland 
atrophies.  Then  again  throughout  life  there  is  a  continual  shedding 
of  the  hair.  If  a  cast-off  hair  from  the  eyelash  be  examined  under 
the  microscope,  it  will  be  seen  that  its  bulb  is  atrophied,  and  this  is 
the  cause  of  its  being  shed.  In  some  persons  the  hair  of  the  scalp 
is  largely  shed  at  a  comparatively  early  age,  without  being  properly 
reproduced,  there  being  here  an  atrophy  of  the  hair  sheath  and 
papilla.  Then  there  is  the  normal  atrophy  of  the  tissues  generally, 
which  occurs  in  old  age.  The  atrophy  of  old  people  is  in  many 
cases  due  to  some  organic  disease  whose  symptoms  are  not  manifest ; 
but  we  are  all  familiar  with  the  healthy  old  person  with  shrivelled 
hands  and  face  and  plicated  skin. 

In  all  these  cases  there  is  a  kind  of  intention  in  the  tissues,  so  to 
speak,  according  to  which  they  live  a  certain  period  and  then  decay. 
As  Paget  has  pointed  out,  such  atrophies  may  almost  be  regarded 
as  active  processes.  The  fall  of  the  leaf  is  due  to  an  active  absorption 
or  atrophy  of  the  fibres  uniting  it  to  the  stem ;  if  the  leaf  dies  before 
its  time,  or  is  killed,  it  remains  hanging,  but  in  the  natural  course 
it  drops  when  its  time  is  come.  So  with  our  tissues  and  the  whole 
organism,  there  is  a  limit  to  their  activity.  The  period  varies  in 
different  persons,  and  in  this  respect  hereditary  influences  have  an 
important  bearing.  Just  as  these  largely  determine  the  period  of 
growth  of  the  body  and  its  rapidity,  so  do  they  influence  the  duration 
of  activity  of  the  tissues.  This  is  plainly  seen  in  the  case  of  the  hair  ; 
baldness  runs  in  families,  just  as  longevity  does. 

Causation  and  Forms  of  atrophy. — Atrophy  in  many  cases  depends 
on  some  interference  with  the  supply  or  alteration  in  the  quality  of 
the  nutritious  material  supplied  to  the  tissues.  It  is  also  related 
frequently  to  diminution  in  the  function  of  the  parts,  while  in  some 
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cases  it  depends  more  directly  on  interference  with  the  nervous 
arrangements. 

General  emaciation  indicates  that  the  tissues  generally  have  been 
affected  in  such  a  way  as  that  their  nutrition  is  diminished.  This  will 
occur  as  the  result  of  an  alteration  in  the  blood.  The  blood,  being 
the  vehicle  for  the  conveyance  of  nutriment  to  the  tissues,  may  be 
impoverished  because  of  a  direct  interference  with  the  food-supply, 
as  in  starvation,  in  stricture  of  the  oesophagus,  excessive  vomiting, 
diarrhoea,  etc.;  or  there  may  be  an  excessive  consumption  of  the 
nutritious  material,  in  cases  of  excessive  discharges,  as  in  phthisis 
pulmonalis,  or  ulcerating  cancers ;  or  there  may  be,  as  in  fevers,  an 
increased  consumption  of  the  nitrogenous  elements  of  the  tissues. 

In  general  emaciation  the  various  constituents  of  the  tissues  do  not 
atrophy  in  an  equal  degree.  According  to  experiments  by  Chossat, 
in  which  animals  were  deprived  of  food,  the  fat  and  blood  diminished 
most,  next  to  them  came  the  muscles  and  the  abdominal  glands, 
while  the  bones  and  central  nervous  system  diminished  least. 

Senile  atrophy  is  closely  related  to  the  physiological  atrophies 
already  mentioned.  The  atrophy  of  some  tissues  in  old  age  renders 
them  more  liable  to  pathological  processes.  Thus  the  bones,  being 
diminished  in  ^size,  and  having  proportionately  less  animal  matrix, 
are  more  liable  to  fracture ;  and  the  lungs,  having  lost  their  supporting 
tissue,  are  more  liable  to  emphysema  (senile  emphysema).  The  brain 
also  suffers  atrophy  in  old  people,  and  the  kidneys  frequently  do  so. 

Atrophy  from  disuse  manifests  itself  chiefly  in  the  muscles  and 
glands.  When  a  joint  is  disused  from  being  rendered  rigid  by  disease 
or  from  paralysis,  the  muscles  undergo  atrophy,  and  even  the  bones 
diminish  if  the  condition  be  prolonged. 

Atrophy  from  pressure  is  exemplified  in  the  atrophy  which  occurs 
as  a  consequence  of  the  advance  of  tumours  and  aneurysms,  or 
external  pressure  from  stays,  etc.  In  the  last  mentioned  case  the 
liver  frequently  suffers  considerable  atrophy.  Atrophy  is  also  not 
uncommon  in  organs  which  are  the  seat  of  interstitial  inflammation, 
the  new-formed  connective  tissue,  by  its  direct  pressure  on  the  proper 
tissue,  or  by  obstructing  the  blood-vessels,  causing  atrophy. 

Atrophy  from  nervous  lesions. — This  is  a  somewhat  wide  subject 
and  will  be  more  fully  considered  in  the  special  part  of  this  work. 
In  ordinary  motor  paralysis  there  is  atrophy  from  disuse.  But  there 
are  atrophies  of  a  more  active  kind  following  lesions  of  nerves  and 
of  the  spinal  cord  which  are  referred  to  interference  with  the  trophic 
nerves  or  centres.  These  include  atrophy  of  the  nerve-fibres  and  of 
the  muscles.    According  to  Charcot  a  muscle  or  nerve  atrophies  when 
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cut  off  from  its  trophic  centre,  and  this  may  be  effected  by  inter- 
ruption of  the  conductivity  of  nerve-fibres,  or  by  destruction  of  the 
centre.    The  atrophy  of  the  muscles  in  lead-palsy  belongs  to  this  class. 

Hemiatrophy  of  the  face  belongs  to  the  class  of  neurotic  atrophies. 
It  affects  the  soft  parts  of  the  one  half  of  the  face  and  of  the  tongue, 
while  the  bones  are  not  affected  unless  the  disease  has  occurred  in 
early  life,  and  even  then  the  bones  are  unequally  affected.  The 
lesion  is  probably  due  to  interference  with  the  nerves,  perhaps  in 
their  passage  through  the  cranium  or  at  their  ganglia.  A  hemi- 
atrophy of  the  body  sometimes  occurs  from  cerebral  lesions  in  the 
foetus  or  young  child.  This  may  be  in  the  form  of  a  crossed  hemi- 
atrophy, the  face  and  extremities  being  affected  on  opposite  sides. 

In  the  various  forms  of  atrophy,  with  the  exception  of  general 
emaciation,  the  proper  functionating  tissue  is  that  which  chiefly  suffers 
diminution.  Thus  in  muscles  it  is  the  contractile  substance,  in  glands 
the  secreting  cells,  in  nerves  the  nerve-fibres,  which  are  specially 
effected.  The  atrophy  of  the  proper  tissue  is  often  accompanied  by 
new-formation  in  the  accessory  structures.  Thus,  atrophy  of  muscle 
is  often  associated  with  increase  of  the  interstitial  connective  tissue. 
This  connective  tissue  frequently  becomes  the  seat  of  fatty  infiltration, 
so  that  adipose  tissue  largely  replaces  the  muscle,  bringing  about  a 
pseudo-hypertrophy.  (See  under  Hypertrophy  and  Fatty  Infiltration.) 
A  similar  process  frequently  occurs  in  and  around  disused  glands. 

Literature. — Paget,  Surgical  Path.,  3rd  ed.,  p.  69 ;  Eecklinghausen  (Neurotic 
atrophy),  Allg.  Path.,  p.  326;  Charcot,  Senile  diseases  (Syd.  Soc.  trans.),  1877,  Dis. 
of  nerv.  syst.  (Syd.  Soc.  trans.),  1881 ;  Chossat,  Eech.  exp.  sur  l'inanition,  1843. 

III.  —ALBUMINOUS  INFILTRATION— CLOUDY  SWELLING. 

The  condition  designated  by  these  terms  was  first  described  by 
Virchow,  and  regarded  by  him  as  characteristic  of  Parenchymatous 
inflammation.  The  term  Parenchymatous  degeneration  has  a  similar 
signification. 

It  is  possible  to  distinguish  a  local  from  a  general  cloudy  swelling. 
The  local  form  occurs  in  parenchymatous  inflammation,  more  especi- 
-ally  of  the  kidneys,  and  is  sometimes  the  most  pronounced  evidence 
obtainable  post  mortem  of  the  existence  of  that  condition.  The 
general  form  occurs  in  most  febrile  diseases  and  is  very  characteristic 
of  some.  It  is  met  with  in  the  specific  fevers,  in  erysipelas,  diph- 
theria, acute  phthisis  pulmonalis,  etc.,  and  seems  to  be  related  in 
these  cases  to  the  high  temperature  and  the  altered  state  of  the 
blood.  It  also  occurs  as  one  of  the  results  of  acute  poisoning  with 
phosphorus,  arsenic,  mineral  acids.    In  the  general  form  the  lesion 
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is  diffused  through  various  organs,  but  affects  especially  the  liver, 
kidneys,  heart,  and  voluntary  muscles. 

In  these  various  cases  the  condition  seems  to  be  due  to  an  irrita- 
tion of  the  cells,  which  are  induced  to  absorb  more  albumen  than 
they  can  assimilate.  The  cells 
with  albuminous  granules  (see 
Fig.  58),  which  obscure  the 
nuclei.  The  condition  implies  a 
qualitative  defect  in  the  cells, 
although  quantitatively  there  is 
excess.  The  defect  is  further 
shown  by  the  co-existence  of  a 
minor  degree  of  fatty  degenera- 
tion. (See  Fig.  58.)  The  fine 
fat  granules  may  be  obscured 
by  the  albuminous  granules,  but 
if  the  albumen  be  dissolved  by 
adding  liquor  potassse,  or  a 
dilute  mineral  acid,  the  fat 
comes  out  very  prominently. 

The  organs  affected  have,  to 
the  naked  eye,  a  characteristic 
appearance.  They  are  enlarged,  sometimes  to  a  high  degree,  and 
have,  on  section,  a  bulky  appearance,  while  the  tissue  has  a  grey, 
opaque,  dull  character.  In  acute  fevers  the  enlargement  of  liver  and 
kidneys  is  sometimes  very  great. 

Literature. — Virchow,  Cellular  Pathology,  transl.  by  Chance,  also  various  papers 
in  his  Archiv. 


Fig.  58.— Cloudy  swelling  of  renal  epithelium 
with  slight  fatty  degeneration.  A  portion  of  a 
tubule  is  shown,  and  some  isolated  cells.  From  a 
case  of  acute  phthisis  pulmonalis.    x  350. 


IV.  — FATTY  DEGENERATION. 

In  this  condition,  which  affects  the  cells  of  tissues,  we  have  a 
change  in  the  chemical  composition  of  the  cell-contents  ;  the  albu- 
minous constituents  split  up  and  yield  fat. 

Causation. — Fat  may  be  formed  in  the  animal  body  either  from 
the  carbo-hydrates  or  albuminous  substances  of  the  food.  In  the 
case  of  fatty  degeneration  the  fat  is  derived  from  the  albuminous 
constituents  of  the  tissues.  This  implies  that  these  constituents 
break  up,  yielding  their  nitrogen  in  some  lower  form  of  combination 
which  is  usually  carried  off,  and  leaving  the  fat  in  the  tissue.  In 
accordance  with  this  we  find  that,  where  general  and  extensive  fatty 
degeneration  occurs,  there  is  simultaneously  an  excess  of  urea  or 
other  extractives  in  the  urine.     The  splitting  up  of  the  albuminous 
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constituents  of  cells  implies  a  most  serious  alteration  in  their  chemical 
constitution.  In  all  such  cases,  therefore,  it  is  to  be  inferred  that 
the  vitality  of  the  cells  is  greatly  reduced,  and  in  some  cases  the 
condition  approaches  to,  or  is  associated  with,  necrosis. 

The  proof  that  fat  may  be  formed  from  carbo-hydrates  lies  in  the  fact  that 
bees  produce  wax  when  fed  on  honey  alone,  this  being  a  solution  of  sugar 
(Gundlach).  The  formation  of  fat  from  nitrogenous  substances  is  proved  by 
various  facts.  Thus  the  tissues  of  the  body,  including  the  nitrogenous  con- 
stituents, are  sometimes  changed  after  death  into  Adipocere,  a  peculiar  waxy 
substance,  composed  of  fatty  acids  combined  with  ammonia  and  lime  instead 
of  glycerine,  and  therefore  more  strictly  a  soap  than  a  fat.  This  substance  is 
occasionally  found  in  graves,  and  it  has  been  produced  by  leaving  the  dead 
body  in  running  water  for  a  time.  Again,  it  has  been  shown  that,  in  lactating 
animals  fed  with  animal  food  carefully  deprived  of  fat,  the  milk  is  even  more 
abundant  and  rich  in  fat  than  in  animals  fed  on  diet  containing  much  fat. 
Fresh  milk  becomes  richer  in  fat  and  poorer  in  caseine  (which  is  nitrogenous) 
during  the  first  day  after  its  withdrawal  from  the  mammae  (Hoppe-Seyler). 

The  most  conclusive  proof  that  albuminous  tissues  yield  fat  is  afforded  by 
the  effects  of  poisoning  by  phosphorus.  When  a  dog  has  been  deprived  of  food 
till  all  its  spare  fat  has  been  exhausted  and  the  nitrogen  in  the  urine  has 
reached  a  constant  minimum  of  8  grammes  in  the  twenty-four  hours,  the 
administration  of  small  doses  of  phosphorus  causes  a  marked  increase  of  the 
nitrogen,  which  may  reach  nearly  24  grammes.  This  is  coincident  with  a 
very  large  increase  of  fat  in  the  tissues  of  many  internal  organs. 

The  causes  of  fatty  degeneration  may  be  divided  into  those  which, 
depending  on  some  morbid  condition  of  the  blood,  act  on  many 
organs,  and  those  which  have  simply  a  local  influence.  So  we  may 
speak  of  a  general  and  a  local  fatty  degeneration. 

General  fatty  degeneration  is  produced  by  certain  poisons,  pre- 
eminently by  phosphorus,  but  also  by  arsenic,  antimony,  iodoform, 
chloroform,  and  others.  It  occurs  also  in  some  general  diseases  in 
which  the  blood  is  greatly  altered,  in  acute  yellow  atrophy  of  the 
liver,  in  some  fevers,  in  pernicious  anaemia,  and  in  some  other  forms 
of  anaemia.  It  has  been  produced  artificially  by  confining  animals 
in  an  over-heated  space  for  thirty-six  hours  (Cohnheim).  In  these 
cases  the  altered  blood  has  acted  on  the  cells  of  the  tissues  and 
caused  them  to  alter  their  chemical  constitution.  The  change  occurs 
mostly  in  the  parenchyma  of  organs,  as  in  the  hepatic  cells,  the 
renal  epithelium,  and  striated  muscular  tissue,  especially  that  of  the 
heart,  but  it  is  also  seen  in  some  cases  in  other  structures,  such  as 
the  intima  of  arteries. 

Local  fatty  degeneration  is  frequently  the  result  of  deprivation 
of  blood,  as  where  an  artery  is  occluded.  In  the  brain,  occlusion 
of  arteries  is  followed  by  softening  of  the  cerebral  tissue,  a  species 
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of  necrosis,  but  this  is  associated  with  the  appearance  of  cells  filled 
with  finely-divided  fat  (the  so-called  compound  granular  corpuscles  of 
G-luge).  It  is  true  that  the  fat  here  may  be  partly  derived  from 
the  myelin  of  the  nerve-fibres,  but  these  corpuscles  are  present  in 
the  grey  substance  where  there  is  no  myelin,  and  fat  is  also  visible 
in  the  walls  of  the  blood-vessels  (as  in  Fig.  59).    Inflammation  is  a 


Fig.  59. — Fatty  degeneration  in  the  cerebral  vessels  in  softening  of  the  brain.  (Paget.) 


frequent  cause  of  local  fatty  degeneration,  especially  in  certain  paren- 
chymatous organs,  where  the  cloudy  swelling  often  goes  on  to  fatty 
degeneration.  (See  Fig.  58.)  In  quickly  growing  tumours,  and  even 
in  slowly  advancing  cancers,  the  cells  frequently  undergo  fatty 
degeneration.  Lastly,  nerve-fibres  which  have  been  divided  show 
not  only  atrophy,  but  also  a  fatty  degeneration. 

Some  authors  have  endeavoured  to  account  for  fatty  degeneration  on  the 
supposition  that  it  is  due  to  a  deficiency  of  oxygen.  It  is  said  that  in  general 
fatty  degeneration  the  blood  is  deficient  in  oxygen,  and  in  the  local  form  the 
tissues  are  deprived  of  oxygen.  In  the  former  case,  however,  there  is  usually 
an  obvious  alteration  of  the  blood  apart  from  simple  anaemia,  while  in  many 
local  fatty  degenerations  there  is  no  deprivation  of  oxygen,  as  in  inflammations, 
in  tumours,  and  after  section  of  nerves. 

Characters  of  the  lesion. — The  degeneration  occurs  mainly  in  the 
cells  of  the  tissues.  The  fat,  arising  as  it  does  by  the  chemical 
decomposition  of  the  protoplasm  of  the  cell,  appears  in  the  form  of 
fine  drops  or  granules,  which  are  strongly  refracting.  (See  Figs.  59, 
60,  61.)  These  granules  are  separated  from  each  other  by  the 
remains  of  the  cell  contents  and  are  therefore  isolated.  It  may 
happen  in  this  way  that,  as  in  Fig.  60,  a  fatty  degeneration  occur- 
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ring  in  a  structure  may  render  its  constituent  cells  unusually  distinct, 
their  form  being  brought  prominently  out  by  the  fat  in  them.  As 
time  goes  on,  the  fat  granules  increase  till  the  whole  cell  is  filled 
with  fine  refracting  oil  drops,  which  remain  isolated  (see  Fig.  61), 


being  each  surrounded  by  an  albuminous  envelope.  The  process  is, 
in  fact,  very  much  like  what  occurs  in  the  cells  of  the  mammary 
gland  in  the  secretion  of  milk,  the  colostrum  cells  being  like  the  fully 
degenerated  cells,  which  are  often  described  as  compound  granular 
corpuscles. 

When  finely-divided  fat  suspended  in  fluid  is  present  in  the 
living  tissues,  it  is  very  readily  absorbed.  We  know  how  readily 
the  emulsionized  fat  in  the  alimentary  canal  is  taken  up  by  the 
epithelium,  and  passed  on  into  the  lacteals.  When  milk  is  injected 
into  the  abdominal  cavity  of  a  living  animal,  or  even  laid  on  the 
surface  of  the  diaphragm  after  death,  it  very  quickly  passes  into  the 
lymphatics.  In  the  case  of  fatty  degeneration  of  cells,  if  fluid  be 
present,  the  cells  disintegrate,  an  emulsion  is  formed,  and  absorption 
occurs  just  as  in  the  case  of  milk. 

But  sometimes-  the  fatty  degeneration  occurs  in  connection  with 
structures  not  adapted  to  absorption,  as  in  a  hydrocele,  where  the 
tendency  is  rather  to  transudation,  or  in  an  ovarian  tumour.  In  that 
case,  the  fat  undergoes  further  changes,  resulting  usually  in  the 
production  of  crystals  of  cholestearine  (Fig.  62)  or  margarine. 

Cholestearine,  which  is  an  alcohol,  .occurs  as  a  normal  constituent  of  the  central 
nervous  tissue  and  bile,  in  which  latter  it  is  dissolved.  Its  crystals  are  rhombic 
tables  whose  angles  measure  79°  30'  and  100°  70'.  On  adding  strong  sulphuric 
acid  to  a  crystal  of  cholestearine,  letting  it  gradually  run  in  and  act  on  it,  the 
crystal  appears  to  melt  from  the  edge  inwards,  and  take  on  a  fatty  appearance, 


Fig.  61.— Fatty  degeneration  of  cells  in  a 
cancer  of  the  mamma ;  a,  slightly  affected ; 
b,  more  so;  c,  completely  fatty— the  com- 
pound granular  corpuscle.    X  350. 


a 


Fig.  60.— Fatty  degeneration  in  an  athero- 
matous aorta.  The  shapes  of  the  cells  brought 
out  by  the  fat ;  a,  from  internal  coat ;  b,  muscle 
cells  from  middle  coat.     X  350. 
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and  by  and  by  it  gathers  into  a  brown  drop.  On  adding  iodine  and  sulphuric 
acid  to  a  crystal,  there  is  at  first  a  beautiful  display  of  colours.  Margarine 
occurs  in  the  form  of  radiating  needles  such  as  one  sees  frequently  inside  the  fat 
cells  in  adipose  tissue. 


Fig.  62. — Crystals  of  cholestearine ;  a,  large  ones  from  an  old  hydrocele;  b,  from 
stagnant  bile  in  gall  bladder,    x  350. 


Local  fatty  degeneration  is  not  infrequently  followed  by  Calcareous 
infiltration,  where,  from  deficiency  of  fluid  or  otherwise,  the  fat  is 
not  absorbed. 

We  have  already  seen  that  in  Caseation  fatty  degeneration  is  asso- 
ciated with  necrosis. 

V.— FATTY  INFILTRATION. 

By  this  term  is  meant  the  infiltration  of  free  fat  into  the  tissues. 
This  condition  is  only  in  a  restricted  sense  pathological,  especially 
when  it  is  general.  It  is  necessary  to  distinguish  fatty  infiltration 
of  the  liver  from  other  forms. 

1.  Fatty  infiltration  in  connective  tissue. — Adipose  tissue  is  a  form 
of  connective  tissue,  and  is,  to  a  considerable  extent,  interchangeable 
with  loose  connective  tissue.  Adipose  tissue  is  formed  by  the  infiltra- 
tion of  fat  into  the  connective  tissue  cells,  and  at  different  times  it 
may  be  variously  abundant. 

In  Obesity  an  excess  of  fat  is  present  in  the  body,  and  the  fat  is  laid 
down  in  store  chiefly  in  the  subcutaneous  connective  tissue  and  the 
omentum,  but  also  in  other  situations  where  loose  connective  tissue 
is  present. 
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Around  or  in  disused  or  atrophied  organs  it  is  common  to  find 
a  fatty  infiltration.  A  most  typical  example  of  this  is  afforded  by 
muscles  which  have  become  fixed  at  their  ends  by  stiffening  of 
joints.  The  muscle  can  no  longer  produce  any  movement,  and  its 
fibres  gradually  atrophy  as  we  have  already  seen.  At  the  same 
time,  in  the  connective  tissue  around  the  muscle  and  in  that  which 
supports  it,  there  is  a  great  infiltration  of  fat,  so  that  adipose  tissue 
appears  between  and  around  the  fibres.    (See  Fig.  63.)    Then,  again, 


Fig.  63. — Fatty  infiltration  of  muscle  from  a  case  of  stiffening  of  the  ankle  by  an 
epithelioma  of  the  skin  over  it.  The  muscular  fibres  are  narrowed,  and  adipose  tissue 
appears  between  them,     x  80. 

in  pseuclo-hypertrophic  paralysis — a  disease  chiefly  of  children — there 
is  a  similar  process.  The  muscular  tissue  atrophies,  but  there  is  at 
the  same  time  an  excessive  transformation  of  the  connective  tissue 
into  adipose  tissue,  so  that  the  wasting  of  the  muscle  is  more  than 
counterbalanced  by  the  excess  of  adipose  tissue,  and  there  is  thus  a 
pseudo-hypertrophy. 

A  similar  fatty  infiltration  occurs  in  the  heart  and  may  seriously 
incommode  it  in  its  action  (see  further  on). 

It  is  difficult  to  account  for  this  local  deposition  of  fat  in  connection 
with  muscle.  It  may  be  that  as,  normally,  fat  is  largely  oxidized 
in  muscle,  or  largely  produced  there  in  connection  with  the  active 
process  of  contraction,  when  the  demand  is  gone  it  is  laid  down  by 
the  vessels  in  the  neighbouring  connective  tissue. 

Fat  is  often  deposited  in  excessive  quantity  around  diseased  and 
useless  glands,  such  as  the  kidney,  pancreas,  etc.  In  the  contracted 
kidney  of  chronic  nephritis  there  is  often  an  excess  of  fat  at  the 
hilus,  which  may  make  the  kidney  appear  much  less  reduced  in  bulk 
than  it  really  is.  In  hydronephrosis  there  is  often  an  enormous  in- 
crease of  the  fat  which  normally  surrounds  the  kidney.  This  is  also 
difficult  to  account  for. 
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2.  Fatty  infiltration  of  the  liver,  which  we  meet  with  very  fre- 
quently, is  also  difficult  to  explain.  Fat  is  often  found  in  large 
quantities  in  the  liver  in  cases  where,  in  the  subcutaneous  tissue  or 
elsewhere,  there  is  an  actual  deficiency  of  it.  The  fat  in  the  liver 
is  in  the  peripheral  parts  of  the  lobules,  and  from  this  it  is  to  be 
inferred  that  it  has  been  brought  by  the  portal  blood.  This  fatty 
infiltration  occurs  most  frequently  in  phthisis  pulmonalis. 

Its  accumulation  under  these  circumstances  may,  in  part,  be  accounted  for  by 
supposing  that  the  fat  which  is  normally  used  for  the  formation  of  the  fatty 
acids  and  the  cholestearine  of  the  bile  is  not  so  used,  and  is  therefore  stored  in 
the  hepatic  cells.  It  is  known  that  the  secretion  of  bile  is  greatly  diminished 
in  such  cases,  and  that  the  bile  is  watery.  In  that  case  the  fatty  infiltration 
here  would,  like  that  in  muscle,  be  due  to  diminished  activity  of  the  organ. 
Another  view,  and  one  having  some  appearance  of  probability,  is  based  on  the 
theory  that  one  of  the  functions  of  the  liver  is  to  prepare  fat  for  oxidation. 
Naumann  (Eeichert  and  Du  Bois  Keymond's  Archiv,  1871,  p.  41)  has  shown 
that  the  liver  fat  is  much  more  oxidizable  than  ordinary  fat,  and  that  in  the 
vertebrata  the  size  of  the  liver  is  in  inverse  proportion  to  the  activity  of  the 
respiration,  being  largest  in  fishes  and  smallest  in  birds.  It  is  therefore  suggested 
that  in  phthisis  and  cachectic  diseases  the  liver  may  produce  an  excess  of  easily 
oxidizable  fat  and  store  it  up  ready  for  use.  Hence,  perhaps,  the  utility  of 
liver  oils  in  cases  of  phthisis. 

We  have  seen  that  in  fatty  degeneration  the  fat  appears  in  the 
form  of  fine  granules  or  drops,  and  that  as  these  increase  they  remain 
isolated.  In  fatty  infiltration  there  are,  of  course,  first  fine  fat  drops, 
but  as  more  fat  is  added  the  drops 
grow  in  size.  In  the  case  of  the 
conversion  of  connective  tissue  into 
adipose  tissue,  there  is  a  single  fat 
drop  in  each  cell,  as  in  Fig.  63. 
In  the  case  of  fatty  liver  the  fat 
drops  are  of  various  sizes  (see  Fig. 
64),  but,  as  a  rule,  much  larger 

than  in  fatty  degeneration.     The  isolated  hepatic  ceils  with  drops  of  fat  of 

various  sizes,     x  350. 

size  is  by  no  means  an  absolute 

criterion,  but  it  is  an  important  practical  indication.  It  is  only  in 
the  liver  that  there  can  be  much  difficulty  in  distinguishing  between 
fatty  degeneration  and  fatty  infiltration,  and  here  the  fact  that  in 
^the  latter  the  fat  is  deposited  at  first  in  the  cells  at  the  peripheral 
parts  of  the  lobules,  and  always  continues  more  abundant  there,  is 
sufficiently  distinctive.  There  is  one  exception  to  this  in  the  case  of 
the  fatty  liver  of  alcoholism.  Here  a  fatty  infiltration  occurs  which 
is  diffused  throughout  the  lobules. 


Fig.   64.— Fatty  infiltration  of  the  liver. 
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VI.  —PATHOLOGICAL  PIGMENTATION. 

The  pathological  •  variations  in  colour  in  the  tissues  come  under  a 
considerable  number  of  different  categories. 

The  endeavour  has  been  frequently  made  to  refer  all  pigments  found  in  the  body 
to  the  blood-pigment,  but  this  relation  has  been  definitely  disproved  for  some 
(as  in  the  case  of  pigments  introduced  from  without),  and  rendered  doubtful  in 
others.  The  normal  pigments  in  the  body,  those  of  the  blood-corpuscles,  of  the 
skin,  eyeball,  etc.,  arise  in  cells  and  are  formed  by  the  cells  elaborating  them  from 
the  nutrient  material  afforded  them.  It  is  an  assumption  to  suppose  that  the 
pigment  of  the  skin  is  derived  from  the  blood-pigment  and  not  elaborated  by  the 
cells. 

1.  Alterations  of  physiological  pigmentation. — The  pigment  of  the 
skin  varies  much  in  different  persons  within  physiological  limits. 
There  is  an  absence  of  pigment  from  congenital  defect  (albinism),- 
and  a  congenital  excess  (negrism).  The  pigment  also  varies  in  the 
same  person  at  different  times  ;  it  is  often  increased  by  exposure  to 
the  sun,  by  pregnancy  (chloasma),  etc.  A  peculiar  form  of  pigmenta- 
tion is  that  in  Addison's  disease,  in  which  certain  parts  of  the  skin 
assume  a  bronzed  colour.  The  excess  of  pigment  here  is  not  only  in 
the  rete  Malpighii  but  in  the  papillae  of  the  cutis  and  around  the 
veins.  This  disease  is  associated  with  tuberculosis  of  the  suprarenal 
capsules,  but  the  connection  is  not  very  clear. 

It  is  usually  supposed  that  the  suprarenal  capsules  contain  nerve  centres,  and 
that  the  bronzing  is  due  to  nervous  derangements,  but  some  assert  that  pigment  is 
produced  in  excess  in  the  capsules  and  deposited  in  the  skin.    (See  further  on.) 

2.  Pigmentation  by  haemoglobin  and  its  derivatives. — The  pig- 
ment of  the  red  corpuscles  of  the  blood,  the  haemoglobin,  is  an  unstable 
substance,  and  rapidly  passes  into  other  forms.  Haemoglobin  contains 
iron,  but  the  latter  is  so  intimately  combined  that  it  does  not  give 
the  usual  reactions  of  iron,  such  as  that  with  ferrocyanide  of  potassium 
and  hydrochloric  acid,  unless  the  haemoglobin  be  first  decomposed. 
The  haemoglobin  next  yields  a  pigment  in  which  the  iron  is  loosened 
from  its  combination,  and  is  detectable  as  iron.  This  substance  has 
been  called,  by  Neumann,  haemosiderin.  The  next  stage  is  that  the 
pigment  loses  its  iron,  and,  still  retaining  its  red  colour,  is  transformed 
into  haematoidin,  which  does  not  contain  iron.  This  substance  occurs 
in  granules,  but  also  in  the  characteristic  crystalline  form  shown  in 
Figs.  33  and  41.  Haematoidin  is  identical  with  the  biliary  pigment 
bilirubin  in  its  composition  and  in  the  form  of  its  crystals,  as  shown 
in  Fig  65.  Haemin,  which  is  procurable  artificially  from  blood,  has 
crystals  presenting  similar  angles  (Fig.  66). 
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Fig.  65. — Crystals  of  bilirubin  from  a  hepatic 
abscess.     X  450. 


In  haemorrhages  the  tissues  around  usually  become  stained,  and 
the  pigmentation,  with  various  alterations,  may  remain  for  years. 
There  are  two  different  ways  in  which  the  pigmentation  may  occur. 
In  the  first  case  the  haemoglobin 
gets  dissolved  out  of  the  red  cor- 
puscles, and  the  coloured  solution 
stains  the  tissues  around.  The 
dissolved  pigment  may  be  trans- 
formed into  hemosiderin,  and 
the  ferrocyanide  test  will  give 
a  general  blue  staining.  The 
pigment  is  then  liable -to  be  col- 
lected in  cells,  where  it  may 
assume  a  granular  form.  The 
hemosiderin  then  passes  into 
hematoidin,  or  there  may  even 
be  a  more  direct  transformation 
into  haematoidin,  which  again  is 
a  much   more  stable  product. 

The  hamiatoidin  occurs  either  as  granules  or  crystals. 

The  other  mode  of  pigmentation  in  haemorrhage  is  that  the  red 
corpuscles  are  taken  up  by  amoeboid  cells  and  their  pigment  undergoes 
transformation  inside  the  cells.  The  effused  blood  acting  as  an  irritant 
induces  inflammation  around, 
and  the  usual  amoeboid  cells, 
acting  as  phagocytes,  take 
up  the  red  corpuscles.  (See 
Fig.  67.)  Many  of  these  cells 
pass  off  by  the  lymphatics, 
but  some  may  remain  perman- 
ently in  the  part.  The  red 
corpuscles  inside  the  cells 
shrink,  and  their  pigment  goes 
through  the  transformation 
into  hemosiderin  and  haema- 
toidin. 

In  some  chronic  inflamma- 
tions there  is  a  pigmentation 
which  presumably  arises  in  a 
similar  way  to  that  described  above,  the  haemorrhage  being  by  dia- 
pedesis.  This  pigmentation  is  met  with  chiefly  in  the  skin  and  the 
intestine.     There  is  a  similar  pigmentation  in  passive  hyperemia, 


Fig.  66. — Crystals  of  hsemin  prepared  artificially  by 
adding  glacial  acetic  acid  to  a  drop  of  blood,  heating 
and  evaporating  to  dryness.    X  350. 
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due  to  hemorrhage  by  diapedesis.  This  is  seen  in  the  lungs  where 
we  have  the  condition  of  brown  induration,  and  in  the  liver  where 

passive  hyperemia  is  usually  associated 
with  pigmentation  of  the  hepatic  cells. 

Melanaemia  is  a  name  given  to  cases 
in  which  free  pigment  is  present  in  the 
blood,  being  the  result  of  the  destruc- 
tion of  the  red  corpuscles  by  the  para- 
sites of  malarial  fevers.  The  pigment 
is  in  the  form  of  granules  and  flakes, 
and  being  deposited  in  certain  organs 
Fig.  67.-ceiis  containing  blood-corpus-  leads  to  a  coloration  of  them.  (See 

cles  from  the  neighbourhood  of  a  hsemor-  „  or\  \ 
rhage  :  a,  with  fresh  corpuscles  ;  6,  with  1  0,-W 

^J^lesfromdisiat^tio^^     3-  Icterus  or  Jaundice  is  a  condition 

in  which  the  blood  contains  a  yellow 
pigment  which  stains  the  tissues  of  the  body  generally.  The  pig- 
ment is  usually  that  of  bile,  namely,  bilirubin.  This  substance  is 
elaborated  by  the  hepatic  cells  and  secreted  as  a  constituent  of 
the  bile.  When  the  exit  of  the  bile  is  hindered  by  obstruction  of 
the  ducts  the  pigment  is  re-absorbed  and  passes  into  the  blood. 
Icterus  which  is  thus  due  to  the  bile  pigment  is  called  Hepatogen- 
ous, that  is,  derived  from  the  liver. 

We  have  already  seen  that  hematoidin  is  of  similar  constitution 
to  bilirubin,  and  we  may  presumably  have  icterus  from  the  forma- 
tion of  this  pigment  in  the  blood  by  destruction  of  the  red  corpuscles 
independently  of  the  bile.  This  form  of  icterus  is  called  Hemato- 
genous. The  exact  domain  of  this  form  is  not  determined.  The 
icterus  of  some  acute  diseases  such  as  pyemia  and  typhus  fever  is 
hematogenous.  More  doubtful  is  the  Icterus  neonatorum.  This 
form  of  jaundice  occurs  in  a  large  number  of  new-born  children,  and 
is  usually  regarded  as  due  to  a  destruction  of  red  corpuscles,  occur- 
ring in  consequence  of  the  changes  in  the  circulation  at  birth. 

It  is  asserted  by  Birch-Hirschfeld  that  this  icterus  is  hepatogenous.  He  says 
that  the  sudden  change  in  the  circulation  at  birth  causes  oedema  of  the  interstitial 
connective  tissue  of  the  liver,  and  that  this  produces  obstruction  of  the  duets. 
Cohnheim  agrees  with  Birch-Hirschfeld  that  the  icterus  is  probably  hepatogenous 
but  does  not  see  sufficient  evidence  of  oedema.  He  suggests  that  as  there  is  at 
birth  a  sudden  increase  in  the  secretion  of  bile,  the  ducts  may  take  some  time 
to  accommodate  themselves.  Recklinghausen  believes  the  icterus  to  be  hema- 
togenous on  the  apparently  sufficient  ground  that  the  fasces  are  coloured  with 
bile  and  that  therefore  the  bile  ducts  are  not  obstructed. 

A  peculiar  feature  in  icterus  neonatorum  is  the  occurrence  of  Crystals  of 
hasmatoidin  or  bilirubin  in  the  kidneys,  and  also  in  the  tissues  and  blood.  That 


PIGMENTATION. 


185 


is  to  say  the  pigment  not  only  stains  the  tissues  but  is  deposited  in  the  crystalline 
form.  It  is  probable,  however,  that  this  crystallization  is  a  post-mortem  phenom- 
enon. Hasmatoidin  crystals  may  be  found  even  where  there  is  not  enough  pigment 
present  to  produce  jaundice. 

4.  Pigmentation  in  tumours. — In  certain  cancers  and  sarcomas  a 
brown  pigment  is  present  in  the  cells  of  the  tumours,  giving  to  the 
tissue  a  brown  or  black  colour.  The  pigment  here  has  the  chemical 
characters  rather  of  melanin  than  of  blood-pigments  and  is  presum- 
ably elaborated  by  the  cells.  These  tumours  mostly  take  origin  in 
structures  where  pigment  cells  normally  exist,  as  in  the  choroid  of 
the  eye,  the  superficial  layers  of  the  cutis,  the  pia  mater  (Virchow), 
and  the  conjunctiva  of  the  eye,  where  it  passes  into  the  cornea. 
Such  tumours  also  originate  in  pigmented  nsevi,  in  the  rete  Malpighii, 
and  in  the  cornea  (especially  in  horses).  In  some  of  these  cases  the 
melanin  passes  into  the  urine,  where  it  may  deeply  colour  that 
secretion  (Tennent  and  Coats). 

5.  Pigmentation  from  without. — Pigmented  substances  introduced 
may  lodge  in  the  tissues  and  even  permanently  colour  them.  Salts 
of  silver,  when  long  administered,  or  when  taken  in  excess  in  one 
dose,  may  cause  a  bluish  staining  of  the  skin — Argyria.  The  oxide 
of  silver  is  deposited  also  in  the  tissues  of  internal  organs. 

The  Dust  of  the  air  which  is  inhaled,  passes  to  some  extent  into 
the  substance  of  the  lungs,  and  gives  a  dark  colour  to  them.  (See 
under  Lung  Diseases.)  Workers  whose  trades  expose  them  to 
variously  coloured  dust,  present  similar  pigmentations  of  the  lungs. 
Tattooing'  is  an  operation  by  which  granular  pigments  are  introduced, 
and  lodge  in  the  skin  and  lymphatic  glands. 

6.  Pigmentary  Atrophy. — When  coloured  tissues  atrophy  there  is 
usually  a  concentration  of  their  pigment.  Thus  we  have  a  brown 
atrophy  of  muscle,  especially  of  the  heart,  and  a  deepened  coloration 
of  the  fat  in  emaciated  persons  and  in  old  age. 

Literature. — Virchow,  Virch.  Archiv,  vols.  L,  ii.,  iv.,  vi.,  Gesehwiilste,  vol.  ii. ; 
Adbison,  Dis.  of  suprarenal  capsules,  1855  ;  Langhans,  Virch.  Arch.,  vol.  xlix.  ; 
Neumann,  Virch.  Arch.,  vol.  cxi.,  1888;  Dubck,  ibid.,  vol.  cxxx.,  1892;  Rind- 
fleisch,  Path.  Histology ;  Kehrer,  Stud.  iib.  Ikterus  neonatorum ;  Bibch- 
Hibschfeld,  Virch.  Arch.,  vol.  lxxxvii. ;  Cohnheim,  Allg.  Path.,  vol.  ii.,  p.  75; 
Recklinghausen,  Allg.  Path.,  p.  437;  Gussenbauer,  Virch.  Arch.,  vol.  lxiii. ; 
Kunkel,  Virch.  Arch.,  vol.  lxxxi. ;  Rindfleisch  and  Habbis,  Virch.  Arch.,  vol. 
ciii. ;  Tennent  and  Coats,  Glasg.  Med.  Jour.,  xxiv.,  1885. 

VII.— AMYLOID  DEGENERATION. 

This  name  is  applied  to  a  condition  in  which  the  constituents  of 
the  tissues  are  converted  into  a  substance  whose  chemical  characters 
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are  different  from  those  of  any  normal  principle  in  the  body.  The 
degeneration  is  also  called  waxy  and  lardaceous  from  the  physical 
characters  of  the  substance  produced.  This  may  be  called  for 
convenience  amyloid  substance,  and,  as  the  name  suggests,  was 
originally  supposed  to  be  allied  to  starch.  It  has  really  no  chemical 
relation  to  starch,  being  a  nitrogenous  substance  and  a  modified  form 
of  albumen.  It  resembles  starch,  however,  in  respect  that  it  gives 
a  colour  reaction  with  iodine. 

The  presence  of  amyloid  substance  is  determined  by  its  physical  characters 
and  by  certain  colour  tests.  The  earliest  known  of  these  latter  is  the  reaction 
with  iodine.  The  iodine  reaction  is  useful  for  roughly  testing  macroscopically 
at  the  time  of  the  post-mortem.  For  this  purpose  a  watery  solution,  consisting 
of  iodine  10  grains,  iodide  of  potassium  20  grains,  and  water  4  ounces,  is  poured 
on  the  surface  of  the  structure  to  be  tested.  A  mahogany-red  colour  indicates 
the  presence  of  amyloid  matter.  The  further  addition  of  dilute  sulphuric  acid 
sometimes  produces  a  deeper  red  or  a  bluish  colour. 

For  microscopic  purposes  watery  solutions  of  methylviolet  or  gentianviolet  as 
introduced  by  Cornil  are  most  suitable.  These  dyes  produce  a  rose-pink  colour 
with  the  amyloid  substance,  while  normal  tissues  are  stained  blue.  In  testing 
by  iodine  microscopically  a  solution  half  the  strength  of  that  mentioned  above 
is  to  be  used. 

The  substance  itself  has  a  peculiar  bright  translucent  glancing  ap- 
pearance (see  Fig.  68), 
and,  as  the  structures 
in  which  it  occurs  are 
enlarged,  they  are  often 
remarkably  prominent 
under  the  microscope. 
It  is  a  very  dense  heavy 
material,  and  after 
death,  at  least,  is  some- 
what brittle,  but  the 
usual  absence  of  haemor- 
rhage in  amyloid  organs 
would  seem  to  indicate 
that  it  is  not  so  during 
life. 

Causation. — Looking 
to  the  history  of  the 
cases  in  which  amyloid 
degeneration  occurs  it 
is  clear  that  it  is  to  be 
referred  primarily  to  an  alteration  in  the  blood.    The  disease  is  not 


Fig.  68. 


-Advanced  amyloid  disease  of  the  liver.  The  ar- 
rangement of  the  transparent  amyloid  material  suggests  its 
formation  in  the  capillaries.  The  round  bodies  at  the  peri- 
pheral parts  of  lobules  are  fat  drops,  there  being  slight  fatty 
infiltration,    x  70.  (Thierfelder.) 
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an  independent  one,  but  comes  on  in  certain  cachectic  states  due  to 
chronic  tuberculosis,  syphilis,  diseases  of  bone  involving  prolonged 
suppuration,  chronic  dysentery,  etc. 

As  more  unusual  causes  of  amyloid  degeneration  may  be  mentioned,  leukemia, 
Hodgkin's  disease  (malignant  lymphoma),  very  rarely  cancer  or  sarcoma.  It  is 
frequently  associated  in  the  kidney  with  chronic  inflammation  of  that  organ,  but 
it  is  doubtful  whether  the  latter  is  to  be  regarded  as  its  cause,  for,  on  the  one  hand, 
amyloid  disease  may  lead  to  nephritis,  and,  on  the  other,  both  conditions  may  be 
the  result  of  syphilis. 

It  will  be  seen  that  in  the  forms  of  disease  mentioned  as  leading  to 
amyloid  degeneration  there  are,  for  the  most  part,  morbid  poisons  in 
the  blood.  It  is  probable  that  the  action  of  these  agents  is  the  direct 
cause  of  the  condition  rather  than  any  drain  on  the  system  such  as 
has  been  generally  asserted  as  the  cause.  AVhilst  in  tuberculosis  there 
is  usually  a  prolonged  discharge,  yet  in  syphilis  amyloid  degenera- 
tion is  common  without  any  such  condition. 

It  is  more  difficult  to  determine  the  nature  of  the  connection  between 
the  vice  in  the  blood  and  the  disease  in  the  tissues.  By  some  it  is 
supposed  that  the  amyloid  substance  arises  in  the  blood  by  modifica- 
tion of  the  albumen  and  is  then  infiltrated  into  the  structures.  But 
this  view  cannot  be  accepted,  for  various  reasons.  In  the  first  place, 
the  substance  is  eminently  insoluble,  and  it  is  difficult  to  understand 
how* it  can  be  carried  by  the  blood  ;  besides  this  it  does  not  displace 
the  normal  structures  simply,  but  replaces  them,  these  structures 
being  converted  into  the  amyloid  substance.  It  is  more  consistent 
to  suppose  that  the  tissues  are  reduced  in  vitality  by  the  altered  con- 
dition of  the  blood,  and  that  the  albumen  of  the  blood  enters  into 
combination  with  the  protoplasm  in  such  a  way  as  to  produce  this 
peculiar  substance.  The  process  may  perhaps  be  compared  to  the 
coagulation  of  the  tissues,  which,  as  we  have  seen,  sometimes  occurs 
when  they  undergo  necrosis,  the  tissues  entering  apparently  into  a 
chemical  union  with  the  fibrinogen  in  the  fluid  exuded  from  the 
blood-vessels,  so  as  to  form  fibrine  or  some  substance  allied  to  it. 
Amyloid  matter  has  frequently  been  compared  to  fibrine,  and  Dickinson 
has  suggested  its  affinity  with  de-alkalized  fibrine.  The  existence  of 
localized  amyloid  disease  is  strongly  confirmatory  of  this  view.  In 
this  condition  abnormal  structures  enter  into  this  peculiar  chemical 
combination  with  the  albumen  of  the  blood,  while  normal  structures 
do  not.  In  this  connection  also,  the  fact  that  amyloid  disease  affects 
the  connective  structures  of  the  body  is  not  to  be  forgotten.  It  is 
as  if  the  chemical  basis  of  these  structures  had  a  special  relation  to 
the  amyloid  substance.     Amyloid  disease  is  therefore  essentially  a 
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degeneration,  although,  in  order  to  the  formation  of  the  amyloid 
substance,  it  is  necessary  to  have,  added  to  the  tissue,  material  from 
without,  and  this  adds  greatly  to  the  bulk  and  weight  of  the  structures. 

According  to  Wichmann  the  amyloid  matter  is  always  interstitial, 
that  is  to  say,  between  the  cells.  He  holds  that  it  occurs  when  the 
cells,  owing  to  anaemia,  are  no  longer  able  to  assimilate  the  normal 
albumen  exuded  from  the  blood.  The  albumen  lying  in  the  spaces 
of  the  tissues  undergoes  a  chemical  transformation  into  the  amyloid 
substance.    This  suggestion  does  not  seem  a  likely  one. 

Changes  in  the  tissues. — Amyloid  degeneration,  being  due  to  a 
condition  of  the  blood,  is  nearly  always  present  in  a  number  of  organs 
simultaneously,  although  its  degree  varies  greatly  in  different  organs. 
It  is  particularly  frequent  in  the  spleen,  liver,  kidneys,  intestine,  and 
lymphatic  glands,  but  may  occur  in  almost  every  organ  and  tissue 
of  the  body. 

In  all  these  organs  it  begins  in  the  walls  of  the  blood-vessels,  more 
especially  the  walls  of  the  capillaries  and  smaller  arteries,  or  in  the 
connective  tissue.  In  advanced  cases  the  amyloid  substance  is  in 
such  quantity,  and  the  proper  tissue  of  the  organs  is  in  many  cases 
so  much  atrophied,  that  it  is  often  difficult  to  determine  its  precise 
seat.  In  early  cases,  however,  it  will  be  found  that  the  arteries  and  I 
capillaries  are  nearly  always  the  primary  seat.  It  is  readily  seen  in 
the  liver,  for  instance,  that  the  capillaries  are  affected,  the  hepatic 
cells  undergoing  atrophy.  Even  in  advanced  cases  the  arrangement 
is  often  suggestive  of  radiating  capillary  tubes,  as  in  Fig.  68.  In  the 
kidneys,  again,  it  is  always  the  vessels  which  are  first  affected, 
although  extension  may  occur  to  the  basement  membrane  of  the 
tubules.  In  the  spleen  the  arteries  are  mostly  affected,  and  in  addi- 
tion to  these  either  the  walls  of  the  sinuses  in  the  pulp  or  the  reticulum 
of  the  Malpighian  bodies.    (See  under  Spleen.) 

The  distribution  of  amyloid  disease  varies  greatly  in  different  cases,  both  in  regard 
to  the  organs  chiefly  affected  and  the  parts  of  the  organs.  Thus  in  phthisis 
pulmonalis  it  may  be  chiefly  present  in  liver,  spleen,  or  kidney,  and  it  may  be 
absent  in  one  of  these  organs  while  present  in  the  others.  Of  the  two  forms  of 
amyloid  disease  of  the  spleen  one  (the  sago  spleen)  is  characteristic  of  phthisis 
pulmonalis,  while  the  other  is  probably  the  form  mostly  met  with  in  syphilis. 

Considerable  discussion  has  occurred  as  to  the  existence  of  amyloid  disease  in 
epithelial  structures.  It  is  now  generally  admitted  that  these  are  rarely  if  ever 
involved,  and  if  they  are  it  is  in  advanced  cases.  In  the  liver  it  is  admitted 
that  the  arteries  and  capillaries  are  chiefly  affected,  but  Kyber  and  others  have 
asserted  that  the  hepatic  cells  are  involved.  The  author  has  not  been  able  to 
detect  any  amyloid  change  in  the  hepatic  cells. 

The  amyloid  substance  is  a  very  inert  matter.    It  is  insoluble  in 
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water  and  alcohol  and  even  in  gastric  juice.  During  life  it  renders 
I  the  structures  involved  passive,  so  that  they  are  incapable  of  vital 
changes.  This  material  is  insoluble  in  the  juices  of  the  body,  but 
consistently  with  its  character  as  inert  matter  it  gives  ready  passage 
to  fluids,  so  that  during  life  the  prominent  symptom  of  amyloid 
disease  in  the  intestine  is  diarrhoea,  and  in  the  kidneys  an  excessive 
discharge  of  watery  urine. 

A  frequent  result  of  amyloid  disease  is  diminution  in  the  calibre 
of  the  blood-vessels,  and  this  must  lead  to  anaemia  of  the  organs.  To 
this  may  be  partly  ascribed  the  fatty  degeneration  and  atrophy  which 
so  frequently  accompany  the  process,  although  these  are  also  due  to 
the  pressure  of  the  swollen  structures. 

Structures  which  have  undergone  amyloid  degeneration  are  greatly 
increased  in  bulk  and  weight,  and  this  tells  on  the  organ  as  a  whole. 
The  liver,  spleen,  and  kidneys  are  often  greatly  enlarged,  and  they 
present  a  peculiar  dense  translucent  appearance,  which  has  given  rise 
to  the  names  waxy  and  lardaceous  disease  often  applied  to  amyloid 
degeneration. 

Localized  amyloid  disease. — This  does  not  occur  in  tissues  pre- 
viously unaltered  ;  there  is  always  some  preceding  local  lesion.  It  is 
met  with  chiefly  in  new-formed  inflammatory  tissue  and  cicatrices,, 
especially  when  of  syphilitic  origin,  and  also  in  tumours.  It  has  been 
seen  in  syphilitic  cicatrices  in 
the  liver,  tongue,  and  larynx,  in 
degenerating  cartilage,  etc.  In 
some  cases  the  amyloid  piece  of 
tissue  is  of  considerable  size,  and 
as  it  differs  in  its  hard  translu- 
cent character  from  the  tissues 
around,  it  may  itself  look  like  a 
tumour. 

Amyloid  concretions.  Corpora 
amylacea.  —  In  old  extravasa- 
tions of  blood  in  the  lungs  we 
sometimes  meet  with  round  or 
oval  stratified  bodies  of  small 

size  (see  Fig.  69,  b),  Which  SOme-     state;  b,  from  a  hemorrhagic  infarction  of  ~the 
,  l«ng  ;  c,  from  the  spinal  cord,    x  400.  (Ziegler). 

what  resemble  starch  granules, 

and  give  with  iodine  the  amyloid  reaction.  Sometimes  they  con- 
tain in  their  central  parts  a  foreign  body,  such  as  a  blood  crystal. 
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Again  in  the  prostate  gland  (a)  we  meet  with  concretions  of  con- 
siderable size,  it  may  be  visible,  as  brown  granules,  to  the  naked 
eye,  with  all  the  characters  of  stratified  amyloid  concretions.  They 
are  also  met  with  in  the  tissues  of  the  central  nervous  system  (c)  j 
they  are  present  in  the  normal  brain,  especially  in  the  ependyma  of 
the  ventricles,  but  in  cases  of  sclerosis  they  may  be  present  in  enor- 
mous numbers. 

The  reaction  of  these  bodies  is  not  quite  the  same  as  that  of  ordinary  amyloid 
matter.  They  give  with  iodine  more  of  a  blue  tint,  and  that  without  adding 
sulphuric  acid.  They  sometimes  fail  to  give  a  red  colour  with  methylviolet. 
Their  significance  is  not  usually  very  great  in  a  practical  point  of  view,  but  their 
presence  under  these  various  conditions  seems  to  prove  that  various  albuminous 
substances  may  undergo  conversion  into  the  so-called  amyloid  substance. 

In  the  nervous  system  there  are  frequently  developed  artificially  clear  glancing 
"bodies  which  somewhat  resemble  amyloid  bodies.  They  occur  as  a  result  of  the 
action  of  alcohol  in  hardening  the  tissue,  and  this  agent  should  therefore,  as  a 
general  rule,  be  avoided  in  preparing  the  brain  and  spinal  cord  for  histological 
investigation.  The  bodies  give  with  iodine  a  pale  yellow,  and  with  methylviolet  a 
reddish  colour.  They  are  devoid  of  pathological  significance,  although  some  writers 
have  referred  to  them  as  true  morbid  lesions.  (See  a  review  of  the  subject  by 
Middleton,  who  regards  them  as  formed  by  the  action  of  alcohol  on  the  myeline  of 
the  medullated  nerve-fibres.) 

Literature. — Vikchow,  Virch.  Arch.,  vi. ;  Wilks,  Guy's  Hosp.Eep.,  1856;  Kekule, 
Heidelberg  Jahrb.,  1858  ;  Kuhne  und  Budneff,  Virch.  Arch.,  vol.  xxxiii. ;  Cornil, 
Arch.  d.  phys.,  1875  :  Kyber,  Virch.  Arch.,  vol.  lxxxi. ;  Budd,  Lancet,  1880;  Keport 
•on  lardaceous  disease,  Path.  Soc.  trans.,  vol.  xxii. ;  Fagge,  Path.  Soc.  trans.,  vol. 
xxvii. ;  Dickinson,  Discussion  on  lardaceous  disease,  Path.  Soc.  trans.,  vol.  xxx.  ; 
see  also  Greenfield,  Goodhart,  and  others  in  this  discussion ;  Coats  (Amyloid  dis.  in 
Phthisis),  in  Gairdner  and  Coats,  Lect.  to  practitioners,  1888  ;  Zahn  (Local  amyloid 
dis.),  Virch.  Arch.,  vols,  lxxii.  and  lxxiii. ;  Middleton,  Glas.  Med.  Jour.,  xxii., 
1884  ;  Wichmann  (Bibliography),  Ziegler's  Beitrage,  xiii.,  1893. 

VIII.— MUCOUS,  COLLOID,  AND  HYALINE  DEGENERATIONS. 

There  are  many  pathological  conditions  in  which  translucent, 
glancing  substances  appear  in  the  tissues,  and  it  is  frequently  diffi- 
cult or  impossible  to  determine  the  chemical  and  other  relations  of 
these  substances,  which  were  all  at  one  time  called  colloid  substances. 
In  regard  to  one  of  them,  namely,  amyloid  substance,  the  reactions 
are  so  definite  that  it  can  readily  be  detected  even  in  small  quan- 
tities. It  has,  therefore,  been  separated  from  this  group.  Mucin  is 
also  a  tolerably  definite  substance,  whose  reactions  generally  allow 
of  its  detection.  But  even  in  regard  to  it  there  are  cases  in  which 
its  presence  is  doubtful,  and  there  remain  many  conditions  in  which 
the  colloid  or  hyaline  appearance  is  visible,  but  the  nature  of  the 
change  is  obscure. 
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Most  authors  use  the  term  colloid  degeneration  to  cover  the  more  indefinite 
forms,  using  a  term  which  formerly  had  a  wider  significance.  Becklinghausen 
has  introduced  the  term  Hyalin  to  indicate  a  substance  having  a  clear  translucent 
appearance.  This  author  includes  under  this  name  both  solid  and  semi-fluid 
substances  having  the  optical  characters  mentioned.  As  the  term  means  glassy, 
it  seems  hardly  consistent  to  call  by  this  name  tenacious  fluids,  such  as  that 
found  in  the  thyroid  gland  in  some  cases  of  goitre.  Perhaps  it  may  be  con- 
venient to  retain  the  term  colloid  for  the  semi-fluid  matters,  and  hyaline  for 
the  more  solid. 

1.  Mucous  degeneration. — This  is  characterized  by  the  presence 
in  the  tissues  of  Mucin.  This  is  a  normal  secretion  of  certain  glands, 
and  is  a  body  of  definite  chemical  reactions.  It  is  closely  allied  to 
albumen,  but  it  is  precipitated  by  dilute  mineral  acids,  and  by 
organic  acids  (acetic  acid),  and  is  not  re-dissolved  by  excess  of  acid. 

'  With  alcohol  it  gives  a  membranous  and  fibrous  coagulum,  which  is 
partly  re-dissolved  in  excess  of  water.  Albumen,  on  the  contrary, 
is  not  precipitated  by  organic  acids,  and  its  precipitate  with  alcohol 
is  flocculent,  and  not  re-dissolved  by  water.    Mucin  is  detectable  by 

I  a  colour  test,  the  dye  used  being  toluidin  blue.  This  substance, 
which  is  nearly  allied  to  methyl  blue,  produces  a  blue  nuclear  stain- 
ing, but  gives  a  red  colour  with  mucin.  The  physical  characters 
of  mucin  are  notable  in  that,  even  in  small  amounts,  it  gives  fluids 
a  sticky,  tenacious  character.  Thus  a  fluid  containing  5  per  cent,  of 
mucin  is  tenacious,  while  the  blood  serum  which  contains  9  per 
cent,  of  albumen  is  quite  liquid.  Paralbumin  is  closely  allied  to 
mucin,  if  not  the  same  substance. 

Mucin  is  present  pathologically  either  in  cells  or  in  the  intercellular 
substance.  In  cells  it  has  its  physiological  type  in  the  secretion  of 
mucus.  This  takes  place  by  a  transformation  of  epithelial  cells,  which 
may  be  either  in  proper  mucous  glands  or  else  on  the  surface  of 
mucous  membranes.  The  cells  show  in  their  protoplasm  a  clear 
substance  which  gradually  distends  them,  and  they  become  goblet 
cells.  The  mucin  is  discharged,  the  cell  being  either  destroyed  or 
returning  to  the  normal  condition.  An  exaggeration  of  this  process 
occurs  in  catarrhs  of  mucous  membranes,  but  this  can  scarcely  be 
called  mucous  degeneration.  There  may  also  be  an  accumulation  of 
mucus  in  a  cavity  or  cyst,  but  this  also  is  to  be  distinguished  from 
degeneration. 

A  definite  mucous  degeneration  occurs  in  tumours,  notably  in 
ovarian  tumours,  where  the  result  is  rather  paralbumin  than  mucin, 
and  in  certain  cancers.  In  the  colloid  ovarian  cystoma,  the  mucous 
(or  colloid)  matter  is  produced  by  a  process  of  secretion  in  glandular 
structures,  goblet  cells  being  characteristically  present.    (See  Fig.  70.) 
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In  colloid  or  mucous  cancers  the  epithelial  cells  of  the  tumours 
undergo  a  mucous  transformation.  The  tumours  which  present  this 
change  have  mostly  their  seat  where  cylindrical  epithelium  is  a 
normal  constituent. 


Fig>  to.— From  internal  surface  of  a  colloid  ovarian  cyst.  The  lining  epithelium 
is  mostly  in  the  form  of  goblet  cells,  the  superficial  parts  having  clear  transparent 
contents,    x  350. 


Mucin  differs  from  albumen  in  respect  that  it  has  no  tendency 
to  become  absorbed,  so  that  a  cavity  containing  a  mucous  fluid  is 
not  likely  to  have  its  contents  reduced  by  absorption. 

Mucin  is  present  in  the  intercellular  substance  in  the  tissue  of  the 
umbilical  cord,  which  may  be  taken  as  the  type  of  Mucous  tissue. 
In  this  tissue  the  intercellular  substance  is  composed  of  a  soft  jelly. 
Tumours  occur  which  are  composed  of  a  similar  tissue.  (See 
Myxoma.)  A  true  mucous  degeneration  occurs  when  the  dense 
matrix  of  cartilage  or  bone  becomes  transformed  into  a  jelly  con- 
taining mucin,  or  when  the  adipose  tissue  becomes  like  mucous  tissue. 

Myxoedema  is  a  condition  in  which  mucin  is  present  in  the  skin, 
subcutaneous  tissue,  etc.  It  is  associated  with  changes  in  the  thyroid 
eland,  under  which  it  will  be  discussed. 

2.  Colloid  degeneration. — Under  this  name  are  included  conditions 
in  which  the  cells  of  structures  secrete  or  become  converted  into  a 
clear  homogeneous  substance,  this  transformation  implying  the  destruc- 
tion of  the  cells.  It  occurs  almost  as  a  physiological  process  in  the 
Thyroid  gland,  as  colloid  matter  is  always  present  in  later  life  in 
that  gland.  It  forms  an  important  element  in  the  commonest  form 
of  Goitre,  in  which  there  is  an  enlargement  of  the  gland.  The  thyroid 
gland  consists  of  saccules  lined- with  epithelium.  The  epithelial  cells 
become  colloid  and  the  saccule  comes  to  be  occupied  by  a  trans- 
lucent clump  of  colloid  matter,  which  by  swelling  up  causes  enlarge- 


CALCAREOUS  INFILTRATION. 


193 


pent  of  the  saccule.  In  the  Kidneys  we  frequently  find  cysts 
occupied  by  colloid  matter,  which  has  arisen  by  transformation  of 
the  epithelium  of  the  tubules  or  glomeruli. 

3.  Hyaline  degeneration. — Kecklinghausen  has  introduced  this  term  to  designate 
conditions  in  which  a  clear  homogeneous  substance  of  a  vitreous  appearance  is 
present,  which  does  not  yield  the  reactions  of  amyloid  substance  or  mucin. 
This  Hyalin  has  special  reactions  to  some  staining  agents,  being  deeply 
coloured  by  most  of  the  acid  dyes.  Thus  carmine,  picro-carmine,  and  to  a  less 
extent,  hasmatoxyline,  eosine,  and  acid  fuchsine  stain  it  deeply.  It  is  an  inert 
substance  and  its  presence  implies  that  the  structures  involved  are  obsolete  if 
not  dead.  The  substance  is  insoluble  in  water  and  alcohol,  and  is  unaffected 
by  acids  and  alkalies.  It  is  insoluble  in  the  juices  of  the  tissues ;  at  most, 
swells  up  when  acted  on  by  them  and  remains  as  an  inert  substance.  Like 
amyloid  matter  and  mucus,  it  arises  chiefly  by  transformation  of  cells,  but 
there  are  some  conditions  included  by  Kecklinghausen,  in  which  this  can  hardly 
be  said  to  be  the  case. 

It  is  not  asserted  by  Recklinghausen  that  hyalin  has  a  determinate  chemical 
constitution,  and  there  are  probably  many  different  conditions  included  in  the 
name.  The  following  is  a  list  of  the  conditions  included  under  hyaline  degenera- 
tion : — (1)  Colloid  degeneration ;  (2)  Some  instances  of  coagulation-necrosis,  and 
more  particularly  the  waxy  degeneration  of  muscle ;  (3)  Tube  casts  in  the  kidneys 
(hyaline  cylinders)  and  similar  structures  met  with  in  inflammations  in  the 
ducts  of  the  sweat  glands,  and  in  the  ovarian  follicles ;  (4)  Hyaline  matters 
in  many  tumours,  as  in  lymphomas,  sarcomas,  and  cancers,  as  well  as  in 
tubercles ;  (5)  On  mucous  membranes,  forming  the  main  constituent  of  diph- 
theritic membranes;  (6)  In  thrombi  and  fibrinous  exudations,  where  the  fibrine, 
at  first  forming  a  net-work,  becomes  converted  into  a  hyaline  homogeneous 
material;  the  thrombi  in  aneurysms  often  assume  this  character;  (7)  In  the 
eye  as  prominences  in  the  hyaloid  membrane. 

Literature. — Recklinghausen,  Allg.  Path.,  p.  404. 

IX.  — CALCAREOUS  INFILTRATION  AND  CONCRETIONS. 

By  these  terms  is  meant  the  pathological  deposition  of  lime-salts. 
In  Ossification  we  have  the  salts  of  lime  united  with  an  organic 
matrix,  and  the  tissue  has  a  definite  structure  in  which  living,  active 
cells  are  present.  In  Calcareous  infiltration  the  same  salts,  chiefly 
the  carbonate  and  phosphate  of  lime,  are  deposited  in  tissues  with- 
out entering  into  any  proper  union  with  them,  and,  in  fact,  the 
deposition  of  the  lime  is  in  itself  evidence  that  the  tissue  has  virtu- 
ally lost  its  vitality.  A  Concretion  is  a  solid  body,  formed  generally 
by  deposition  from  a  fluid.  Such  solid  bodies  consist  in  many  cases 
of  lime  salts. 

Causation. — Lime-salts  or  other  soluble  matters  may  be  deposited 
because  they  are  present  in  excess.  In  cases  of  rapid  destruction  of 
bone,  as  by  an  advancing  cancer,  the  absorbed  lime-salts  are  present 
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in  the  blood  in  excess,  and  we  may  have  a  metastatic  calcification 
of  the  lung  or  intestine.     There  may  be  thus  an  incrustation  such 
as  to  make  the  tissue  like  pumice-stone.    In  some  cases  of  this  kind  j 
there  has  been  a  co-existent  disease  of  the  kidneys  hindering  the 
due  excretion  of  the  lime-salts. 

In  most  instances,  however,  the  presence  of  dead  or  obsolete  matter 
or  a  foreign  body  is  the  chief  determining  cause  of  deposition.  The 
blood  and  principal  fluids  contain  lime-salts  in  solution,  and,  under 
certain  circumstances,  these  are  liable  to  precipitation.  In  the  living 
tissues  there  is  a  continual  circulation  of  the  fluids,  and  these  latter 
do  not  linger  long  enough  to  undergo  any  serious  chemical  change. 

In  dead  or  obsolete  structures,  on  the  other  hand,  the  juices  will 
lie  stagnant,  and  are  liable  to  undergo  chemical  changes.  Both  in 
the  case  of  concretions  and  infiltrations  there  is  usually  a  foreign 
body  or  piece  of  dead  matter  as  the  centre  of  deposition.  In  addition, 
the  circumstances  are  frequently  such  as  to  cause  stagnation  of  the 
fluid. 

Characters  of  the  lesions. — The  lime-salts  are  deposited  in  the 
first  instance  in  the  form  of  fine  globular  granules,  either  in  the 


Fig.  71. — Calcareous  infiltration  in  a  tumour  :  a,  cells  of  smooth  muscle  filled  with 
lime  granules  ;  b,  a  blood-vessel  converted  into  a  solid  rod.    x  350. 


protoplasm  of  cells  or  in  the  intercellular  substance.  The  structure 
is  as  if  dusted  with  refracting  granules,  and  the  appearances  in  many 
respects  resemble  those  of  fatty  degeneration.    (Fig.  71a.)     As  the 


CALCAREOUS  INFILTRATION. 


195 


salts  accumulate,  the  appearance  of  granules  is  somewhat  lost  and  a 
more  continuous  petrifaction  results.  (Fig.  71  b.)  Sometimes  the 
structure  becomes  in  consequence  homogeneous  and  somewhat  trans- 
lucent, as  in  Fig.  72.  The  addition  of  a  dilute  mineral  acid  causes 
the  salts  to  dissolve,  and,  as  carbonates  are  nearly  always  present, 
solution  occurs  with  evolution  of  gas. 


Fig.  72. —Calcareous  infiltration  of  the  middle  coat  in  an  artery.  The  lime  salts 
have  aggregated  together  so  as  to  produce  a  crystalline  appearance,    x  22. 


Examples  of  this  process  are  very  numerous.  A  minute  parasite, 
the  trichina  spiralis,  occurs  in  the  embryo  form  in  the  muscle  of  man 
and  animals ;  it  lies  there  quiescent,  coiled  up  spirally  and  surrounded 
by  a  capsule.  It  is  virtually  a  foreign  body,  and  the  capsule  is  by 
degrees  impregnated  with  lime,  assuming  an  opaque  appearance  at 
its  poles  (Fig.  73).    If  the  embryo  itself  dies,  it  also  may  become 


Fig.  73. — Trichina  spiralis  in  muscle.  The  capsules  infiltrated  with  lime,  and  in 
one  case  a  dead  worm  shrivelled  and  impregnated  with  lime. 


impregnated  with  lime  (see  Fig.  73,  lower  part).  Sometimes  an 
extra-uterine  foetus  dies  and  remains  inside  the  abdomen  as  a  foreign 
body.    It  becomes  surrounded  by  adhesions  and  partially  encapsuled. 
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The  capsule  and  superficial  parts  of  the  foetus  become  through  time 
encrusted  with  lime,  forming  the  so-called  Lithopaedion.  Again,  an 
inflammatory  exudation  in  the  pericardium  may  dry  in  and  become 
impregnated  with  lime.  In  phthisis  pulmonalis,  if  healing  occurs, 
the  contents  of  cavities  and  caseous  matter  may  dry  in  and  become 
surrounded  by  a  capsule ;  impregnation  with  lime  results,  leading 
to  a  pultaceous  or  mortary  material,  which  may  ultimately  con- 
dense into  a  stony  mass.  Again,  in  valvular  disease  of  the  heart, 
due  to  chronic  endocarditis,  the  new-formed  connective  tissue,  by  its 
contraction,  becomes  hard  and  dry  and  virtually  obsolete,  and  de- 
position of  lime-salts  occurs. 

These  are  examples  of  calcification  of  foreign  bodies  or  pathological 
products,  but  we  may  have  the  process  occurring  in  the  ordinary 
tissues  when  they  have  become  obsolete.  In  the  middle  coat  of 
arteries  of  old  people,  calcareous  infiltration,  beginning  in  the  mus- 
cular fibre-cells,  frequently  leads  to  massive  petrifaction  of  the  arteries 
(see  Fig.  72),  so  that  they  form  rigid  tubes.  The  cartilages  of  old 
people  are  also  liable  to  impregnation  with  lime.  The  crystalline 
lens  of  the  eye  may  be  the  seat  of  a  similar  deposition  in  certain 
forms  of  cataract. 

In  some  cases  the  calcification  is  followed  by  a  true  ossification. 
Calcareous  infiltration  of  the  middle  coat  of  arteries  is  not  in- 
frequently associated  with  ossification  (Paul,  Coats),  and  the  calcifi- 
cation of  the  ribs  of  old  people  frequently  passes  into  ossification. 
Again,  the  author  found  in  an  old  hydatid  cyst  in  the  liver  true 
bone  associated  with  calcification.  In  these  cases  the  rigid  calcified 
structure  probably  acts  as  a  foreign  body,  inducing  the  formation 
of  granulation  tissue  around  it.  The  granulation  tissue  may  eat 
into  the  calcareous  mass,  and  it  looks  as  if  the  presence  of  lime- 
salts  induced  it  to  develop  into  bone  rather  than  into  ordinary  con- 
nective tissue. 

Literature.— Weber,  Virch.  Arch.,  vol.  vi. ;  Virchow,  do.,  vols,  viii.,  xi.,  xx. ; 
Zahn,  do.,  vol.  lxii. ;  Kyber,  do.,  vol.  lxxxi. ;  Paul,  Path.  Soc.  trans.,  vol.  xxxvii., 
p.  216;  Coats,  Glas.  Med.  Jour.,  vol.  xxvii.,  1887,  p.  265;  Cohn.,  Virch.  Arch., 
vol.  cvi. 
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NEW-FORMATION. 


HYPERTROPHY,  REPAIR,  REGENERATION,  TRANS- 


PLANTATION. 


New -formation  of  Tissue  by  Karyomitosis.  Genesis  of  new-formations,  from  in- 
different cells  ;  Metaplasia.  I.  Hypertrophy,  compared  with  normal  growth; 
Hypertrophy  (1)  from  congenital  proclivity  ;  (2)  compensatory  ;  (3)  from  in- 
creased blood-supply  ;  (4)  from  direct  stimulation  ;  (5)  from  friction.  II. 
Regeneration  of  Tissue  ;  limited  powers  of  restoration  in  man.  III.  Repair 
of  Injuries  ;  healing  of  wounds,  chiefly  blood,  epithelium,  and  connective 
tissues,  also  nerve  and  muscle.  IV.  Transplantation,  effected  by  experiment 
in  animals,  spontaneously  and  by  operation  in  man. 


HE   pathological   new-formation  of  tissue  occurs   by  processes 


analogous  to  those  concerned  in  the  physiological  formation  of 
tissue  in  the  process  of  growth. 

Karyomitosis  (#ca/>vov  =  nucleus,  /xn-09  =  a  thread  or  fibre). — The  new- 
formation  of  tissue,  whether  physiological  or  pathological,  implies  cell- 
division.  According  to  the  views  of  Remak  -this  process  consisted  in 
a  direct  division  of  the  nucleus  and  cell.  The  recent  observations 
of  Flemming  and  Strassburger  show  that  in  the  growth  of  both  animal 
and  vegetable  tissues  the  process  is  not  so  direct,  but  involves  certain 
changes  in  the  nucleus  of  a  striking  and  peculiar  nature.  To  this 
process  the  names  Indirect  division,  Karyokinesis,  and  Karyomitosis 
have  been  applied. 

This  process  occupies  a  comparatively  short  time,  seconds  or  minutes,  and  is  not 
readily  seen  in  the  products  of  post-mortem  examinations.  In  order  to  observe 
it  the  tissues  should  be  obtained  from  the  living  body  and  immediately  subjected  to 
the  proper  fixing  and  hardening  processes,  preparatory  to  microscopic  examination. 

The  general  outlines  of  the  process  may  be  followed  from  the 
diagrammatic  Figure  74.  Figure  75  shows  the  actual  appearances  in 
certain  stages  of  the  process. 
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The  Nucleus  in  a  state  of  rest  is  not  a  homogeneous  body.  It  has 
a  limiting  membrane,  inside  which  the  contents  are  composed  of  two 
substances.    One  of  these  is  deeply  stained  by  certain  re-agents  and 


Fig.  74. — Division  of  cells.    Explanation  in  text.    (After  Plemming.) 

is  hence  called  Chromatic  substance,  while  the  other  is  less  stained 
and  is  called  Achromatic.    The  chromatic  substance  forms  a  finely 


iffy 


Fig.  75.  —Photographs  showing  three  stages  in  Karyomitosis.    X  1200. 


fibrous  stroma  (see  a,  Fig.  73),  between  which  the  achromatic  sub- 
stance and  the  nucleoli  lie.    It  is  the  fibrous  stroma  which  is  mainly 
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concerned  in  the  processes  which  precede  division.  The  membrane 
and  nucleoli  disappear  and  the  fibres  become  thicker  and  stain  more 
deeply  than  before  (see  b,  Fig.  73),  being  converted  into  a  convoluted 
fibre,  or  system  of  fibres.  These  fibres  seem  to  have  a  power  of 
movement  according  to  which  they  alter  their  arrangement  as  the 
process  proceeds  (hence  the  name  karyokinesis,  from  K<xpvov  =  nucleus, 
and  KLvrj(rL<5  =  movement).  From  this  convoluted  form  develops  the 
stellate  form  of  the  fibres  (c),  the  fibres  by  longitudinal  division  be- 
coming finer  (d).  The  fibres  now  arrange  themselves  in  the  equator 
of  the  nucleus  (at  d  and  e),  and  here  they  divide  into  two.  The  two 
halves  now  diverge  from  one  another  towards  the  poles  of  the  cell, 
forming  there  the  fibres  of  the  new  nuclei,  and  having  at  first  a 
stellate  arrangement  (/).  This  by  degrees  gives  place  to  a  convoluted 
arrangement,  and  the  nucleus  subsides  into  the  state  of  rest,  the  fibres 
to  a  great  extent  disappearing,  and  the  cell-membrane  being  formed. 
After  the  polar  separation  of  the  daughter  nuclei  the  cell  itself  shows 
signs  of  division,  and  so  the  process  is  completed. 

The  process  of  karyomitosis  is  to  be  observed  in  all  kinds  of  patho- 
logical new-formation.  It  is  abundantly  evident  in  growing  tumours, 
in  tubercles  (according  to  Baumgarten),  in  inflammatory  new-forma- 
tions, and  it  is  probably  the  chief,  if  not  the  only  method,  of  new- 
formation  of  permanent  cells.  In  fact,  the  activity  of  new-formation 
may  in  general  be  estimated  by  the  number  of  cells  in  which  karyo- 
mitosis is  visible. 

According  to  Arnold  the  process  is  not  so  uniform  as  that  described  above, 
but  follows  two  types  which  he  designates  segmentation  and  fragmentation, 
but  he  suggests  that  the  two  may  be  simply  modifications  of  the  same  type. 
There  is  probably,  in  addition  to  this,  a  direct  division  of  cells,  which  occurs 
chiefly  in  leucocytes. 

Genesis  of  new-formations. — An  important  question  in  regard  to 
new-formations  is,  as  to  their  origin  and  their  relation  to  the  exist- 
ing tissues.  It  will  be  found  that  the  new-formed  tissue  always 
conforms  in  the  details  of  its  structure  to  one  or  other  of  the  normal 
tissues.  No  new-formation  is  therefore  foreign  to  the  organism,  there 
is  no  heterologous  or  heteroplastic  new-formation  in  this  sense.  For 
the  most  part,  also,  the  new-formed  tissue  obviously  springs  from 
and  is  in  close  relation  with  tissue  of  its  own  kind.  It  sometimes 
happens,  however,  in  the  case  of  tumours  that  their  tissue  extends 
to  structures  of  a  different  nature  from  their  own,  and  in  this  sense 
the  term  heterologous  is  sometimes  used. 

In  its  earlier  periods,  after  the  cleavage  of  the  germinal  vesicle,  the 
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embryo  consists  of  a  mass  of  round  cells  which,  from  the  fact  that 
they  present  no  visible  differentiation  of  structure,  may  be  called 
Indifferent  cells.  Whilst  themselves  devoid  of  visible  special  struc- 
ture yet  these  early  embryonic  cells  contain  in  them  the  powers 
requisite  for  the  development  of  the  whole  being  of  whose  cells  they 
are  the  parents.  These  cells  form  the  three  germinal  layers,  the 
epiblast,  hypoblast,  and  mesoblast.  When  once  this  differentiation 
has  occurred  these  layers  remain  distinct,  and  each  produces  its  own 
special  tissues.  The  same  distinction  is  presumably  carried  out  in 
pathological  new- formations.  It  was,  indeed,  suggested  by  Yirchow 
that  the  connective  tissue  which  exists  in  every  part  of  the  body, 
penetrating  amongst  other  tissues,  may  be  regarded  as  the  remains 
of  the  undifferentiated  embryonic  tissue.  In  this  sense  he  regarded 
connective  tissue  as  the  essential  agent  in  new-formation  of  tissue, 
and  as  capable  of  producing  epithelial  tissues  as  well  as  those  of  its 
own  kind.  In  more  recent  times  there  was  a  tendency  to  ascribe 
to  the  leucocytes  which  emigrate  from  the  blood-vessels  a  somewhat 
similar  position,  and  to  ascribe  at  least  some  new-formations  to  the 
development  of  these  cells.  The  general  belief  now  is  that  the 
differentiation  of  the  germinal  layers  holds  for  pathological  as  well 
as  for  physiological  new-formation,  and  that  tissues  do  not  originate 
except  from  tissues  of  their  own  nature.  The  greatest  difficulty  in 
this  respect  is  in  regard  to  cancers,  under  which  heading  the  subject 
will  recur. 

Metaplasia. — A  certain  interchangeability  is  manifested  among  the 
different  tissues  belonging  to  the  connective  tissue  series.  These 
really  form  a  single  tissue  having  certain  modifications,  so  that 
fibrous  tissue,  bone,  cartilage,  mucous  tissue,  adipose  tissue,  may  not 
only  be  developed  to  a  certain  extent  from  each  other,  but  may 
even  be  converted,  when  mature,  into  each  other.  Here  we  have  a 
true  metaplasia.  Thus,  adipose  tissue,  by  absorption  of  the  fat, 
becomes  loose  connective  tissue,  connective  tissue  by  attraction  of 
lime  salts  becomes  osseous  tissue,  cartilage  also  develops  into  bone, 
or,  by  a  different  change  in  its  matrix,  forms  mucous  tissue. 

Classification  of  new-formations. — The  new-formation  of  tissue 
occurs  under  three  different  circumstances.  It  may  be  virtually  a 
continuation  of  normal  growth,  the  new  tissue  being  produced  to  sub- 
serve the  normal  functions  of  the  body.  Secondly,  it  may  occur  in 
consequence  of  the  application  of  an  irritant  which  directly  stimulates 
the  tissues.  Inflammatory  new-formation  is  an  example  of  this,*  and 
we  have  a  further  example  in  the  specific  or  infective  new-formations. 
Lastly,  there  is  a  group  in  which  no  cause  is  apparent  for  the  new- 
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formation;  the  tissue  simply  grows,  without  any  apparent  stimulus 
and  without  any  purpose  in  the  economy.  This  comprises  the  group 
of  tumours  proper,  in  regard  to  some  of  which,  however,  the  exist- 
ence of  parasitic  organisms  as  the  stimulating  agents  has  been  at 
least  suspected. 

In  the  present  section  the  first  of  these  groups  will  be  considered. 

Literature. — Karyomitosis — Flemming,  Virch.  Arch.,  vol.  lxxvii.,  and  Zellsubstanz, 
Kern-  und  Zelltheilung,  1882;  Strassburger,  Zellbildung  und  Zelltheilung,  1876, 
Kerntheilung,  1884;  Eberth,  Virch.  Arch.,  vol.  lxvii ;  Arnold,  Virch.  Arch., 
xciii.,  xcv.,  xcviii. ;  Baumgarten,  Tuberkel  und  Tuberkulose,  1885  ;  Martin,  Virch. 
Arch.,  lxxxvi.;  Klein,  Quarterly  Jour,  of  Micr.  Science,  xvii.  and  xix. ;  Bizzozero, 
Virch.  Arch.,  ex.  (here  a  very  good  method  of  staining  which  the  author  has  found 
very  efficient). 

I.  HYPERTROPHY. 

The  term  hypertrophy  means  overgrowth  or  excessive  growth. 
Looking  to  the  cellular  constituents  of  the  tissues,  Virchow  has 
drawn  a  distinction  between  an  increase  of  tissue  due  to  an  enlarge- 
ment of  the  cells  and  that  due  to  a  numerical  increase,  applying  to 
the  latter  the  term  Hyperplasia.  This  distinction,  however,  cannot 
be  carried  out,  as  in  many  cases,  both  substantial  and  numerical 
increase  may  be  present.  The  term  hyperplasia  may,  however,  be 
used  where  it  is  intended  to  convey  the  meaning  that  cell-division 
or  proliferation  is  present. 

Normal  growth,  as  seen  in  the  tissues  during  the  period  of  ado- 
lescence, is  determined  by  impulses  inherent  in  the  impregnated 
embryo.  Already,  at  this  early  period,  the  sex  and  details  of  struc- 
ture are  implicitly  inherent  in  the  embryo,  which  enters  on  its 
career  of  development  with  a  pre-determined  plan.  The  tissues  cease 
to  grow  at  the  period  of  maturity  not  because  their  powers  of  new- 
formation  have  been  exhausted,  but  because  this  plan  has  been 
fulfilled.  Hypertrophy  may  occur  because  of  some  error  in  the 
embryonic  arrangements,  or  it  may  be  due  to  some  stimulus  acting 
on  the  tissues  after  birth.  In  the  latter  case  the  effect  will  be 
greater  when  the  stimulus  is  applied  during  the  period  of  normal 
growth  than  after  the  state  of  maturity  has  been  reached.  In  all 
cases  the  new-formed  tissue  is  in  structure  and  function  essentially 
similar  to  the  normal  tissue  of  its  kind  and  forms  an  addition  to 
the  existing  active  tissue  of  that  kind. 

1.  Hypertrophy  from  congenital  proclivity. — There  may  be  an 
excessive  growth  of  the  whole  body,  so  that  the  person  becomes  a 
giant ;  or  there  may  be  a  localized  hypertrophy,  as  of  the  fingers, 
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one  side  of  the  face,  etc.  There  are  also  cases  in  which  at  birth 
there  is  a  hypertrophy  of  the  tongue,  penis,  neck,  or  a  lower 
extremity.  # 

2.  Compensatory  hypertrophy.— This  form  of  hypertrophy  implies 
that,  as  a  result  of  some  defect  in  the  organism,  some  function  has 
been  called  into  unusual  exercise.  As  a  result  of  the  continued 
excessive  exercise,  the  tissue  is  increased.  The  necessity  for  this 
increased  exercise  may  arise  in  one  of  two  ways ;  there  may  be  from 
atrophy  or  destruction,  an  actual  loss  of  tissue,  and  the  remaining 
tissue  enlarges  to  bring  it  up  to  the  normal  amount ;  or  the  circum- 
stances may  be  such  as  to  call  for  the  exercise  of  a  particular 
function  in  excess  of  what  is  usual,  so  that,  in  relation  to  the 
increased  need,  the  existing  tissue  is  defective  in  amount.  In  this 
case  the  new-formed  tissue  constitutes  by  so  much  an  absolute 
excess  over  the  average  normal. 

The  most  striking  instance  of  compensatory  hypertrophy  from  loss 
of  tissue  is  that  afforded  by  the  enlargement  of  one  kidney  as  a 
result  of  destruction  or  disease  of  the  other.  The  hypertrophied 
kidney  sometimes  attains  to  the  bulk  of  the  two  normal  ones, 
especially  if  the  lesion  has  occurred  in  a  young  person.  A  similar 
hypertrophy  occurs  in  the  lung  in  cases  of  congenital  non-inflation 
of  one  lung  ;  also  in  the  testicle,  where  one  is  wanting  or  defective 
in  its  development,  and  in  the  liver,  where,  from  destruction  of  a 
large  portion  of  the  right  lobe,  the  left  may  attain  to  the  size 
which  the  right  normally  presents.  (See  under  the  affections  of 
these  various  organs.) 

It  is  necessary  to  distinguish  Pseudo-hypertrophy  from  the  proper  compensatory 
hypertrophy  illustrated  above.  Atrophy  of  a  tissue  may  be  accompanied  by  an 
excessive  growth  of  tissue  different  from  that  which  has  been  lost,  and  the  new 
tissue  may  not  only  make  up  the  normal  bulk  but  exceed  it,  so  as  to  give 
an  appearance  of  hypertrophy.  Atrophy  of  muscle  is  frequently  accompanied 
by  development  of  adipose  tissue  between  the  ultimate  fibres,  and  in  pseudo- 
hypertrophic paralysis  a  deceptive  appearance  of  hypertrophy  of  the  muscles 
is  produced.  A  similar  excessive  production  of  adipose  tissue  sometimes  occurs 
around  effete  and  disused  glands,  such  as  the  mamma  (see  p.  180). 

The  other  form  of  compensatory  hypertrophy,  that  characterized 
by  absolute  excess  of  tissue,  is  exhibited  chiefly  in  muscular  organs. 
In  the  case  of  canals  with  muscular  walls,  constrictions  of  the  canals 
or  orifices  and  defect  in  the  valves  frequently  occur,  and  these  may 
necessitate  increased  muscular  effort  to  compensate  for  the  defect. 
Thus  the  walls  of  the  heart  frequently  hypertrophy  from  disease  at 
the  orifices,  in  the  valves,  or  in  the  general  vascular  system.  The 
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urinary  bladder  shows  hypertrophy  of  its  muscular  coat  in  conse- 
quence of  obstruction  at  its  neck  (enlarged  prostate)  or  in  the 
urethra.  The  muscular  coat  of  the  stomach  frequently  hypertrophies 
from  obstruction  of  the  pylorus,  and  that  of  the  intestine  from 
obstruction  of  its  calibre.    (See  under  the  organs  named.) 

3.  Hypertrophy  from  increased  blood-supply. — In  ordinary  growth 
of  tissue,  whether  normal  or  pathological,  the  blood-vessels  strictly 
follow  the  growing  tissue,  and  are  formed  according  to  its  needs. 
But  if,  from  some  accidental  circumstance  or  by  artificial  interfer- 
ence, the  blood-supply  be  greatly  increased,  then  excessive  growth 
may  result.  If  the  spur  of  the  cock  be  removed  from  the  leg  and 
successfully  transplanted  into  the  comb,  it  will  grow  with  excessive 
vigour,  forming  a  prominent  horn-like  structure.  Here  the  increased 
supply  of  blood,  the  comb  having  a  much  more  active  circulation 
than  the  leg,  induces  an  excessive  growth  of  the  epidermis  forming 
the  spur. 

The  observations  of  Bizzozero  and  his  pupils  are  of  interest  in  this  relation. 
By  experiments  conducted  in  rabbits  he  found  that  where  a  process  of  cellular 
new-formation  by  karyomitosis  was  going  on,  this  was  not  stopped  but  only 
rendered  less  active  by  starving  the  animal.  On  the  other  hand  the  process 
may  be  greatly  accelerated  by  increasing  the  blood-supply  and  elevating  the 
temperature  of  a  part.  Thus  in  a  growing  rabbit  the  two  ears  may  be  made 
to  grow  at  very  different  rates  by  keeping  the  one  at  a  temperature  of  37°  CL 
and  the  other  at  12°  C,  the  difference  depending  essentially  on  differences  in 
the  blood-supply.  In  processes  of  repair  and  regeneration  such  as  the  healing 
of  wounds  and  fractures  of  bones,  the  process  was  similarly  accelerated  by 
increase  of  blood-supply.  When  a  wound  was  made  in  the  ears  and  the  one 
"was  rendered  hyperaemic  by  extirpating  the  cervical  sympathetic  ganglion,  the 
process  of  repair  was  more  rapid  in  the  hyperaemic  one,  and  karyomitosis  was 
more  vigorous.  Similarly  in  fractures  of  the  limbs  the  processes  of  repair  and 
regeneration  were  more  rapid  when  the  limb  was  kept  at  a  higher  temperature. 

In  human  pathology  we  have  numerous  instances  of  hypertrophy 
from  increased  activity  of  the  circulation.  We  see  it  in  the  neigh- 
bourhood of  inflammations.  Determination  of  blood  exists  outside 
the  immediately  inflamed  area,  and  if  this  is  prolonged  it  may  lead 
to  overgrowth  of  the  tissues.  In  this  way  we  may  account  for  the 
excessive  growth  of  hair  sometimes  seen  in  the  neighbourhood  of 
ulcers,  near  diseased  joints,  and  at  the  ends  of  stumps  which  have 
remained  long  inflamed. 

A  very  striking  instance  of  hypertrophy  of  this  kind  is  sometimes 
afforded  in  bones.  In  the  neighbourhood  of  inflamed  joints  the  sur- 
face of  the  bones  is  often  nodulated,  and  the  bones  greatly  thickened 
by  new-formation  under  the  periosteum.     Again,  if  a  boy  has  a 
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necrosis  of  the  femur,  the  whole  bone  may  be  more  richly  supplied 
with  blood,  and  the  normal  growth  accelerated.  The  necrosis  may 
be  recovered  from,  and  the  person  be  left  with  a  permanently 
elongated  femur  which  may  be  as  much  as  two  inches  longer  than 
the  other,  and  this  may  lead  to  considerable  lameness.  The  tibia 
is  differently  situated  to  the  femur.  Its  two  ex- 
tremities are  tied  to  the  ends  of  the  fibula  by 
firm  ligaments,  and  so  the  bone  cannot  freely 
elongate.  If  overgrowth  occurs  the  bone  must 
curve  so  as  to  accommodate  itself.  An  example 
of  this  is  shown  in  the  accompanying  Fig.  76, 
from  a  preparation  in  St.  Bartholomew's  Museum 
(quoted  by  Paget),  in  which  the  bone,  measured 
over  its  curve,  was  two  inches  longer  than  the 
healthy  one. 

4.  Hypertrophy  from  direct  stimulation. — 
From  the  observations  of  Gies  it  appears  that 
small  doses  of  arsenic  administered  to  growing 
rabbits  cause  increased  growth  in  the  bones. 
When  administered  to  pregnant  rabbits  the  young 
were  born  with  both  soft  parts  and  bones  larger 
than  those  of  the  young  of  rabbits  of  similar 
size.  Wegner  found  that  small  doses  of  phos- 
phorus given  to  young  animals  caused  the  epi- 
physeal layer  of  cartilage  to  produce  dense 
bone  instead  of  spongy.  The  periosteum  also 
produced  bone  in  excess,  so  that  increased 
thickness  resulted.  In  these  instances  the  arsenic 
and  phosphorus  seem  to  act  as  direct  stimulants 
to  the  bone  and  other  tissues. 
cur^ture^tiSL^heresSt  ^  Hypertrophy  from  pressure  or  friction. — 
of  necrosis  during  period  of  thickenings   of  the  epidermis  occur  in  places 

growth.    (Paget.)  ox  j. 

where  the  skin  is  exposed  to  unusual  pressure 
•or  friction.  Continued  pressure,  as  by  a  splint  or  bandage,  causes 
atrophy,  but  intermittent  pressure,  by  allowing  the  parts  to  recover, 
and  by  affording  time  for  increased  nutrition,  gives  rise  to  hyper- 
trophy. We  have  thus  the  horny  hands  of  workmen,  and  corns 
which  consist  of  concentric  thickenings  of  the  epidermis.  The  same 
law  applies  to  internal  parts,  but  as  pressure  from  within,  produced 
by  tumours,  aneurysms,  etc.,  is  usually  constant,  atrophy  is  much 
more  frequently  the  result.  Hence  the  original  statement  of  John 
Hunter  is  justified,  that  pressure  from  without  produces  thickening, 
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while  that  from  within  causes  atrophy,  although  it  is  not  to  be  taken 
without  reservation. 

Literature. — Hunter,  Palmer's  ed.,  vol.  L,  pp.  421  and  560;  Virchow,  Cellular 
Path. ;  Paget,  Lect.  on  Surg.  Path. ;  Stanley,  Diseases  of  the  bones,  1839  ;  Coatst 
Compensatory  hypert.,  Proc.  Lond.  Med.  Soc.,  vol.  vii. ;  Bizzozero,  Internat.  Med. 
Congress  at  Home,  1894,  Report  in  Brit.  Med.  Jour.,  1894,  L,  728;  Gies,  Arch.  L 
exp.  Path.  u.  Pharm.,  vol.  viii. ;  Wegner,  Virch.  Arch.,  lv. 

II.— REGENERATION  OF  TISSUE. 

The  term  Regeneration  is  applied  to  the  restoration  of  portions  of 
the  body  which  have  been  lost  by  injury  or  disease.  The  regeneration 
of  a  part  is  to  be  carefully  distinguished  from  mere  growth  or  hyper- 
trophy. A  tissue  may  be  able  under  suitable  stimulation  to  reproduce 
its  elements,  and  increase  in  size ;  but  for  the  replacement  of  a  lost 
part,  if  at  all  considerable,  there  must  be,  virtually,  a  renewal  of  the 
process  of  development.  In  order  to  such  a  renewal  of  development 
the  cells  of  a  part  must  carry  with  them  a  considerable  share  of  the 
original  germinal  material  by  the  action  of  which  the  animal  was 
formed  in  the  process  of  development.  Such  an  extension  of  the 
determining  power  occurs  very  extensively  in  plants  which  seem  in 
most  of  their  parts  to  have  the  powers  of  formation  of  the  whole. 
In  the  animal  kingdom  it  is  much  more  limited. 

The  reproduction  of  lost  parts  in  their  entirety  occurs  readily 
in  some  of  the  lowest  forms  of  animals.  In  the  hydra,  if  the  creature 
be  cut  in  two,  each  half  will  develop  into  a  complete  animal,  and  the 
process  may  be  repeated  indefinitely.  This  power  of  reproduction  of 
the  whole  animal  from  a  part  seems  confined  to  those  creatures  which, 
like  plants,  can  propagate  by  spontaneous  fission  or  gemmation.  When 
we  come  to  animals  higher  in  the  scale  the  power  of  reproduction 
seems  to  be  limited  to  the  restoration  of  lost  limbs,  antennae,  etc. 

Without  going  into  details,  which  will  be  found  by  reference  to  Paget' s  "Lectures 
on  Surgical  Pathology,"  it  may  be  said  that  there  are  indications  which  seem  to 
show  that  there  is  some  kind  of  law  according  to  which  the  reparative  power  in 
each  perfect  species  is  in  inverse  proportion  to  the  amount  of  change  which  the 
animal  has  passed  through  in  its  development  from  the  embryonic  to  the  perfect 
state.  It  is  as  if,  in  the  process  of  development,  the  formative  power  as  dis- 
tinguished from  mere  growth  were  gradually  exhausted,  and  the  process  of  repro- 
duction, which  we  have  seen  to  be,  as  it  were,  a  renewal  of  that  of  development, 
only  occurs  when  this  power  has  been  comparatively  little  expended.  It  appears, 
for  instance,  that  in  insects  the  power  of  reproducing  antennas  or  limbs  is  limited 
to  those  species  which  have  attained  the  perfect  state  through  a  comparatively 
simple  and  direct  course  of  development.     It  is  consistent  with  this  view  that 
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in  the  larval  state  insects  show  a  much  greater  power  of  reproduction  than  when 
perfect.  The  larva  of  one  of  the  higher  insects  will  be  able  to  reproduce  its  limbs, 
while  the  perfect  insect  is  not. 

In  man,  and  in  the  vertebrata  in  general,  the  long  course  of  development  seems 
largely  to  exhaust  the  reproductive  power  of  the  body,  and,  in  the  adult  state  at 
least,  the  power  of  restoration  of  lost  parts  is  very  limited,  and  the  processes 
concerned  are  almost  as  much  related  to  growth  of  tissue  as  to  development. 
In  the  embryonic  state  it  is  probable  that  the  power  of  restoring  lost  parts  is 
much  greater  than  in  the  adult.  Some  children  are  born  with  a  short  arm  at 
the  extremity  of  which  are  imperfectly  developed  ringers;  it  is  probable  that  in 
these  cases  amputation  of  the  arm  has  occurred  in  utero,  and  an  attempt  at 
restoration  has  followed. 

In  the  human  being  after  birth  it  may  be  said  that  restoration  of 
lost  structures  is  almost  confined  to  the  epithelial  and  connective 
tissues  and  to  the  blood.  Along  with  the  connective  tissues  we  have, 
of  course,  blood-vessels  which  are  readily  reproduced,  and  we  may 
also,  to  a  limited  extent,  include  nerve-fibres,  which,  as  we  shall  see 
afterwards,  are  sometimes  restored. 

The  blood  is  gradually  regenerated  when  in  consequence  of  haemor- 
rhage its  bulk  is  reduced.  The  fluid  portion  is  rapidly  restored,  the 
white  corpuscles  are  also  soon  replaced,  but  the  red  corpuscles  some- 
what more  slowly.    (See  Anaemia.) 

The  epithelial  structures  of  the  body  are  to  a  large  extent  con- 
tinually undergoing  a  physiological  process  of  loss  and  regeneration. 
The  hairs  of  men  and  animals  fall  out  at  intervals  and  are  restored; 
the  feathers  of  birds  undergo  a  similar  process ;  the  nails  and  horny 
layer  of  the  epidermis  are  continually  lost  and  replaced  by  new- 
formation.  The  plucking  out  of  hairs  or  feathers,  or  the  removal  of 
nails  is  followed  by  their  restoration,  so  long  as  the  papillae  are  not 
destroyed.  It  is  an  interesting  fact  that  when  the  whole  distal 
phalanx  of  the  finger  is  removed,  or  even  the  two  terminal  phalanges, 
there  may  be  a  partial  restoration  of  the  nail  in  that  which  has  become 
the  terminal  phalanx.  There  is  also  a  case  recorded  in  which  a  boy, 
apparently  affected  with  ichthyosis,  regularly  shed  his  nails.  (See 
references  in  Recklinghausen.) 

On  the  general  surface  of  the  skin  and  mucous  membranes  there 
is  normally  a  continuous  shedding  of  the  surface  epithelium,  and  a 
karyomitosis  in  the  deeper  layers  to  replace  that  which  is  lost ;  a 
kind  of  physiological  regeneration  therefore.  When,  by  accident  or 
otherwise,  a  superficial  portion  of  epithelium  is  shed  before  its  time, 
it  will  be  replaced  by  the  normal  growth  of  the  deeper  layers,  prob- 
ably accelerated  by  the  requirements  of  the  body.  When  the  whole 
thickness  of  the  epithelium  is  destroyed  the  gap  is  by  degrees  filled 
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by  the  proliferation  of  the  epithelium  at  the  edges  of  the  wound, 
as  we  have  already  seen  in  the  case  of  the  cicatrization  of  a  granu- 
lating wound.  According  to  the  observations  of  Klebs  the  new- 
formed  epithelium  acquires  a  slight  power  of  amoeboid  movement, 
so  that  it  can  proceed  to  the  spot  which  it  is  to  occupy. 

The  proliferation  of  the  epithelium  proceeds  by  the  process  of 
karyomitosis.  In  the  accompanying  illustration  (Fig.  77,  Eberth)  the 
fibrous  transformation  of  the  nucleus  and  the  other  changes,  as  seen 
in  the  cornea  of  the  rabbit,  some  days  after  a  portion  of  the  epi- 
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Fig.  77. —  Regeneration  of  epithelium  in  cornea  of  a  rabbit,  o,  Fibrous  transforma- 
tion of  nucleus  ;  b,  partial  separation  of  the  fibres  and  hour-glass  change  of  nucleus  ; 
c,  complete  division  of  nucleus  ;  d,  complete  division  of  cell.  (Eberth.) 


thelium  had  been  removed,  are  shown.  In  the  normal  cornea  and 
in  the  Malpighian  layer  of  the  epidermis  there  are  evidences  of  a 
similar  process  by  which,  we  may  presume,  the  physiological  regenera- 
tion occurs. 

Grland  epithelium  also  to  some  extent  undergoes  a  physiological 
loss  and  regeneration.  The  secretion  of  some  glands  implies  a 
destruction  of  cells  and  their  restoration.  According  to  Bizzozero, 
who  examined  the  various  glands  in  respect  to  the  activity  of 
karyomitosis,  the  sebaceous  glands,  the  mucous  glands  of  the 
stomach,  Lieberkiihn's  glands  in  the  intestine,  and  the  uterine  glands, 
are  actively  engaged  in  regenerating  their  epithelium  and  conse- 
quently lose  it  in  the  process  of  secretion.  In  glands  which  normally 
present  an  active  new-formation  of  their  epithelium  it  is  not  sur- 
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prising  that  regeneration  occurs  when  parts  are  lost,  but  even  in  the 
kidney  and  liver  where  there  is  no  such  normal  proliferation,  loss 
by  disease  induces  a  new-formation.  Thus  in  acute  nephritis  the 
epithelium  is  to  a  large  extent  shed  and  we  may  find  desquamated 
epithelium  lying  in  the  tubules,  while  young  epithelium  lines  them. 
In  acute  yellow  atrophy  of  the  liver  also,  there  is  great  destruction 
of  the  hepatic  cells,  and  there  is  often  visible  along  with  that  a 
new-formation  of  cells  as  if  there  were  an  attempt  at  restoration. 
In  both  of  these  organs  also,  a  loss  of  substance  induces  a  new- 
formation,  which  may  be  regarded  either  as  a  compensatory  hyper- 
trophy or  a  regeneration. 

The  lens  of  the  eye,  which  in  its  development  is  an  epithelial 
structure,  may  be  in  part  or  in  whole  regenerated,  after  its  removal 
on  account  of  cataract. 

Connective  tissue,  as  we  have  seen,  is  frequently  regenerated,  and 
the  new-formed  tissue  is  the  means  of  union  of  wounds.  Blood- 
vessels are  similarly  restored,  forming  really  part  of  the  connective 
tissue. 

Cartilage  seems  scarcely  capable  of  regeneration,  at  least  in  the 
adult.  Fractures  of  the  cartilaginous  ribs  are  united  by  bone,  and 
wounds  of  cartilage  are  replaced  by  connective  tissue  or  bone. 
Experiments  on  young  animals  show  that  in  them  there  may  be 
considerable  regeneration,  and  it  is  probably  so  also  in  the  human 
subject. 

Nerve-fibres  are  regenerated  after  division  of  nerve-stems.  A 
simple  section  of  a  nerve  may  be  followed  by  immediate  union,  and 
the  function  may  be  restored  in  a  few  days.  Even  when  portions 
of  nerves  have  been  removed  (as  much  as  2  inches)  there  is  a 
restoration  of  function,  but  at  a  much  longer  interval.  In  order  to 
this  there  is  a  new-formation  of  nerve-fibres  from  the  central 
extremity,  and  these  meet  those  of  the  peripheral  end.  The  division 
of  a  nerve,  unless  there  be  immediate  union,  implies,  as  we  shall 
see  further  on,  a  remarkable  change  in  the  whole  peripheral  portion 
from  the  point  of  section  onwards,  and  when  restoration  occurs  there 
is  a  regeneration  of  the  axis-cylinder  apparently  by  growth  outwards 
from  the  central  end.  The  power  of  regeneration  and  accommoda- 
tion of  nerves  is  further  shown  by  the  fact  that,  after  transplantation 
of  skin,  when  the  parts  are  separated  from  their  nervous  connections, 
there  is  a  restoration  of  sensation. 

Muscle  is,  to  a  limited  extent,  liable  to  regeneration.  Wounds  of 
muscles  are  usually  united  by  connective  tissue,  although  sub- 
cutaneous wounds,  as  proved  by  experiment,  often  heal  without 
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cicatrix.  Weber  found  also  that  in  the  neighbourhood  of  fractures 
no  cicatrices  existed  in  the  muscles,  although  they  had  undoubtedly 
been  torn  by  the  ends  of  the  bones.  In  the  healing  of  wounds  in 
muscles  by  granulation,  it  is  believed  by  some  that  a  new-formation 
of  muscle  takes  place  to  some  extent,  the  muscle  nuclei  taking 
part  in  the  process.  There  is  also  a  restoration  of  muscle  after 
atrophy  and  degeneration.  In  emaciating  fevers  there  is  a  great 
atrophy  of  the  voluntary  muscles  and  a  restoration  as  convalescence 
advances.  Fatty  degeneration  of  muscle  is  probably  followed,  as  in 
other  cases  of  fatty  degeneration,  by  absorption  of  the  affected 
structures,  and  this  again  involves  a  regeneration.  In  these  cases 
the  muscle  nuclei  are  not  lost,  and  they  seem  to  be  the  agents  in 
regeneration. 

III.— REPAIR  OF  INJURIES. 

While  the  absolute  restoration  of  complete  and  considerable  por- 
tions of  the  body  is  scarcely  possible  in  man,  yet  the  body  is  by 
no  means  unprovided  with  powers  by  which  injuries  are  repaired 
and  loss  of  structures  is  made  good.  It  may  be  said  that  the 
higher  and  more  complex  animals  are  endowed  with  greater 
ability  to  protect  themselves  from  injury,  and  that  their  tissues 
possess  the  necessary  powers  of  restoration  in  the  case  of  those 
injuries  to  which  they  are  specially  liable.  In  the  various  processes 
here  to  be  considered,  it  will  be  seen  that  what  may  be  called  the 
definite  intention  to  attain  a  certain  result  which  is  shown  in  the 
process  of  development,  is  distinctly  visible,  and  that  the  tissues 
have  a  remarkable  power  of  meeting  adverse  conditions. 

Healing  of  wounds. — The  power  of  repair  is  well  seen  in  the  various 
processes  concerned  in  the  healing  of  wounds.  There  are  some  wounds 
which  heal  by  a  process  fitly  designated  Immediate  union.  That  is 
to  say,  the  surfaces  are  brought  together  and  coalesce  without  any 
new-formed  material  being  produced  to  serve  as  a  bond  of  union. 
This  occurs  mostly  in  clean-cut  wounds,  which,  shortly  after  their 
infliction,  are  closed  so  as  to  bring  the  cut  surfaces  into  close  contact. 
It  is  necessary  for  this  process  that  all  inflammation  be  avoided  either 
at  the  time  of  infliction  of  the  wound  or  afterwards.  '  We  are  to  think 
of  the  living  tissues  not  as  mere  mechanical  pieces  of  texture,  but  as 
possessed,  by  virtue  of  their  vitality,  of  wonderful  powers  of  adapt- 
ability to  circumstances.  When  two  living  surfaces  are  brought  into 
contact  and  all  disturbing  conditions  are  averted,  then  the  blood- 
vessels form  communications,  the  nerves  by  and  by  unite  and  be- 
come continuous,  and  the  connective  tissue  coalesces.     In  all  this 
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there  is  a  certain  amount  of  new-formation  by  karyomitosis,  and 
there  may  even  be  slight  inflammatory  exudation,  but  there  is  no 
permanent  new  tissue  produced,  and  a  wound  in  the  skin,  or  even  in 
muscle,  may  unite,  and  no  trace  of  a  bond  of  union  or  even  of  the 
line  of  union  can  be  found  after  a  few  days.  The  epidermis  probably 
does  not  unite  so  directly,  and  the  wound  is  covered  by  new-formed 
epidermis. 

Primary  adhesion  is  a  process  of  a  more  complicated  kind.  In  it 
inflammation  plays  a  part.  When  a  wound  is  inflicted  the  mere 
mechanical  injury,  or  exposure  afterwards,  frequently  leads  to  a  trivial 
but  acute  inflammation,  resulting,  as  we  have  seen,  in  the  coating  of 
the  cut  surface  with  a  fibrinous  exudation,  the  so-called  glaze.  If 
two  surfaces  thus  coated  with  fibrine  be  brought  in  contact  they 
unite,  the  fibrine  acting  as  a  glue  or  cement.  But  the  fibrine  does 
not  form  a  permanent  bond  of  union,  and  if  union  is  not  effected  by 
other  methods,  then  the  wound  will  subsequently  gape  by  the  breaking 
down  of  the  fibrine.  In  order  to  effect  a  permanent  union  we  must 
have  formative  cells  produced,  such  as  are  concerned  in  the  formation 
of  connective  tissue  out  of  granulation  tissue,  and  we  must  have  a 
new-formation  of  blood-vessels.  The  uniting  tissue  is  very  trivial  in 
amount ;  there  is  merely  a  limited  production  of  formative  cells  which 
replace  the  thin  layer  of  fibrine,  and  a  budding  of  the  blood-vessels 
till  communications  are  formed  between  the  two  surfaces.  This  whole 
process  may  occupy  only  a  day  or  two,  and  the  permanent  new-formed 
tissue  forming  the  cicatrix  is  usually  very  small  in  amount. 

The  term  Union  by  the  first  intention  is  commonly  used  so  as 
to  include  both  of  the  conditions  described  above,  any  case  of  union 
occurring  upon  application  of  the  two  surfaces  soon  after  the  infliction 
of  the  wound  being  so  designated.  (See  more  fully  in  Paget's 
"  Surgical  Pathology.") 

Union  by  the  second  intention  or  by  granulation  is  a  name  given 
to  the  closure  of  a  wound  by  the  adhesion  and  coalescence  of  two 
layers  of  granulations.  We  have  already  seen  how  this  comes  about 
(pp.  158-9).  The  granulations  ultimately  develop  into  connective 
tissue  which  forms  the  cicatrix  or  permanent  bond  of  union.  In  this 
case  the  cicatrix  is  a  much  more  considerable  one  than  in  union 
by  the  first  intention. 

IV.— TRANSPLANTATION. 

By  this  term  is  meant  the  removal  of  parts  of  the  living  tissues 
from  their  normal  position,  and  their  implantation  in  another  situa- 
tion.    This  process  has  been  frequently  effected  by  experiment  in 
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animals ;  it  is  of  occasional  occurrence  as  a  pathological  phenomenon 
in  man,  and  it  is  sometimes  made  use  of  for  therapeutic  purposes 
as  a  surgical  operation. 

The  best  known  experiment  is  the  transplantation  of  the  spur  of  the  cock 
to  other  parts  of  the  skin  or  to  the  comb.  Zahn  implanted  a  whole  foetal 
femur  into  the  kidney  of  an  adult  rabbit,  and  found  that  it  survived  and  grew 
there.  Bert  performed  many  experiments,  in  which  he  removed  the  tails  of 
rats  and  implanted  them  on  their  backs.  A  remarkable  fact  brought  out  in 
these  experiments  was,  that  if  the  implantation  was  made  with  inversion  of 
the  tail,  so  that  the  tip  was  in  the  back  and  the  root  projected  out,  yet  the 
tail  survived,  and  even  sensation  was  restored,  conduction  occurring  in  the  nerves 
in  the  reverse  direction. 

Several  practical  results  arise  from  these  experiments.  For  one 
thing,  the  larger  the  surface  by  which  the  transplanted  piece  was  in 
contact  with  the  living  tissue,  the  greater  the  likelihood  of  success. 
Hence,  small  pieces  of  tissue  and  those  which  were  completely  buried 
in  the  living  tissues  were  the  most  successful.  In  experiments  with 
rats'  tails,  the  latter  required  to  be  denuded  of  skin  for  some  distance, 
so  as  to  bring  a  considerable  raw  surface  into  contact  with  the  sub- 
cutaneous tissue.  Another  fact  was,  that  tissues  from  young  animals 
were  more  successfully  transplanted  than  those  of  adults.  Again  the 
transplanted  piece  commonly  grew  in  its  new  situation,  sometimes 
very  markedly,  as  in  the  case  of  the  cock's  spur  on  the  comb.  This 
growth,  however,  was  generally  temporary,  and  in  many  cases  was 
succeeded  b}^  diminution  and  complete  absorption  of  the  transplanted 
piece.  If  the  transplanted  piece,  however,  was  so  placed  as  to  restore 
a  lost  part,  then  it  remained  permanently.  Lastly,  the  tissues  of 
animals  of  different  species  did  not  seem  congenial,  so  that  when, 
for  instance,  the  tissues  of  rats  were  transplanted  to  birds  they  gave 
rise  to  severe  inflammations  (Oilier). 

In  man,  transplantation  sometimes  occurs  spontaneously.  The 
greatest  example  of  this  is  furnished  in  some  cases  of  Tubal  preg- 
nancy in  which,  after  rupture  of  the  tube,  the  ovum  may  be 
transplanted  to  the  peritoneum,  acquiring  adhesions  there,  and 
developing  its  placenta  in  connection  with  the  vessels  of  the  peri- 
toneum. Then  Tumours  of  the  uterus  or  ovary  (myomata  and  cysts) 
sometimes  separate  from  their  seats  and  acquire  connections  with 
other  parts.  It  is  probable  that  in  these  cases  there  is  a  gradual 
transplantation,  the  new  connections  being  formed  before  the  old  are 
completely  severed.  Again,  pieces  of  tissue  are  sometimes  broken 
off,  such  as  the  appendices  epiploicse  in  the  peritoneum,  or  pieces  of 
synovial  membrane,  cartilage  or  bone  in  joints.    These  may  become 
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free  bodies,  retaining  their  vitality  without  any  vascular  connections, 
or  they  may  become  attached  in  new  positions. 

Transplantation,  as  a  Surgical  operation,  has  long  been  practised. 
In  plastic  operations,  involving  the  surface  of  the  body  or  the  buccal 
cavity,  the  transplantation  is  usually  partial,  the  transplanted  piece 
being  left,  at  least  for  a  time,  in  partial  connection  with  its  original 
seat.  A  complete  transplantation  is  effected  in  skin-grafting,  in 
which  portions  of  the  living  epidermis  are  transplanted  to  the 
surface  of  granulating  wounds.  The  granulating  surface,  being 
exceedingly  vascular  and  composed  of  cells,  very  readily  coalesces 
with  any  living  structure  placed  on  it. 

Transplantation  of  bone  is  an  interesting  achievement  of  modern 
surgery.  Macewen  has  succeeded,  by  successive  transplantations,  in 
restoring  almost  the  whole  shaft  of  the  humerus,  which  had  been 
lost  by  necrosis,  and  this  surgeon  has  also  shown  that,  after  tre- 
phining the  skull,  the  piece  removed  may  be  restored,  and  it  will 
retain  its  vitality  and  acquire  fresh  connections.  (See  further  under 
Affections  of  Bones). 

Literature. — Paget,  Lect.  on  surg.  path.,  ed.  by  Turner,  1870;  Hunter,  1.  c. ; 
Ranvier,  Le  develop,  du  tissu  osseux,  1865,  and  in  Cornil  et  Eanvier,  Manuel 
d'hist.  path.,  1881,  i.  Transplantation — Recklinghausen  (very  fully),  Allg.  Path., 
1883;  Hunter,  Works  by  Palmer,  iii.,  273;  Zahn,  Congres  period,  internat. 
Geneve,  1877;  Bert,  Annal.  de  science  nat.,  v.,  1866;  Reverdin,  Gaz.  d.  hopit., 
1870-71,  Arch.  gen.  de  Med.,  xix.,  1872;  Macewen,  Phil,  trans,  of  Royal  Soc, 
1881,  and  Annals  of  surgery,  Oct.  and  Nov.  1887. 
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SECTION  VIII 
SPECIFIC  INFLAMMATIONS.    INFECTIVE  TUMOURS. 

New-formations  due  to  specific  morbid  poisons,  which  in  most  have  been  deter- 
mined. I.  Syphilis.  —The  primary  lesion,  or  Hunterian  chancre  ;  affection 
of  lymphatic  glands.  The  secondary  lesion,  the  virus  in  the  blood.  The 
tertiary  lesion,  gummata  ;  amyloid  disease  ;  affection  of  arteries.  Heredi- 
tary and  congenital  syphilis.  II.  Tuberculosis. — Causation,  the  bacillus  ; 
tuberculosis  by  inoculation  ;  contagiousness  ;  inheritance.  Character  of  the 
lesion,  the  miliary  tubercle  ;  how  produced  ;  caseous  necrosis  ;  fibrous  trans- 
formation ;  softening  and  ulceration.  Local  tuberculosis  ;  mode  of  access 
of  bacillus  ;  extension  of  local  process,  by  lymphatics  and  along  surfaces  ; 
effects  of  local  tuberculosis,  emaciation,  fever,  etc.  General  tuberculosis, 
or  acute  miliary  tuberculosis.  Tuberculosis  in  animals.  III.  Leprosy  ;  the 
bacillus ;  character  of  lesions  in  tubercular  and  anaesthetic  forms.  IV. 
Elephantiasis  ;  causation  from  unknown  morbid  poison  ;  character  of  lesion. 
V.  Glanders  ;  causation  and  character  of  lesion.  VI.  Actinomycosis  ;  causa- 
tion ;  character  of  lesion  and  locality.  VII.  Malignant  Lymphoma  or 
Hodgkin's  disease  ;  character  of  lesion. 

rTlHE  affections  in  this  group  show  in  their  structure  and  general 
relations  considerable  analogies  to  inflammation  on  the  one  hand 
and  tumours  proper  on  the  other.  Hence  the  conditions  are  variously 
called  Specific  Inflammations,  Specific  New-formations  or  Infective 
Tumours.  As  already  indicated,  the  expression  1  infective '  means 
that  the  disease  is  '  spreading,'  that  it  depends  on  some  virus  which 
propagates  itself,  and  tends  to  reproduce  the  same  kind  of  lesion 
outside  its  original  seat.  In  most  of  the  forms  of  disease  included 
here,  the  exact  nature  of  the  virus  has  been  made  out,  and  in  all  of 
these  except  one  it  is  found  to  be  a  microbe  in  the  form  of  a  short 
rod-shaped  bacillus.  It  may  perhaps  be  legitimately  inferred  that  in 
the  rest  specific  microbes  are  the  infective  agents.  Several  of  these 
diseases  are  not  only  infective  but  infectious,  communicable,  that  is 
to  say,  from  person  to  person ;  some  are  capable  of  being  inoculated 
into  animals. 

The  virus  has,  to  begin  with,  a  local  seat,  where  it  acts  in  a  con- 
centrated form,  inducing  new-formation  of  tissue  and  inflammatory 
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phenomena.  The  new-formation  has  many  features  in  common  with 
that  of  inflammation,  but  it  has  also  certain  distinctive  or  specific 
features.  It  consists  chiefly  of  structures  analogous  to  granulation 
tissue,  not  simply,  as  in  inflammations,  replacing  a  part  of  the  normal 
tissue,  but  forming  more  or  less  independent  masses  which  resemble 
tumours.  Hence,  the  group  of  diseases  included  here  is  often  desig- 
nated Granulation-tissue  tumours.  Outside  these  more  specific  new- 
formations,  there  are  usually  the  ordinary  lesions  of  inflammation,  the 
virus  having  acted  in  a  less  concentrated  form. 

But  the  tissue  of  the  tumours  presents  certain  differences  from 
ordinary  granulation  tissue,  chiefly  in  its  tendencies.  The  granula- 
tion cells  tend  to  undergo  fatty  degeneration  and  necrosis,  and  so  the 
tissue  may  become  caseous  or  break  down.  At  the  same  time  there 
is  the  more  normal  tendency  to  undergo  development  into  connective 
tissue,  and  this  may  go  on  in  an  imperfect  way  alongside  the  other 
change.  Hence,  the  tumours  frequently  present  great  varieties  in 
structure,  and  it  is  sometimes  difficult  fully  to  unravel  their  relations. 

I. — SYPHILIS. 

Causation. — This  disease  is  due  to  an  infective  agent,  which  is 
asserted  to  be  a  bacillus,  discovered  by  Lustgarten.  This  bacillus 
has  special  reactions  to  staining  agents,  which  will  be  more  fully 
referred  to  in  the  section  on  Bacteriology.  The  disease  occurs  only 
in  the  human  subject,  being  transmitted  from  one  person  to  another 
by  contact. 


_  Fig.  78.—  Section  of  a  hard  chancre  of  the  lip  at  its  marginal  part.  The  granulation 
tissue  occupies  the  skin  under  the  epidermis,     x  75. 


Primary  lesion. — The  contagium  is  usually  applied  to  some  part 
of  the  external  generative  organs.     It  may  be  applied,  however,  to 
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some  other  part,  as  to  the  finger  (in  the  case  of  a  surgeon  examining 
a  part),  to  the  lip  (as  in  the  case  from  which  Fig.  78  is  taken),  to 
the  eyelid  or  other  external  part.  After  a  period  of  incubation, 
usually  extending  to  three  weeks  or  more,  it  begins  to  show  signs 
of  local  action.  This  is  in  the  form  first  of  a  papule  or  vesicle, 
which  acquires  a  hard  or  indurated  base,  and  so  takes  the  characters 
of  the  Indurated  or  Hunterian  chancre.  This  consists  of  a  raised 
surface,  whose  base  has  a  hard,  almost  cartilaginous  feeling.  Examined 
microscopically  it  is  found  that  the  true  skin  is  entirely  replaced  by 
granulation  tissue,  which  forms  a  bulky  mass  of  round  cells  over  which 
the  epidermis  may  be  continued  or  may  be  removed  in  some  parts. 
This  structure  may  be  regarded  as  inflammatory,  but  it  may  also  be 
regarded  as  a  kind  of  tumour,  and  may  be  taken  as  the  type  of  the 
syphilitic  tumour. 

In  its  less  common  seats  it  may  very  closely  resemble  another  form  of  tumour. 
Thus  a  chancre  of  the  lip  may  be  mistaken  for  an  epithelioma,  and  be  excised 
under  that  impression.  This  actually  occurred  in  the  case  from  which  "Fig.  78 
was  taken. 

The  tissue,  although  like  in  structure  to  granulation  tissue,  does 
not  readily  form  connective  tissue,  but  remains  long  in  the  rudi- 
mentary condition,  and  when  it  disappears  leaves  comparatively  little 
of  a  cicatrix.  On  the  other  hand,  it  sometimes  becomes  caseous,  but 
this  does  not  so  readily  occur  in  the  primary  lesion. 

The  virus  is  carried  from  the  indurated  chancre  by  the  lymphatics, 
and  lodges  in  the  neighbouring  lymphatic  glands,  where  it  again 
produces  similar  results,  namely,  a  great  production  of  ill-formed 
granulation  tissue  which  has  little  tendency  to  develop  into  proper 
connective  tissue,  but  readily  undergoes  an*  irregular  caseous  meta- 
morphosis.   The  glands  undergo  a  slow  enlargement  and  become  hard. 

Secondary  lesions. — These  are  due  to  the  fact  that  the  virus  passes 
from  its  local  seat  into  the  blood.  This  it  does  after  an  interval  of 
some  weeks  from  the  time  of  the  primary  lesion. 

The  virus  probably  reaches  the  blood  directly  from  the  primary  chancre,  as 
well  as  by  the  lymphatics,  but  a  certain  period  of  time  is  necessary  before  it 
reaches  the  blood  in  sufficient  quantity  to  produce  any  effect.  Lang  distinguishes 
in  syphilis  two  periods  of  incubation,  a  First  incubation  extending  from  the  time 
of  infection  to  the  appearance  of  the  primary  lesion,  and  a  Second  incubation 
between  the  primary  and  the  secondary  lesions.  The  first  incubation  has,  ac- 
cording to  the  statements  in  recorded  cases,  a  minimum  duration  of  ten  days, 
a  maximum  of  forty-two  days,  and  an  average  of  twenty-four  days.  The  second 
incubation  is  longer,  having  a  minimum  of  eight  to  fourteen  days,  a  maximum 
of  one  hundred  and  fifty-nine  days,  and  an  average  of  six  to  twelve  weeks. 

By  some  it  is  believed  that  the  induration  of  the  primary  lesion  is  itself  due 
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to  a  constitutional  infection,  and  they  cite  in  proof  of  this  the  fact  that  auto- 
inoculation,  from  an  indurated  chancre,  is  rarely  successful,  that  is  to  say,  the 
person  is  already  protected  by  the  primary  indurated  chancre  from  the  production 
of  another  chancre  by  inoculation.  It  is  to  be  observed,  however,  that  in  all 
such  cases  the  original  chancre  has  the  start  of  the  inoculation,  and  before  the 
period  of  incubation  of  the  inoculation  has  elapsed  there  may  be  time  for  the 
blood  to  have  been  saturated  with  the  virus.  It  is  admitted  that  auto-inoculation 
is  possible  when  done  early  enough.  It  seems  scarcely  possible  to  explain  the 
second  incubation  except  on  the  supposition  that  the  primary  lesion  is,  at  least 
relatively,  a  local  manifestation. 

When  an  agent  exists  in  the  blood  in  a  finely  divided  state  it 
will  be  carried  to  all  parts  of  the  body,  and  if  it  produces  lesions 
they  will  probably  be  symmetrical,  as  the  corresponding  parts  in 
each  lateral  half  of  the  body  are  for  the  most  part  in  similar  circum- 
stances, and  are  similarly  affected  by  any  agent  acting  equally  on 
them.  The  existence  of  symmetrical  lesions  is  presumptive  evidence 
that  a  disease  is  due  to  something  in  the  blood.  In  the  secondary 
stage  of  syphilis  then  we  have  the  virus  in  the  blood,  and  the  result 
is  symmetrical  lesions  of  the  skin,  mucous  membranes,  bones,  etc. 

These  secondary  lesions  are  inflammatory  in  character,  and  have 
generally  a  resemblance  to  those  of  ordinary  inflammations.  They 
are  most  frequent  in  the  skin,  and  so  we  have  syphilitic  Roseola, 
Eczema,  etc.,  but  other  parts  may  be  affected,  and  we  have  syphilitic 
Periostitis,  Pharyngitis,  etc.  It  is  a  question  to  what  extent  inflam- 
mations occur  in  internal  organs  in  this  stage;  according  to  Hutchinson 
they  are  more  frequent  than  is  generally  supposed,  but  are  rarely 
seen  because  persons  seldom  die  in  the  secondary  stage. 

The  secondary  stage  has  been  aptly  compared  with  the  eruptive 
stage  of  specific  fevers,  it  is  like  a  fever  long  drawn  out.  There  is 
in  both  cases  a  virus  in  the  blood,  and  in  syphilis  there  is  frequently 
elevation  of  temperature.  The  analogy  between  the  rash  of  secondary 
syphilis  and  that  of  measles,  scarlet  fever,  small-pox,  etc.,  is  also 
suggestive,  the  skin  affections  in  both  classes  of  cases  being  inflam- 
matory. During  this  stage,  then,  the  virus  is  active  in  the  blood, 
and  the  blood  and  secretions  are  contagious.  The  person  is  also  in 
the  position  of  transmitting  the  disease  to  the  offspring,  the  virus 
passing  into  the  germ  and  sperm  cells.  The  virus  dies  out  of  the 
blood  spontaneously,  just  as  in  the  specific  fevers,  and  the  various 
secondary  lesions  disappear,  generally  in  six  to  eighteen  months. 

In  this  secondary  stage  it  is  not  common  to  meet  with  tumours 
like  the  indurated  chancre.  They  are  characteristic  rather  of  the 
next  stage,  and  when  they  do  occur  in  this  stage  they  are  small  and 
accompanied  by  more  pronounced  inflammatory  manifestations. 


SYPHILIS. 


217 


A  certain  approach  to  the  formation  of  granulation  tissue,  however,  is  often 
seen  in  the  skin  and  mucous  membranes  during  the  secondary  stage  in  the 
form  of  mucous  tubercles  or  flat  condylomata.  These  are  flat  superficial  elevations 
of  the  skin  or  mucous  membranes,  usually  met  with  near  the  external  organs 
of  generation  and  the  anus,  or  in  the  mouth  and  the  pharynx. 

Tertiary  lesions. — These  are  chiefly  characterized  by  the  formation 
of  tumours  to  which  the  name  G-ummata  is  applied.  They  are 
composed  similarly  to  the  indurated  chancre,  of  granulation  tissue, 
but  in  them  the  process  is  much  more  chronic,  and  the  tissue  has  a 
much  greater  tendency  to  undergo  caseous  necrosis ;  it  is  also  accom- 
panied by  a  new-formation  of  connective  tissue. 

To  the  naked  eye  the  gumma  is  a  whitish  or  greyish  body,  com- 
monly with  a  yellow  caseous  appearance  in  its  central  parts,  or 
irregularly  distributed.  It  varies  in  size  ;  it  is  sometimes  as  small 
as  a  millet  seed,  in  which  case  it  is  usually  multiple,  but  it  is 
generally  much  larger,  and  may  attain  the  size  of  an  apple.  The 
tumour  is  not  generally  sharply  defined,  but  its  periphery  merges  in 
a  firm  connective  tissue  which  usually  extends  outwards  into  neigh- 
bouring structures,  so  that  the  tumour  appears  planted  in  the  midst 
of  a  cicatrix. 

Under  the  microscope  the  tumour  will  be  found,  as  in  Fig.  79,  to 
replace  a  certain  portion  of  the  normal  tissue.  The  central  caseous 
part  will  be  opaque  as  in  c,  Fig.  79.  Externally  the  tissue  is  more 
transparent  (b,  Fig.  79),  while  around  and  in  neighbouring  parts  of 
the  organ  there  is  new-formed  connective  tissue,  as  at  d  in  the 
figure. 

In  Fig.  80  the  appearances  seen  under  a  higher  power  are  shown, 
the  parts  taken  being  from  b  and  c  in  Fig.  80.  It  is  seen  that  the 
peripheral  portions  (Fig.  80  a)  of  the  tumour  present  innumerable 
round  cells  mixed  with  fibrous  tissue,  which  latter  is  often  very 
pronounced.  The  caseous  parts  are  opaque  and  present  fine  fat 
granules  with  shrunken  cells  and  nuclei  (Fig.  80  b). 

The  tumours  are  met  with  in  almost  all  the  tissues  of  the  body, 
skin,  mucous  membranes,  subcutaneous  tissue,  in  the  substance  of 
muscles  (as  in  the  tongue),  heart,  periosteum,  liver,  dura  mater,  soft 
membranes  of  the  brain,  cerebral  nerves,  etc.  The  name  gumma  does 
not  express  their  usual  consistence,  and  is  stated  to  have  been  first 
applied  to  the  periosteal  form. 

The  caseous  necrosis  leads  to  various  results,  according  to  the 
situation  and  circumstances  of  the  gumma.  If  the  tumours  have 
a  superficial  situation,  then  Ulceration  results,  and  we  have  a  deep 
excavated  ulcer  with  swollen  infiltrated  walls,  consisting  of  tissue  like 
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Fig.  79. — Gumma  of  liver.    Explanation  in  text,    x  16. 

a 


Fig.  80.— From  gumma  of  liver,  same  section  as  Fig.  79  ;  a,  taken  from  recent  part 
(b,  in  other  figure) ;  b,  from  caseous  (c).    X  350. 
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that  of  the  gumma,  and  with  the  same  tendency  to  degeneration,  so 
that  the  ulceration  extends.  As  the  tumour  involves  neighbouring- 
structures  which  undergo  necrosis  along  with  the  caseous  process  in 
the  tumour,  there  may  be  great  destruction  of  tissue  brought  about. 
In  internal  organs  the  caseous  material  may  long  lie  apparently  un- 
altered. The  gumma  may  be  virtually  healed,  its  granulation  tissue 
absorbed  or  converted  into  connective  tissue,  while  the  caseous  matter 
remains,  and  is  finally  left  in  the  midst  of  a  cicatrix  where  it  may 
become  calcified. 

We  have  still  to  inquire  what  may  be  the  relation  of  these  tertiary 
lesions  to  the  virus.  The  virus  no  longer  exists  in  the  blood,  and  in 
accordance  with  this  the  lesions  are  characteristically  unsymmetrical. 
The  most  probable  supposition  is  that,  after  the  close  of  the  secondary 
stage  some  of  the  virus  has  remained  lying  in  a  particular  part. 
Perhaps  a  small  gumma  has  formed,  and  the  virus  has  lain  in  it 
quiescent  but  still  surviving.  It  may  be  waked  up  by  some  accidental 
circumstance  in  the  life  of  the  patient,  at  any  period  afterwards, 
perhaps  as  long  as  twenty  years.  The  virus  propagates  itself,  but 
its  effects  are  local.  It  may  produce  a  tumour  of  large  size,  but  it 
does  not  pass  into  the  blood ;  and  does  not  produce  the  lesions  of 
the  secondary  stage.  It  has  been  matter  of  dispute  whether  a  ter- 
tiary gumma  is  an  infectious  lesion,  and  the  fact  that  the  blood  of 
the  patient  himself  does  not  become  infected  might  seem  to  answer 
the  question  in  the  negative.  It  is  to  be  remembered,  however,  that 
the  affected  person  already  possesses  an  immunity  by  having  passed 
through  the  secondary  stage.  The  gumma  is  probably  capable  of 
producing  syphilis  when  its  juices  are  brought  into  contact  with  the 
tissues  of  a  susceptible  person. 

While  the  conditions  described  as  characteristic  of  the  tertiary  stage  usually 
succeed  those  of  the  secondary  period,  it  should  be  understood  that  there  are 
great  variations  both  in  degree  and  order  of  occurrence.  The  secondary 
manifestations  may  be  greatly  prolonged,  and  the  tertiary  may  develop  to  some 
extent  coincidently.    The  seat  of  the  tertiary  lesions  varies  very  greatly. 

The  tertiary  stage  of  syphilis  is  often  in  its  later  period  associated 
with  Amyloid,  disease.  This  may  be  due  in  some  cases  to  chronic 
suppurations  induced  by  the  specific  lesions,  but  the  observations  of 
Fagge  show  that  it  is  not  always  so.  Of  76  cases  of  amyloid  dis- 
ease associated  with  syphilis  there  was  evidence  of  former  or  present 
bone  disease  only  in  34.  In  the  total  autopsies  in  cases  of  syphilis 
over  a  period  of  years,  amounting  to  177  cases,  amyloid  disease  was 
present  in  76  cases  or  43  J  per  cent. 
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The  absorption  of  a  gumma  may  be  promoted  by  the  administration  of  remedies. 
The  exact  process  by  which  this  is  brought  about  is  hardly  known,  but  there 
seems  to  be  a  simple  fatty  degeneration  with  absorption,  in  the  way  indicated 
in  the  section  on  fatty  degeneration. 

Syphilis  is  often  associated  with  a  condition  of  the  arteries  which 
will  come  up  for  discussion  further  on.  Wherever  there  is,  as  so 
frequently  happens,  a  considerable  formation  of  granulation  tissue 
passing  into  connective  tissue,  the  arteries  take  part  in  the  inflam- 
mation, and  we  have,  especially,  thickening  of  the  internal  coat, 
sometimes  going  on  to  complete  obliteration  of  the  calibre  of  the 
vessel.     (See  Fig.  81.)     This  is  sometimes  very  strikingly  seen  in 


Fig.  SI.— Syphilitic  affection  of  meninges  and  brain.  b,  b,  Arteries  showing 
thickening  of  internal  coats. 


the  neighbourhood  of  gummata,  and  by  diminishing  the  blood-supply, 
it  may  contribute  to  the  degeneration  of  the  gumma.  It  may  also 
lead  to  degenerations  in  parts  around,  as  where  softening  of  the 
brain  occurs  in  connection  with  gummata. 

Hereditary  syphilis. — We  have  already  seen  that  syphilis,  in  the 
secondary  stage  at  least,  may  be  transmitted  to  the  offspring.  In  the 
acute  period  death  often  occurs  in  utero,  or  the  child  sickens  soon 
after  birth  and  dies  within  a  few  weeks.  But  it  often  happens  that 
the  children  do  not  show  any  evidence  of  syphilis  for  months  or 
years.  In  this  way  we  may  distinguish  cases  of  congenital  syphilis 
from,  cases  of  simple  hereditary  syphilis,  the  former  being  born  with 
syphilitic  lesions,  the  latter  developing  them  afterwards. 
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In  Congenital  syphilis  the  most  constant  and  unequivocal  lesion 
is  the  affection  of  the  bones,  which  will  be  considered  afterwards. 
In  this  condition  there  is  an  error  in  the  process  of  ossification,  with 
inflammatory  conditions. 

In  Hereditary  syphilis  the  lesions  are,  like  those  of  the  secondary 
stage,  mainly  inflammatory.  There  are  inflammations  of  the  skin, 
mucous  membranes,  cornea,  etc.  The  characteristic  malformation  of 
the  teeth  which  Hutchinson  has  pointed  out  seems  related  to  inflam- 
mation of  the  mucous  membrane  of  the  gums  during  the  development 
of  the  teeth. 

Literature. — The  author,  in  describing  the  general  pathology  of  syphilis,  has 
followed  chiefly  Hutchinson  and  Virchow.  Hutchinson,  On  Syphilis,  1887,  and 
Debate  on  Syphilis,  Path,  trans.,  vol.  xxvii.,  1876;  see  also  other  speakers  in  this 
debate;  Virchow,  Krankhafte  Geschwiilste,  ii.,  p.  393;  Lang,  Path,  und  Therap. 
der  Syphilis,  1884;  Kicord,  Traite  prat,  cles  malad.  ven.,  1838;  Lancereaux, 
Traite  hist,  et  pratique  de  la  syphilis,  1866;  Hilton  Fagge,  Medicine,  vol.  i., 
p.  109,  and  Path,  trans.,  vol.  xxvii.;  Kassowitz,  Die  Vererbung  der  syphilis 
in  Strieker's  Med.  Jahrb.,  1875,  p.  359  ;  Fournier,  Lecons  sur  la  Syphilis,  1881 ; 
Van  Harlingen,  International  Encycl.  of  Surgery,  vol.  ii.,  1882.  Bacillus  of 
Syphilis — Lustgarten,  Med.  Jahrb.  d.  Wien  Gesellsch.  der  Aerzte,  1885.  Since 
the  publication  of  Lustgarten' s  observations  many  have  observed  the  bacillus, 
but  some  authors  have  not  found  it  and  others  have  stated  that  it  exists  in  the 
normal  smegma  of  the  prepuce.  This  controversy  is  chiefly  in  the  pages  of  the 
Deutsche  Med.  Wochensch.    See  also  Bitter,  Virchow's  Arch.,  cvi.,  1886. 

II.  TUBERCULOSIS. 

Tuberculosis  is  an  infective  disease  in  which  the  tissue-changes 
are  due  to  the  action  of  a  specific  virus  or  infective  agent.  As  in 
the  case  of  syphilis  there  is  always  a  local  or  primary  lesion,  but 
the  infective  agent  does  not  usually  extend  to  the  blood  and 
infect  distant  parts  of  the  body.  On  the  other  hand  the  local  lesion 
is,  for  the  most  part,  a  constantly  extending  one,  infecting  neigh- 
bouring parts  till  the  death  of  the  person,  which  is  usually  brought 
about,  directly  or  indirectly,  by  the  tubercular  process. 

Causation. — While  tuberculosis  is  due  to  a  specific  virus,  there 
are  undoubtedly  conditions  of  the  body  which  predispose  certain 
persons  to  its  action.  Considering  that  this  virus  is  very  largely 
present  in  nearly  all  inhabited  places,  it  must  be  apparent  that  most 
people  are  exposed  to  its  action,  and  yet  only  a  limited  number  of 
persons  become  affected.  The  predisposition  is  frequently  the  result 
of  inheritance.  It  has  been  abundantly  proved  to  be  so  in  the  case 
of  the  commonest  form  of  tuberculosis,  namely  that  of  the  lungs, 
but  not  so  obviously  in  other  forms.    Inheritance  determines  a  local 
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predisposition  usually  in  one  organ  or  system  (see  ante),  but  when 
a  tuberculosis  is  once  established  in  the  body,  it  is  not  uncommon 
to  find  it  extend  by  one  path  or  other  to  other  organs,  even  without 
there  being  evidence  of  a  general  extension  by  the  blood. 

The  Bacillus  of  tubercle  is  the  essential  agent  of  infection.  This 
is  a  microbe,  consisting  of  minute  threads,  each  measuring  in  length 
about  two-thirds  of  the  diameter  of  a  red  blood-corpuscle.  The 
thread  contains  small  rounded  bodies  or  spores.    (See  Fig.  82.)  The 


the  cultivated  products.    (See  section  on  Bacteriology.) 

The  tubercle-bacillus  grows  slowly  and  only  at  a  temperature  ap- 
proaching to  that  of  the  living  body.  We  may  therefore  infer  that 
it  does  not  to  any  appreciable  extent  multiply  except  in  the  body, 
as  the  conditions  will  seldom  be  favourable,  as  regards  soil  and 
temperature,  unless  these  are  carefully  arranged  for  experimental 
purposes.  On  the  other  hand,  the  bacilli,  and  especially  the  spores, 
are  very  resistant  to  external  influences,  so  that  they  retain  their 
vitality  under  adverse  circumstances,  and  are  ready  to  begin  growth 
when  they  obtain  a  fitting  locale.  The  bacilli  and  spores  survive 
even  when  dried,  and  they  may  be  suspended  in  the  air  and  carried 
as  dust,  ready  to  deposit  on  surfaces  or  to  be  inhaled  during 
respiration.  Tuberculosis  is  not  commonly  produced  by  direct 
communication  by  contact  between  person  and  person,  in  this  respect 
contrasting  with  syphilis. 

The  bacilli  in  themselves,  consisting  of  minute  threads,  cannot  be 
supposed  to  have  much  effect  upon  the  tissues.  They  produce  their 
results  by  means  of  irritant  products  which  they  evolve.  These  pro- 
ducts are  present  in  cultures  of  the  bacillus,  and  are  separable  from 


bacillus  is  present  in 
somewhat  varying  degrees 
of  abundance  in  different 
tubercular  lesions,  but  it 
has  been  met  with  in  all 
form  of  tuberculosis. 


Fig.  82. — Tubercular  bacillus  prepared  from  sputum  in 
phthisis  pulmonalis.    X  1500. 


The  connection  of  the 
bacillus  with  tuberculosis 
and  the  essential  identity 
of  the  various  forms  of 
the  disease  have  been 
proved  by  the  cultivation 
of  the  microbe  outside  the 
body,  and  by  the  results 
obtained   by  inoculating 


TUBERCULOSIS. 


223 


the  microbe  itself.  The  so-called  tuberculin,  which  Koch  introduced 
for  the  treatment  of  tuberculosis,  is  a  glycerine  extract  of  such  cul- 
tures. It  is  an  exceedingly  active  agent,  an  extraordinarily  minute 
dose  introduced  hyperdermically  inducing  serious  general  symptoms. 

The  minimum  dose  of  Koch's  fluid  is  one  gramme  of  a  fluid  which  has  been 
thrice  diluted  to  the  extent  of  10  times.  The  gramme  thus  contains  yttuis  °*  a 
gramme  of  the  original  fluid,  or  about  of  a  minim.  Koch  calculates  that  the 
original  fluid  contains  about  1  per  cent,  of  the  essential  principle,  and  the 
minimum  dose  will  therefore  contain  TTFoVo¥  °f  *,ne  essential  principle  or  of 
a  grain.  Such  a  small  quantity  as  this,  in  a  person  who  is  already  tuberculous, 
often  sends  the  temperature  up  rapidly  and  produces  marked  local  disturbance. 

These  products,  evolved  by  the  bacilli  in  the  living  body,  have 
somewhat  various  effects.  The  resulting  lesions  are  in  part  specific 
new-formations,  which  are  called  tubercles,  and  in  part  the  more  usual 
results  of  ordinary  inflammation.  These  two,  the  more  specific  and 
the  more  ordinary  lesions,  are  generally  both  present,  but  the  one  or 
the  other  may  exist  alone. 

The  infective  nature  of  tuberculosis  does  not  rest  alone  on  the  facts  connected 
with  the  bacillus ;  it  was  inferred  long  before  the  discovery  of  this  micro-organism. 
The  most  direct  proof  consisted  in  the  production  of  tuberculosis  by  the  inoculation 
of  tubercular  material  in  animals.  This  was  first  demonstrated  by  Villemin  in 
1865,  and  was  repeatedly  confirmed  by  many  observers,  among  whom  may  be 
mentioned  Lebert,  Waldenburg,  Klebs,  Cohnheim,  Tappeiner,  Bollinger,  before 
the  discovery  of  the  bacillus  in  1882.  Tuberculosis  may  be  readily  produced  in 
animals,  and  the  material  used  may  be  tubercular  products  obtained  from  post- 
mortem examinations  or  otherwise,  the  sputum  of  patients  suffering  from  phthisis 
pulmonalis,  or  artificial  cultures  of  the  bacillus.  The  disease  has  been  induced 
by  inoculation  (Cohnheim,  Koch,  Baumgarten),  by  inhalation  (Tappeiner),  and 
by  feeding  (Wesener,  Bollinger). 

As  an  example  of  the  mode  of  inoculation  and  its  results  we  quote  the  following 
from  Koch's  work  on  the  Etiology  of  Tuberculosis  (Sydenham  Society's  trans- 
lation, 1886).  It  recounts  the  effects  of  inoculating  fragments  of  tissue  from 
various  organs  in  cases  of  human  tuberculosis,  such  as  from  the  lungs  in  phthisis, 
from  strumous  joints,  scrofulous  glands,  lupus,  and  from  tuberculosis  in  various 
animals. 

"  The  inoculation  was  effected  by  making  a  small  incision  in  the  abdominal 
wall  of  a  guinea-pig  with  the  scissors,  inserting  the  point  of  the  scissors  to  form 
a  pocket-like  subcutaneous  wound,  about  half  a  centimetre  deep.  Into  this  little 
pocket  a  fragment  of  the  inoculation  substance  about  the  size  of  a  millet  or 
mustard-seed  was  pushed  as  deeply  as  possible.  On  the  following  day  the  inocula- 
tion wound  was  always  united,  glued  together,  and  showed  no  reaction.  Generally 
it  was  not  till  after  a  couple  of  weeks  that  a  visible  swelling  of  the  lymphatic 
glands  next  the  seat  of  inoculation  occurred,  usually  the  inguinal  glands  on 
one  side,  and  at  the  same  time  induration  and  the  development  of  a  nodule  took 
place  in  the  inoculation  wound,  which  up  till  then  had  remained  perfectly  healed. 
After  this  the  lymphatic  glands  enlarged  rapidly,  frequently  to  the  size  of  a 
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hazel-nut.  The  nodule  at  the  seat  of  inoculation  then  generally  broke  and 
became  covered  with  a  dry  crust,  beneath  which  was  a  flat  ulcer  with  a  cheesy 
floor  discharging  very  slightly.  The  animals  began  to  lose  flesh  about  this  time, 
their  coat  became  bristly,  dyspnoea  set  in,  and  they  died  generally  between  the 
fourth  and  eighth  weeks,  or  they  were  killed  within  the  same  space  of  time." 

Tuberculosis  has  been  induced  or  observed  in  nearly  all  the  commoner  warm- 
blooded animals,  and  according  to  Koch  no  bird  or  mammal  is  capable  of  permanently 
resisting  infection.  Animals  show,  however,  very  different  degrees  of  suscepti- 
bility, and  in  similar  degrees  they  are  variously  liable  to  spontaneous  tuberculosis. 
Rabbits,  guinea-pigs,  cattle,  and  apes  are  peculiarly  susceptible.  Carnivorous 
animals  are  much  less  so,  but  according  to  Macfadyean  (Brit.  Med.  Jour.,  1891, 
II.,  1173),  spontaneous  tuberculosis  is  more  common  in  dogs  than  is  commonly 
supposed.  In  any  given  class  of  animals  the  individuals  show  varying  susceptibility 
just  as  in  the  case  of  man. 

The  infective  character  of  tuberculosis  is  also  to  be  inferred  from  the  spreading 
character  of  the  lesion,  to  be  now  described. 

Contagiousness  of  tuberculosis. — As  the  tubercle-bacillus  from  its 
mode  of  growth  is  propagated  only  in  the  animal  body,  except  as 
a  laboratory  experiment,  the  disease  must  be  contracted  more  or  less 
directly  by  contagion.  According  to  Cornet  the  great  source  of  con- 
tagion is  the  dust  formed  when  tuberculous  products,  and  especially 
the  sputum  of  phthisical  persons,  is  allowed  to  become  dry  and  is 
pulverized.  This  author  asserts  that  even  strong  persons  are  suscep- 
tible when  exposed  to  such  dust.  It  is  thus  by  an  intermediate 
process  that  infection  usually  occurs.  Direct  infection  is  rare.  One 
of  the  most  obvious  cases  of  the  latter  is  afforded  by  the  chronic 
thickenings  or  warts  to  which  pathologists  are  liable  from  infection 
at  post-mortem  examinations. 

It  is  apparent  that  if  the  bacillus  could  be  entirely  got  rid  of  in  the  community 
the  disease  would  necessarily  cease.  This  can  only  be  effected  by  a  system  of 
isolation  along  with  disinfection  of  discharges.  The  facts  that  about  one- seventh  of 
the  deaths  in  the  community  are  due  to  tuberculosis,  and  that  probably  not  less 
than  one-half  of  the  persons  born,  are  fated  to  acquire  the  disease  in  some  form, 
ought  surely  to  justify  such  precautions.  In  this  connection  it  is  of  importance 
to  note  that  leprosy,  under  a  system  of  rigid  isolation,  almost  disappeared 
from  Europe,  and  this  surely  affords  a  presumption  in  favour  of  similar  precau- 
tions in  the  case  of  tuberculosis,  which  however  can  be  carried  out  without  any 
such  cruel  seclusion  as  in  the  case  of  lepers. 

Inheritance  of  tuberculosis. — While  inheritance  plays  a  very  im- 
portant part  in  the  predisposition  to  tuberculosis,  it  has  not  yet  been 
proved  that,  in  man,  tuberculosis  is  ever  communicated  from  parent 
to  offspring,  although  there  are  a  few  cases  recorded  in  infants  which 
may  have  been  congenital.  This  is  consistent  with  the  fact  that  the 
bacilli  do  not  readily  pass  through  membranes.    Johne  has  recorded 
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a  case  of  congenital  tuberculosis  in  a  calf  whose  mother  was  affected 
with  severe  tuberculosis  of  the  lungs.  In  the  calf  the  tuberculosis 
was  situated  in  the  liver,  portal  glands,  and  bronchial  glands,  the 
infection  having  been  by  the  umbilical  veins  in  the  placenta.  (Referred 
to  by  Birch-Hirschfeld.) 

Character  of  the  lesion. — The  typical  lesion  in  tuberculosis  is  the 
so-called  miliary  tubercle,  and  it  is  this  which  was  referred  to  above 
as  being  the  specific  product  of  the  action  of  the  virus. 

The  miliary  tubercle  is  a  minute  rounded  body  (Fig.  83)  composed 
of  cells  and  devoid  of  blood-vessels.  A  single  tubercle  is  scarcely 
visible  to  the  naked  eye, 
but,  by  the  confluence  of 
several  there  may  be  larger 
nodules  formed,  and  even, 
by  the  concurrence  of  vast 
numbers  in  successive  gene- 
rations, large  masses.  At 
first  sight  the  tubercle 
seems  composed  simply  of 
round  cells,  but  closer  in- 
spection shows  usually 
three  forms  to  be  present. 
The  most  peculiar  and 
typical  is  the  Giant-cell, 
which  in  the  early  stages 
is  nearly  a  constant  con- 
stituent. It  is  a  large 
body  (seen  in  the  middle  in 

Fig.  83)  presenting  at  its  margin  radiating  processes,  especially  at  its 
poles,  and  containing  numerous  oval  nuclei,  usually  arranged  in  a  row 
near  the  periphery  of  the  cell.  The  giant-cell  is  generally  near  the  centre 
of  the  tubercle,  but  may  be  considerably  removed  from  this  position. 
There  are  frequently  several  in  one  tubercle.  The  second  constituents, 
the  Epithelioid  cells,  are  smaller  than  the  giant-cells  and  possess  one 
nucleus,  but  are  still  of  considerable  size.  They  are  like  the  similar 
cells  in  the  inflammatory  new-formation.  They  surround  the  giant- 
cell  and  in  their  general  appearance  somewhat  resemble  it.  Ordinary 
round  cells  or  leucocytes  form  the  third  constituents  and  they  are 
variously  abundant  according  to  circumstances.  They  belong  chiefly 
to  the  multinuclear  variety  of  leucocytes  and  the  nuclei  stain  deeply. 
They  are  present  at  first  at  the  periphery,  and  may  be  regarded  as 
representing  the  ordinary  inflammatory  products,  which  are  commonly 


Fig.  83. — Tubercle  showing  constituents.  A  giant-cell 
is  in  the  middle,  and  a  smaller  one  lower  down.  Epithe- 
lioid cells  form  the  rest  of  the  tubercle  except  at  the 
margins,  where  leucocytes  are  present. 
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seen  in  the  tissue  around.    The  giant-cells  and  epithelioid  cells  seem  I 
to  be  the  essential  constituents  of  tubercles,  and  in  perfectly  recent 
examples  they  may  be  almost  the  only  ones.     They  are,  according  j 


Fig.  84.— Photograph  of  a  tubercle  from  the  synovial  membrane  with  two  giant- 
cells,    x  120. 

to  Baumgarten,  the  immediate  products  of  the  action  of  the  tubercle 
bacilli,  the  leucocytes  being  the  ordinary  result  of  inflammation. 

Baumgarten,  from  a  very  elaborate  series  of  experimental  studies,  has  described 
the  Origin  of  the  various  constituents  of  the  tubercle,  and  their  relation  to  the  bacilli. 
When  bacilli  invade  a  tissue,  the  fixed  cells  of  the  tissue,  those  of  epithelium 
as  well  as  of  connective  tissue,  first  show  evidences  of  change.  They  are  induced 
to  proliferate  by  the  bacilli  which  may  be  in  their  substance  or  in  their  neighbour- 
hood. The  nuclei  of  these  cells  show  karyokinetic  figures,  and  both  giant- cells 
and  epithelioid  cells  result  from  the  changes  in  the  fixed  cells  of  the  tissues. 
In  the  case  of  the  giant-cell  the  nuclear  division  goes  on,  but  the  cell  division 
does  not  ensue,  there  being  thus  a  kind  of  arrest  of  development.  By  this  process 
a  rounded  tubercle  arises  which  is  composed  entirely  of  giant-cells  and  epithelioid 
cells.  But  the  neighbouring  blood-vessels  are  affected  by  the  virus,  and  from 
them  an  emigration  of  leucocytes  occurs.  The  leucocytes  are  at  first  outside  the 
large-celled  tubercle,  but  penetrate  into  it,  and  may  convert  it  into  a  small-celled 
or  lymphoid  tubercle.  This  transformation  may  be  rapid  or  slow,  its  course 
depending  on  the  number  and  energy  of  the  bacilli.  If  the  latter  are  abundant 
and  vigorously  propagating,  or  if  they  are  accompanied  by  other  foreign  microbes, 
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then  the  production  of  leucocytes  may  be  very  great,  and  the  tubercles  rapidly 
pass  into  the  small-celled  condition.  This  may  occur  so  rapidly  that  the  large- 
celled  condition  may  be  almost  omitted.  Hence  it  is  where  the  bacilli  are 
comparatively  few  and  the  cultivation  pure  that  the  large-celled  non-inflammatory 
tubercle  is  most  typically  seen. 

Bodies  having  a  structure  similar  to  that  of  tubercles  may  be  produced  by  the 
presence  of  small  foreign  bodies  (rabbit  hairs,  Baumgarten  ;  particles  of  stone, 
Hamilton),  but  in  all  such  cases  the  lesions  have  not  an  infective  character. 
A  more  near  approach  to  the  true  tubercle  is  met  with  in  Actinomycosis,  where 
the  presence  of  a  microbe  has  the  effect  of  producing  results  not  unlike  those 
of  tuberculosis  (see  Actinomycosis). 

The  typical  tubercle,  as  here  described,  is  not  infrequently  difficult 
of  recognition  in  actual  cases.  Inflammatory  processes  occurring 
around  and  invading  it,  obscure  its  structure,  and  the  tubercle  itself 
is  prone  to  degenerative  changes. 

Caseous  necrosis  or  Caseation  is  the  most  characteristic  change  in 
tuberculosis.  As  already  described  this  change  consists  in  necrosis 
with  fatty  degeneration  of  the  structures.  It  manifests  itself  in  a 
granular  condition  of  the  cells,  whose  nuclei  disappear.  The  result 
is  an  obscuration  of  the  structure,  and  the  replacement  of  it  by  a 
homogeneous  structureless  and  somewhat  opaque  material.  This 
change  usually  begins  in  the  central  parts  of  the  tubercles  and  pro- 
duces an  opacity  there,  but  it  is  liable  to  overtake  the  whole  structure. 
Indeed,  it  extends  to  the  parts  around,  so  that  the  tissue  which  is 
merely  infiltrated  with  inflammatory  products  is  frequently  involved 
in  the  caseation.  Hence,  when  the  process  has  overtaken  a  consider- 
able portion  of  tissue,  the  structure  may  be  much  obscured.  This 
process  in  the  rapidity  and  completeness  of  its  occurrence  depends 
on  the  abundance  and  vigour  of  the  bacilli.  Where  they  are 
numerous  and  where  consequently  there  is  much  infiltration  with 
leucocytes,  caseation  is  rapid  (Baumgarten).  The  caseous  material 
so  produced  is  a  yellow,  brittle  substance,  which  resembles  cheese 
in  its  appearance.  So  characteristic  is  this  result  of  tuberculosis  that 
caseation  is  almost  equivalent  to  the  older  term  Tuberculization,  and 
caseous  matter  to  Crude  or  Yellow  tubercle. 

In  very  acute  cases  we  may  have  an  approach  to  ordinary  necrosis 
or  sloughing,  or  at  least  an  acute  softening. 

The  process  of  caseation  is  to  be  related  to  the  action  of  the  virus.  It  is  a 
necrosis  due  to  the  toxic  action.  Some  have  endeavoured  to  account  for  the 
caseation  by  the  absence  of  vessels  in  the  tubercles.  But  much  larger  pieces 
of  matter  may  be  kept  alive  in  the  body  without  the  intervention  of  vessels, 
such  as  free  bodies  in  the  joints  or  abdomen.  Besides,  the  caseation  extends 
beyond  the  tubercles  to  the  tissue  around,  which  is  vascular. 
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Fibrous  transformation  is  a  much  more  unusual  change  in  tubercles, 
and  occurs  only  where  the  process  is  very  chronic  and  the  bacilli 
very  few.  While  some  tubercles  undergo  caseation,  others,  and  along 
with  them  the  surrounding  tissue,  develop  fibrous  tissue  like  that  in 
chronic  inflammation. 

Softening  is  the  usual  result  of  caseation.  The  caseous  matter, 
although  it  may  remain  for  a  time  unaltered,  in  most  cases  ultimately 
liquefies  or  breaks  down.  The  result  is  the  formation  of  a  Cavity  or 
Ulcer.    (See  Fig.  85.)    It  is  to  be  remembered  that,  as  the  caseation 


Fig.  85.— Tubercular  ulcer  of  intestine.  The  rounded  form  of  the  tubercles  around 
the  ulcer  (a)  is  seen,  some  of  them  breaking  up  the  muscular  coat  (6)  ;  one  (d)  outside 
this  coat,  and  beneath  the  peritoneum,    x  16. 


involves  not  only  the  tubercles  but  the  surrounding  tissue,  the  cavity 
or  ulcer  is  associated  with  an  absolute  loss  of  tissue.  The  walls  of 
the  ulcer  are  tubercular,  and  the  disease  usually  continues  advancing, 
so  that  the  ulcer  or  cavity  enlarges. 

On  the  other  hand,  the  caseous  matter  may  accumulate  without 
softening,  and  we  may  have  considerable  masses  of  it,  such  as  we 
find  in  the  brain  and  in  the  lymphatic  glands.  In  course  of  time 
the  caseous  matter  may  be  partly  absorbed,  or  may  undergo  Cal- 
careous infiltration. 

Scrofula  and  Struma. — These  terms  are  used  to  designate  conditions  of  the 
lymphatic  glands,  which  are  now  generally  recognized  as  tubercular.  They 
will  be  described  in  their  proper  places.     The  terms   have   been  somewhat 
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indefinitely  extended  so  as  to  include  affections  of  joints,  bones,  skin,  and  other 
structures,  but  such  affections  are  nearly  all  really  tubercular. 

Local  Tuberculosis. — Wc  have  already  seen  that  tuberculosis  is 
always,  to  begin  with,  a  local  affection,  due  to  the  implantation  of 
bacilli  in  the  living  tissue,  and  it  may  be  added  that,  even  when  it 
becomes  generalized,  the  secondary  lesions  are  due  to  the  multipli- 
cation of  bacilli  transplanted  from  the  primary  seat,  the  growth  of 
the  microbe  occurring  not  in  the  blood  but  in  the  local  seat.  Hence 
the  description  already  given  applies  to  the  local  process  however 
originating. 

The  bacillus  finds  access  to  the  body  by  various  channels.  The 
most  common  seats  of  tuberculosis  are  in  direct  communication  with 
the  surfaces  of  the  body.  The  commonest  seat  of  all  is  the  Lungs, 
and  entrance  is  here  obtained  with  the  inspired  air.  Next  to  the 
lungs  the  Lymphatic  glands  are  most  frequently  affected,  and  in 
the  case  of  children  they  are  perhaps  more  frequently  the  seat  of 
tuberculosis  than  the  lungs.  The  lymphatic  glands  which  are 
attacked,  are  in  communication  either  with  the  skin  or  a  mucous 
membrane,  and  there  are  frequently  catarrhs  or  other  forms  of 
inflammation  in  the  tissue  with  which  the  affected  glands  are  related. 
The  bacilli  may,  however,  find  their  way  from  surfaces  which  are 
unaltered.  The  glands  most  frequently  affected  are  those  of  the 
neck,  communicating  with  the  mouth  ;  of  the  mesentery,  communi- 
cating with  the  intestines  ;  and  of  the  bronchi,  communicating  with 
the  lungs.  The  skin  may  be  directly  attacked  by  tuberculosis,  the 
resulting  conditions  being  described  as  Lupus  or  Scrofuloderma. 

While  these  more  direct  modes  of  entrance  obtain  in  the  majority 
of  cases,  there  remain  a  large  number  in  which  the  access  is  more 
circuitous.  In  some  of  these  the  tuberculosis  is  due  to  a  secondary 
extension  from  a  tubercular  lymphatic  gland.  It  is  thus  that  many 
cases  of  tuberculosis  of  Serous  membranes  arise.  But  in  a  consider- 
able number  of  cases,  the  bacilli  can  only  have  found  access  by  the 
blood.  The  blood  is  not  infrequently  the  vehicle  by  which  small 
solid  particles  are  conveyed,  and  we  may  suppose  that  a  few  bacilli 
accidentally  present  may  be  deposited  in  the  tissues,  and,  in  the 
case  of  a  susceptible  organ,  may  multiply  and  produce  a  tuberculosis. 
This  applies  to  tuberculosis  of  the  Bones,  which  is  very  frequent  in 
children,  and  which  often  begins  in  the  vertebras,  or  in  the  cancellous 
tissue  at  the  extremities  of  the  long  bones.  The  Brain  is  also  liable 
to  primary  tuberculosis,  especially  in  children.  Tuberculosis  of  the 
Urino-genital  system  begins  very  frequently  in  the  testicle,  and  the 
bacilli  are  carried  thither  by  the  blood. 
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Extension  of  local  tuberculosis. — A  tuberculosis  once  established 
in  a  locality  presents  usually  a  tendency  to  indefinite  extension. 
Tuberculosis  is  generally  a  slow  process,  and  the  extension  is  also 
chronic.  The  extension  is  to  the  immediately  neighbouring  parts, 
by  direct  infiltration,  or,  more  commonly,  by  the  lymphatics  or 
along  surfaces  and  canals.  The  process  of  extension  is  usually 
stopped  by  the  intervention  of  a  membrane,  as  the  bacilli  seem  not 
to  be  possessed  of  the  power  of  penetrating  membranes  unless  there 
is  first  a  necrosis  of  them.  Thus,  tuberculosis  of  lymphatic  glands 
does  not  pass  through  the  capsule  unless  the  latter  have  been 
perforated  by  necrosis  ;  and  tuberculosis  of  the  lungs  rarely  extends 
to  the  pleura  unless  there  be  actual  perforation  of  that  membrane. 

Extension  by  the  lymphatics  is  very  frequent  and  characteristic. 
Tubercles  often  form  in  the  course  of  the  lymphatic  vessels  connected 
with  tubercular  organs,  as  well  as  in  the  lymphatic  glands.  In 
phthisis  pulmonalis,  for  example,  there  are  tubercles  in  the  substance 
of  the  lung  seated  in  the  lymphatic  vessels,  while  the  bronchial 
glands  are  also  the  seat  of  tuberculosis. 

The  extension  along  surfaces  and  canals  is  exemplified  chiefty  in 
serous  and  mucous  membranes.  A  tuberculosis  occurring  in  the 
pleura,  pericardium,  or  peritoneum  extends  over  the  entire  surface 
of  these  membranes.  Tuberculosis,  in  communication  with  mucous 
canals,  frequently  travels  considerable  distances,  involving  the  surface 
more  or  less  continuously,  but  penetrating  deeply  to  a  very  slight 
extent.  Thus,  tuberculosis  of  the  lungs  is  frequently  associated 
with  tuberculosis  of  the  bronchial  mucous  membrane,  of  the  mucous 
membrane  of  the  trachea  and  larynx,  and  of  the  intestine  (from 
swallowing  the  expectoration).  Again,  tuberculosis  of  the  genito- 
urinary organs  frequently  begins  in  the  testicle.  From  this  it  may 
extend  the  whole  length  of  the  vas  deferens  to  the  vesiculse  seminales 
and  urinary  bladder,  and  sometimes  up  the  ureter  to  the  kidney. 

It  may  here  be  remarked  that  in  artificial  cultures,  the  tubercle- 
bacillus  grows  on  the  surface  of  the  medium,  and  does  not  penetrate 
into  its  substance.    (See  section  on  Bacteriology.) 

While  tuberculosis  does  not  readily  penetrate  deeply,  still  in 
vascular  organs  a  few  bacilli  will  occasionally  reach  the  blood, 
passing  either  directly  into  the  vessels  of  the  part,  or  indirectly  by 
the  lymphatics.  These  may  settle  in  predisposed  situations,  and 
give  rise  to  secondary  tubercular  lesions  in  several  different  centres. 
This  condition  has  been  called  by  Weigert  "  chronic  general  tuber- 
culosis." When  a  few  bacilli,  thus  at  intervals,  find  entrance  to  the 
blood,  the  lesions  will  usually  be  comparatively  few.    These  secondary 
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lesions  run  a  chronic  course,  and  may  sometimes  rival  the  primary 
tuberculosis  in  size  and  effect  on  the  body.  There  may  thus 
be  a  number  of  considerable  tubercular  lesions  in  different  organs, 
and  the  case  frequently  looks  like  one  in  which  several  local 
tuberculoses  are  simultaneously  present.  This  form  of  disease  is  most 
frequently  seen  in  children,  whose  tissues  seem  more  susceptible  to 
the  tubercle  bacilli  in  smaller  numbers  than  those  of  adults.  In  them 
we  may  find  tubercular  masses  simultaneously  in  lungs,  kidneys, 
brain,  etc. 

Effects  of  local  tuberculosis. — The  process  of  tuberculosis,  as 
already  described,  involves  destruction  of  tissue,  and  in  many  cases 
ulcers  and  cavities  are  the  result.  The  destruction  of  tissue  may 
itself  involve  serious  consequences,  as  in  the  case  of  the  bones 
and  of  the  brain,  in  which  latter  position  the  tubercular  mass  also 
acts  as  a  tumour,  pressing  on  the  brain  substance  around.  Most  of 
the  evil  consequences,  however,  arise  in  connection  with  ulceration 
and  formation  of  cavities.  The  surfaces  thus  produced  discharge 
and  use  up  the  available  nutritious  material  of  the  body.  Such 
processes  are,  therefore,  accompanied  by  Emaciation.  Even  more 
potent  in  the  production  of  general  emaciation  is  Fever,  which  com- 
monly accompanies  tuberculosis.  Fever  in  general  is  produced  by 
the  presence  of  foreign  matter  in  the  blood  (see  further  on).  In 
tuberculosis  the  bacilli  do  not  produce  fever  directly,  as  they  are 
not  present  in  the  blood,  but  their  products  are,  in  a  dilute  form. 
In  the  case  of  discharging  surfaces,  again,  there  will  commonly  be 
putrid  and  other  forms  of  decomposition  in  the  matter  discharged, 
and  the  absorption  of  the  products  will  still  further  conduce  to 
fever. 

General  tuberculosis. — This  term  is  used  in  contradistinction  to 
local  tuberculosis,  to  designate  a  condition  in  which  the  tuberculosis 
has  not  one  but  many  centres  to  which  the  virus  has  been  carried 
by  the  blood.  It  has  been  pointed  out  above  that  tuberculosis  has 
little  tendency  to  penetrate  deeply,  preferring  to  extend  along  open 
channels  or  surfaces.  Hence,  the  disease,  for  the  most  part,  remains 
local.  When  conveyed  into  the  blood,  the  bacilli  may  or  may  not 
settle  down  and  multiply.  This  will  depend  on  the  number  and 
vigour  of  the  bacilli,  and  the  resisting  power  of  the  tissues.  If 
they  are  present  in  large  numbers,  as  where  a  local  lesion  bursts 
into  a  blood-vessel,  then  they  are  planted  in  many  organs,  and 
produce  their  usual  effects,  namely,  the  formation  of  tubercles  and 
inflammation.  Hence,  in  general  tuberculosis  we  have  what  is 
equivalent  to  a  multitude  of  local  tuberculoses. 
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For  the  most  part  the  disease  is  a  very  acute  one,  hence  the  names 
Acute  general  tuberculosis  and  Acute  miliary  tuberculosis.  There 
is  a  simultaneous  and  wide-spread  eruption  of  tubercles  in  several 
organs.  The  tubercles  have  the  usual  structure,  but  they  are  present 
in  vast  numbers  in  the  lungs  (see  Fig.  86),  liver,  spleen,  kidneys,  some- 


Fig.  86. —Photograph  of  a  section  of  lung  in  a  case  of  acute  general  tuberculosis. 
A  tubercle  has  formed  inside  an  artery. 


times  in  the  meninges,  lymphatic  glands,  supra-renal  capsules,  etc.  The 
author  has  seen  them  in  the  heart-wall  and  endocardium.  According 
to  Tripier  the  bacilli  may  settle  on  the  valves  and  produce  an  acute 
tubercular  endocarditis,  in  his  case  of  the  mitral.  The  tubercles  often 
show  their  relation  to  the  circulation  by  their  connection  with  the 
blood-vessels.  In  the  lungs  they  are  very  frequently  grouped  around 
the  smaller  arteries,  and  may  even  form  in  the  internal  wall  of  the 
artery,  projecting  into  its  calibre.  This  is  shown  in  Figs.  86  and  87, 
and.  such  an  appearance  is  not  uncommon.  The  disease  is  an  acute 
febrile  one,  fatal  in  a  few  weeks,  and  the  individual  tubercles  are 
small  in  size,  each  local  formation  being  little  more  than  a  single 
miliary  tubercle.  They  are  often  so  small  as  to  be  only  detectable 
by  the  aid  of  the  microscope,  especially  in  the  liver,  where  they  are 
present  in  almost  incredible  numbers. 

The  simultaneous  outbreak  of  numerous  tubercular  lesions  implies 
that  in  a  short  interval  the  blood  has  received  large  numbers  of 
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bacilli.  In  some  cases  the  bacilli  have  been  detected  in  the  blood 
during  life  (Weichselbaum),  and  not  infrequently  after  death. 

This  overloading  of  the  blood  with  bacilli  can  only  occur  when 
tuberculosis  has  extended  so  as  to  involve  the  wall  of  a  still  pervious 
vessel  of  some  size,  so  that  the  bacilli  may  find  free  access  to  the 


Fig.  87. — Photograph  of  a  tubercle  in  the  wall  of  a  small  artery  in  acute  general 
tuberculosis.    Two  giant-cells  in  the  midst  of  the  tubercle,    x  100. 

blood.  Acute  general  tuberculosis  has  been  found  associated  with 
tuberculosis  of  the  thoracic  duct,  of  the  pulmonary,  splenic,  portal, 
hepatic,  and  other  veins.  The  extension  may  also  occur  from  lym- 
phatic glands  directly  into  the  blood-vessels  of  these  glands  (Koch). 

This  solution  of  the  problem  of  acute  general  tuberculosis  was  first  suggested 
by  Ponfick,  who  observed  tuberculosis  of  the  thoracic  duct  in  a  case  of  this 
disease.  Weigert  has,  in  a  large  proportion  of  cases,  found  the  source  of  the 
general  infection  in  the  extension  to  pervious  veins,  and  he  asserts  that  in 
most  cases  such  a  source  will  be  found  if  diligent  search  be  made.  The  pul- 
monary vein  is  that  most  frequently  involved,  and  it  is  so  in  about  half  the 
cases.  In  a  case  observed  by  the  author,  in  which  the  primary  tuberculosis 
affected  the  lung,  a  branch  of  the  pulmonary  vein,  the  size  of  a  crow  quill, 
presented  in  its  wall  an  elongated,  yellow,  caseous  layer,  somewhat  resembling 
a  thin  localized  thrombus.  The  surface  was  smooth  and  there  was  no  layer 
of  fibrine  between  it  and  the  calibre  of  the  vessel  which  was  here  uninterrupted, 
except  by  the  slight  projection  of  the  yellow  mass.  Tubercle  bacilli  were  found  in 
large  numbers  in  this  yellow  structure,  extending  to  its  internal  aspect.  Bacilli 
were  also  found  in  the  blood  and  in  the  miliary  tubercles  in  lungs,  liver,  etc. 

Literature. — General   Works — Bayle,  Becherches  sur  la  phthisie  pulmonaire, 
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1810;  L^ennec,  Traite  de  l'ausoult.  med.,  etc.,  1819;  Waldenburg,  Tuberkulose,  etc., 
1869;  Virchow,  Geschwiilste,  vol.  ii.,  1864-65;  Discussion  on  pulmonary  phthisis 
in  relation  to  tubercle  of  lung,  Path.  Soc.  trans.,  1873.  Inoculation  and  Tubercle 
bacillus — Villemin,  Du  tubercle  au  point  de  vue  de  son  siege,  etc.,  1862 ;  and 
Etudes  sur  la  tuberculose,  1868;  Langhans,  Die  Uebertragung  der  Tuberk.,  1868; 
Klebs,  Virch.  Archiv,  vols,  xliv.,  xlix.,  etc. ;  Tappeiner,  Virch.  Archiv,  vols,  lxxiv. 
and  lxxxii. ;  Cohnheim,  Die  Tuberkulose  vom  Standpunkt  der  Infectionslehre, 
1880 ;  Sanderson,  Eesearches  on  artificial  tuberculosis,  1869 ;  Koch,  The  Etiology 
of  tuberculosis,  Syd.  Soc.  trans.,  1886 ;  Baumgarten,  Many  papers,  and  Tuberkel 
und  tuberkulose,  1885;  Weichselbaum,  Deutsche  med.  Wochenschr.,  1884;  Johne, 
Die  Geschichte  d.  Tuberkulose,  1883;  Karg  (Post-mortem  tubercles),  CentralbL 
f.  Chir.,  1885,  No.  32.  Anatomy  and  mode  of  extension — Virchow,  Geschwiilste, 
vol.  ii.,  1864-65;  Bindfleisch,  Path.  Histology,  Syd.  Soc.  transl.,  1872;  Langhans, 
Virch.  Archiv,  vol.  xlii. ;  Schuppel,  Lymphdriisentuberkulose,  1871;  Buhl, 
Lungenentzundung,  etc.,  1872;  Koster,  Virch.  Arch.,  vol.  xlviii.  ;  Baumgarten, 
Tuberkel  und  Tuberkulose,  1885 ;  Hamilton,  On  the  path,  of  bronchitis,  etc., 
1883;  Friedlander,  Volkmann's  Klin.  Vort.,  No.  64;  Guterbock  (Lupus),  Virch. 
Arch.,  vol.  liii.  General  Tuberculosis — Ponfick,  Berl.  Klin.  Wochenschr.,  1877; 
Zahn,  Virch.  Arch.,  vol.  lxxvi.,  1879;  Weigert,  ibid.,  vol.  lxxvii.,  and  Deutsch. 
Med.  Woch.,  1883  and  1885;  Tripier,  Arch,  de  med.  experimental,  1890. 


TUBERCULOSIS  IN  ANIMALS. 

It  has  been  already  mentioned  that  tuberculosis  has  been  communicated  to 
a  large  number  of  animals  by  inoculation,  and  that  probably  all  warm-blooded 
animals  are  susceptible.  As  a  spontaneous  disease  it  occurs  in  many  domestic 
animals.  In  these  the  lesions  observed  are  similar  to  those  in  man,  consisting 
in  tubercles  formed  by  giant-cells  and  epithelioid  cells  with  varying  proportions 
of  leucocytes.  There  are,  however,  certain  minor  variations  in  structure  in  certain 
animals.  Bacilli  presenting  all  the  characters  of  the  tubercle  bacillus  have  been 
found  in  the  affected  structures.  For  practical  purposes  the  most  important 
form  is  that  which  occurs  in  cattle. 

Bovine  tuberculosis. — Tuberculosis  is  exceedingly  common  in  cattle.  It  is  a 
suggestive  fact  that,  according  to  Nocard,  in  stall  cattle,  about  eight  or  nine 
out  of  every  ten  are  tuberculous,  while  amongst  the  young  who  have  not  yet 
been  stalled  there  are  eight,  nine,  or  even  ten,  out  of  every  ten  which  are  not 
tuberculous.  These  facts  were  ascertained  by  the  employment  of  Koch's  tuberculin 
to  diagnose  the  disease  in  the  living  animals.  Considering  the  close  relation 
between  cattle  and  the  food  of  man,  both  in  regard  to  milk  and  butcher  meat, 
these  facts  are  very  important. 

The  structures  most  frequently  affected  are  the  serous  membranes — the  pleura 
and  peritoneum  especially — and  the  lungs,  but  the  disease  often  extends  to  lym- 
phatic glands,  alimentary  canal,  liver,  spleen,  nervous  system,  etc.  In  the  serous 
membranes  the  tubercles  are  aggregated  into  considerable  nodules,  frequently  as 
large  as  lentils.  They  are  attached  to  the  surface  of  the  membrane  or  else 
supported  on  villous  projections  from  the  surface.  (See  Fig.  88.)  There  may 
be  massive  projections  of  these  nodules  hanging  from  the  pleura  or  peritoneum. 
From  the  size  of  the  nodules  and  their  white  appearance  they  have  been  com- 
pared to  pearls,  and  the  name  Perlsucht  has  been  used  in  Germany  for  the 
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serous  form  of  the  disease.  In  internal  organs  we  have  also  comparatively  large 
rounded  nodules,  and  sometimes  considerable  infiltrations. 

The  nodules  in  bovine  tuberculosis  are  peculiarly  prone  to  calcification.  The 
calcification  is  probably  always  preceded  by  caseation,  but  the  latter  may  be  so 
rapidly  overtaken  by  the  calcareous  infiltration  as  to  be  masked.  According 
to  some  authors,  tuberculosis  may  be  communicated  to  calves  and  to  man  by 
the  milk  of  tuberculous  cows.  It  is  said  also  that  bacilli  have  been  detected 
in  the  milk. 


Fig.  88.— A  piece  of  lung  in  bovine  tuberculosis.    On  surface  of  lung  many  rounded 
tumours  are  seen,  some  pendulous.  (Virchow.) 

Tuberculosis  in  horses  somewhat  resembles  that  in  cattle,  there  being  usually 
pearl  nodules  on  the  peritoneum.  There  may  be  also  numerous  nodules  in  internal 
organs,  and  these  are  said  to  be  more  like  those  in  human  miliary  tuberculosis. 
Tuberculosis  in  horses  is  said  to  be  sometimes  mistaken  for  sarcoma ;  it  is  not 
of  common  occurrence. 

In  swine  tuberculosis  is  a  frequent  disease.  It  resembles  bovine  tuberculosis 
in  its  general  characters  as  well  as  in  its  tendency  to  calcification. 

Tuberculosis  is  very  common  in  monkeys,  in  which  animals  it  usually  begins 
in  the  lungs,  but  is  apt  to  extend  to  other  organs  in  the  form  of  chronic  general 
tuberculosis,  so  as  to  form  numerous  comparatively  large  foci,  which  usually  break 
down  and  produce  cavities. 

Tuberculosis  in  fowls. — This  disease  is  due  to  a  bacillus  which  closely  resembles 
the  ordinary  tubercle  bacillus,  but  differs  in  its  appearance  in  cultures  and  in 
its  virulence  in  different  animals.    (See  in  Section  on  Bacteriology.) 

Literature. — For  an  account  of  the  various  forms  of  tuberculosis  in  animals  see 
Koch,  Etiology  of  Tuberculosis,  Syd.  Soc.  transl.,  1886 ;  and  Johne,  in  Birch- 
Hirschf eld's  Lehrbuch  d.  path.  Anat.,  where  a  full  statement  of  the  literature 
is  given  ;  see  also  Baumgarten,  1.  c. ;  Creighton,  Bovine  tuberc.  in  man,  1881. 
Nocard,  Congres  pour  1' etude  de  la  tuberculose,  iii.,  1893,  and  Ann.  de  l'lnstitut 
Pasteur,  1892;  Maffucci  (Fowl  tuberculosis),  Zeitsch.  f.  Hygiene,  vol.  xi.,  1892. 
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III. — LEPROSY  OR  LEPRA. 

This  disease  was  at  one  time  spread  over  the  whole  of  Europe, 
but  is  now  limited  to  certain  localities  in  Norway,  Russia,  Iceland, 
and  the  coast  of  the  Mediterranean.  It  is  still  somewhat  prevalent 
in  Asia,  especially  India,  Japan,  and  China  ;  in  Africa,  where  it  is 
very  prevalent  in  Egypt,  Abyssinia,  and  the  Islands  of  the  East 
Coast ;  and  in  America,  especially  in  the  West  India  Islands  and 
Mexico.    (See  Hirsch,  "Greograph.  Path.,"  vol.  ii.,  p.  1.) 

Causation. — The  disease  is  generally  regarded  as  hereditary,  but 
a  considerable  number  of  cases  of  contagion  have  been  observed. 

The  question  of  contagion  as  a  cause  of  leprosy  has  been  till  lately  an  undecided 
one.  But  recently  several  cases  of  communication  to  Europeans,  evidently  by 
contagion,  have  been  published,  one  in  which  it  was  communicated  by  vaccination. 
A  final  demonstration  of  contagion  has  been  furnished  by  the  inoculation  of  a 
condemned  criminal  at  Honolulu  by  Dr.  Arning.  The  inoculation  was  successful, 
but  the  period  of  incubation  was  very  prolonged.  It  is  probable  that  the  incu- 
bation may  extend  over  several  years,  and  if  this  be  so,  it  will  be  frequently 
very  difficult  to  trace  the  source  of  contagion.  The  reality  of  contagion  has 
received  its  final  demonstration  in  the  case  of  Father  Damien,  a  Catholic  priest 
who  ministered  to  a  leper  colony  and  contracted  the  disease,  of  which  he  died 
in  1889.  The  researches  of  Thin  seem  to  show  that  leprosy  was  introduced 
into  Italy  about  the  time  of  Christ,  and  that  it  spread  thence  into  the  countries 
of  Northern  and  Western  Europe.  Within  a  few  centuries  it  had  spread  to 
such  an  extent  and  excited  such  disgust  and  terror,  that  the  populations  were 
roused  to  drive  the  lepers  from  their  midst.  They  were  now  gathered  into 
'  lazar-houses,'  and  otherwise  isolated.  With  the  adoption  ^  of  these  measures 
leprosy  began  to  disappear,  and  soon  became  almost  extinct  in  the  principal 
countries  of  Europe. 

The  Leprosy  bacillus  somewhat  resembles  the  tubercle  bacillus, 
and  can  be  stained  by  similar  methods.  But  it  can  also  be  stained 
by  methods  to  which  the  tubercle  bacillus  does  not  react.  Its 
cultivation  is  very  difficult,  but  is  said  to  have  been  accomplished 
on  peptone  glycerine  serum.  It  is  also  stated  to  have  been  success- 
fully inoculated  in  animals,  and  in  man  there  is  the  successful  case 
of  inoculation  referred  to  above.  The  bacillus  is  present  in  quite 
enormous  numbers  in  the  lesions  in  the  skin  in  leprosy.  It  presents 
itself  in  the  interior  of  round  cells  (the  lepra  cells  of  Virchow)  which 
are  considerably  larger  than  leucocytes.  (See  Fig.  89.)  These  cells 
are  to  some  extent  the  endothelium  of  the  vessels,  but  other  fixed 
connective-tissue  cells  apparently  act  as  phagocytes  to  the  leprosy 
bacillus.  The  bacilli  are  so  numerous  as  to  suggest  that  the  charac- 
teristic cutaneous  swellings  may  be  in  part  due  to  the  actual  bulk 
of  the  bacilli. 
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Character  of  the  lesions.— The  disease  occurs  in  two  forms  which 
are  designated  Lepra  tuberculosa  and  Lepra  ansesthetica.    In  the 

first  the  new-formation  has  its  seat  in  the  skin  or  mucous  membrane  ; 
in  the  second  it  is  the  nerves  which  are  affected.  The  tubercular 
form  is  sometimes  called  Elephantiasis  grsecorum. 


Fig.  90.— Leprosy.  The  face  shows  nodular  swell- 
ings, especially  on  nose,  eyebrows,  lips,  chin,  and 
ears.  Patient  had  also  a  large  ulcer  on  right  leg,  and 
a  small  one  on  left.  (Virchow.) 


Tubercular  leprosy  occurs  mainly  in  the  skin,  but  extends  also  to 
mucous  membranes.  The  skin  of  the  face  and  hands  are  the  parts 
most  affected,  and  the  legs  if  they  are  exposed.  Of  the  mucous 
membranes,  those  of  the  mouth  and  larynx  are  often  involved.  The 
disease  also  extends  to  the  lymphatic  glands.  In  the  skin  there 
appear  larger  or  smaller  swellings,  at  first  red  or  bluish  in  colour, 
which  become  firmer  and  harder.  These  tubercles  may  reach  the 
size  of  a  hazel  nut  or  a  walnut.  They  consist  of  granulation  tissue 
in  which  cells  of  various  sizes  have  replaced  the  cutis  vera.  These 
cells  contain  the  bacilli.  As  in  other  granulation  tumours,  we  often 
have  ulceration,  or,  as  in  the  case  of  lupus,  there  may  be  cicatrization 
without  ulceration.  By  the  formation  of  the  swellings  and  cicatriza- 
tion, great  deformities  frequently  result,  so  that  the  patients  have 
often  a  peculiarly  hideous  appearance,  the  face  being  knobbed  and 
gnarled  (Fig.  90). 

Nerve  leprosy  is  characterized  by  the  stems  of  the  peripheral  nerves 
becoming  the  seat  of  spindle-shaped  swellings,  sometimes  of  consider- 
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able  length.  The  granulation  tissue  here  is  in  the  interstitial  con- 
nective tissue,  so  that  the  nerve-fibres  are  separated  and  compressed. 
The  new-formation  sometimes,  but  rarely,  extends  to  the  membranes 
of  the  spinal  cord  or  brain. 

The  nerve  affection  leads  to  neuralgias  and  to  conditions  of  the 
skin  which  are  related  to  the  interruption  of  the  conductivity  of 
the  nerves.  Localized  patches  of  anaesthesia  occur.  There  are  patches 
in  which  the  colour  varies,  being  darker  or  paler  than  normal.  In 
the  older  patches,  the  central  parts  are  mostly  pale  (white  leprosy). 
Deep  ulcerations  sometimes  follow,  not  infrequently  leading  to  separa- 
tion of  the  fingers  or  toes.  No  bacilli  have  been  found  in  these 
peripheral  lesions,  they  are  simply  the  result  of  the  interference  with 
the  nerves. 

In  leprosy  there  are  sometimes  tumours  formed  in  internal  organs, 
but  this  is  very  rare. 

Literature. — For  a  historical  account  see  Hirsch,  Handbook  of  hist,  and  geograph. 
path.,  Syd.  Soc.  transl.,  vol.  ii. ;  see  also  Virchow,  Geschwiilste,  vol.  ii. ;  Gull, 
Guy's  Hosp.  Eep.,  1859  ;  Carter,  Med.  Chir.  trans.,  lvi.,  and  Path,  trans.,  xxvii. ; 
Hansen,  Virch.  Arch.,  vol.  lxxix.,  Neisser,  Ziemssen's  Handb.  d.  Spec.  Path.,  vol. 
xiv.,  and  Virch.  Arch.,  vols,  lxxxiv.  and  ciii. ;  also  Neisser  and  Cornil  et  Suchard, 
in  translated  essays,  New  Syd.  Soc,  1886.  Contagion — Monro,  Etiology  and  Hist, 
of  leprosy;  Besnier,  Acad,  de  Med.,  Oct.  11,  '87;  Gairdner,  Brit.  Med.  Jour.,  1887, 
i.  1269,  ii.  799,  1055,  and  1119 ;  Thin  on  Leprosy,  a  full  account  of  history,  path- 
ology, etc.,  London,  1891;  Arning's  case,  Brit.  Med.  Jour.,  1888,  ii.,  1171;  Bevan 
Bake,  Various  reports  of  Leper  Hosp.,  Trinidad;  Hutchinson,  Archives  of  Surg., 
i.-iii. 

IV.  ELEPHANTIASIS  ARABUM. 

This  disease,  which  is  called  elephantiasis  arabum  to  distinguish  it 
from  E.  grsecorum,  which  is  true  leprosy,  is  often  simply  designated 
Elephantiasis,  sometimes  also  Pachydermia. 

Causation. — The  disease  is  endemic  in  certain  localities  in  India, 
China,  Egypt,  Arabia,  the  islands  of  the  Pacific,  etc.,  chiefly  in  places 
within  a  short  distance  of  the  sea.  It  obviously  depends  on  some 
morbid  poison,  but  the  nature  of  it  has  not  been  discovered.  The 
disease  begins  in  an  acute  inflammation  of  the  skin,  accompanied  by 
fever,  and  somewhat  resembling  erysipelas.  These  attacks  pass  off 
and  recur,  the  disease  ultimately  subsiding  into  a  more  chronic  con- 
dition. These  are  conditions  which  can  only  be  produced  by  a 
morbid  poison  acting  on  the  tissues  locally  and  probably  sending 
off  products  into  the  blood  so  as  to  induce  fever.  The  fact  that 
no  secondary  lesions  occur  at  a  distance  is  an  indication  that  the 
virus  itself  does  not  reach  the  blood.  The  disease  attacks  chiefly 
the  native  races,  but  no  race  is  exempt  from  it. 
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Character  of  the  lesion. — The  lesion  consists  of  an  enormous 
hypertrophy  of  the  tissues  of  the  skin.  The  cutis  vera  is  thickened, 
the  papillae  are  enlarged,  and  the  epi- 
dermis is  thickened.  In  the  earlier 
periods  the  new-formed  tissue  is  some- 
what cellular,  and  throughout  it  is 
succulent  and  cedematous.  The  disease 
occurs  chiefly  in  the  lower  extremities 
and  external  genital  organs,  but  some- 


Fig.  91.  —  Elephantiasis  affecting 
scrotum,  legs  and  arms.  (After  photo- 
graph by  Turner.) 

times  attacks  the  upper  extremities. 
In  the  lower  extremities  it  produces 
an  extraordinary  irregular  thickening 
of  the  skin,  which  has  a  folded  and 
bagged  appearance,  like  that  of  the 
legs  of  an  elephant.  (See  Fig.  91.) 
In  the  genital  organs  it  produces  tum- 
ours which  sometimes  grow  to  a  mas- 
sive size ;  tumours  have  been  excised 
which  weighed  over  100  pounds,  and  which  hung  down  so  as  to  reach 
below  the  knees.  (See  Fig.  91.)  Sometimes  the  tumour  is  not  entirely 
made  up  of  hypertrophied  skin,  but  a  proper  isolated  tumour  is  found 
internally.  This  was  so  in  a  case  observed  by  the  author.  In  the 
legs  the  new-formation  may  extend  inwards  to  the  fasciae,  the  inter- 
muscular tissue,  periosteum,  and  bone.  The  accompanying  Fig.  92 
shows  how  the  bone  may  be  the  seat  of  new-formation. 


Fig.  92. — Hyperostosis  and  syn- 
ostosis of  the  bones  of  the  leg  and 
foot  in  elephantiasis.  The  bones 
present  everywhere  flat  or  pointed 
projections.  At  +  H — f-  the  tibia 
and  fibula  are  united,  as  they  are 
also  above  the  ankle-joint.  The 
astragalus  and  os  calcis  are  also 
united.  (Virchow.) 
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Sometimes  there  is  great  dilatation  of  the  lymphatic  vessels.  It  is  asserted 
that  the  disease  may  develop  from  so-called  lymph-scrotum,  and  Manson  has 
inferred  that  elephantiasis,  like  lymph-scrotum,  depends  on  the  filaria  sanguinis. 
(See  under  Parasites.)    The  author  does  not  regard  this  inference  as  warranted. 

Literature. — Virchow,  Geschwiilste,  vol.  i.;  Esmarch  und  Kulenkampff,  Die 
elephantiastischen  Formen,  1885 ;  Carter,  On  Leprosy  and  Elephantiasis,  1874 ; 
Turner,  Amputation  of  scrotum  for  Elephantiasis,  Glasg.  Med.  Jour.,  1882,  vol.  i. 
(with  photographs). 

V.  GLANDERS. 

This  disease  is  met  with  chiefly  in  horses,  but  is  occasionally 
communicated  to  man.  The  name  Farcy  is  sometimes  given  to  the 
disease  when  the  skin  and  lymphatic  system  are  specially  engaged. 

Causation. — The  disease  has  been  shown  by  Lofner  and  Schlitz  to 
depend  on  a  bacillus  which  resembles  the  tubercle  bacillus  in  form, 
but  does  not  contain  spores  and  requires  different  methods  of  staining. 
(See  in  section  on  Bacteriology.) 

Character  of  lesion. — The  disease  in  horses  manifests  itself  first  in 
the  formation  of  swellings  of  the  mucous  membrane  or  skin,  consisting 
of  granulation  tissue.  The  nasal  mucous  membrane  is  generally  first 
attacked,  and  there  is  either  a  diffuse  infiltration  of  it  or  else  a  more 
localized  series  of  swellings  like  those  of  lupus.  From  this  seat  the 
disease  spreads  to  neighbouring  lymphatic  glands,  also  along  the 
mucous  membrane  to  the  lungs  and  intestinal  tract.  The  skin  also 
becomes  the  seat  of  lesions. 

The  granulation  tissue  here,  even  more  than  in  the  other  infective 
tumours,  tends  to  break  down,  so  that,  as  a  rule,  ulcers  soon  form, 
which  present  a  great  tendency  to  spread.  These  ulcers  arise  by 
what  is  virtually  a  suppurative  process,  and  if  the  tumours  are 
situated  deep  in  the  skin  or  mucous  membrane  there  may  be  actual 
abscesses,  which,  by  bursting,  form  ulcers.  If  the  ulcers  heal,  cicatrices 
are  formed  in  the  usual  way. 

The  manifestations  in  internal  parts  are  largely  inflammatory  in 
character.  The  lymphatic  glands  of  the  neck  are  the  seat  of  inflam- 
matory swelling.  In  the  lungs  there  are  nodules  either  consisting  of 
granulation  tissue  with  caseous  central  parts,  or  more  distinctly 
pneumonic.  There  are  also  in  the  mucous  membrane  of  the  intes- 
tinal canal  nodules  which  are  sometimes  solid,  at  other  times  breaking 
down  into  pus. 

The  above  description  applies  to  the  acute  cases,  which  are  the 
commoner,  but  the  disease  is  sometimes  chronic  in  its  course.  Chronic 
cases  have  usually  the  nodules  in  the  skin,  and  there  are  secondary 
tumours  in  the  muscles,  etc. 
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In  man,  glanders,  which  occurs  occasionally  in  persons  engaged 
about  horses,  is  usually  an  acute,  rapidly  fatal  disease.  There  are 
nodules  and  ulcers  in  the  mucous  membranes  and  the  skin,  and 
frequently  phlegmonous  inflammation  of  the  skin  with  abscesses 
among  the  muscles,  etc.  In  fact,  in  man  the  disease  takes  the  in- 
flammatory character  more  distinctly  than  in  the  horse.  We  may 
have  in  man  also  nodules,  ulcers,  and  abscesses  in  internal  organs. 
Sometimes  the  abscesses  in  the  lungs,  kidneys,  etc.,  cause  the  disease 
to  resemble  pyaemia.  At  other  times  the  juices  from  the  ulcers  in 
the  nose  or  mouth  being  inhaled,  may  give  rise  to  lesions  like 
those  of  phthisis  pulmonalis. 

Chronic  glanders  in  man  is  characterized  by  ulcers  in  the  mucous 
membranes  of  fauces,  bronchi,  etc.,  and  in  the  skin.  There  may  be 
■caseating  nodules  in  internal  organs. 

Literature. — Virchow,  Geschwiilste,  vol.  ii. ;  Bollinger,  Ziemssen's  Handb.,  vol. 
iii. ;  Loffler  und  Schutz,  .Deutsche  Med.  Wochenschr.,  Dec.  1882. 

VI.  ACTINOMYCOSIS. 

This  disease  is  prevalent  in  cattle  in  whom  it  was  first  recognized  as 
parasitic  by  Bollinger.  It  has  been  observed  in  man  in  a  considerable 
number  of  cases. 

Causation. — As  the  name  implies,  the  disease  is  due  to  a  microbe, 
whose  botanical  position  and  life-history  have  not  been  fully  made 
out.  It  consists  of  short  threads,  arranged  in  a  radiating  fashion, 
many  springing  from  a  common  centre.  The  threads  are  usually 
clubbed  at  their  outer  extremities,  but  they  are  not  always  so. 
They  are  united  in  the  centre  of  the  clump  by  a  matted  mass  of 
fibres.  The  little  masses  thus  form  peculiar  radiating  bodies  of  a 
globular  or  oval  form,  having  a  somewhat  glandular  aspect.  From 
the  radiating  arrangement  the  fungus  is  called  the  Kay-fungus  or 
Actinomyces  (olktls,  a  ray).  The  individual  clumps  are  of  very  small 
size,  not  visible  to  the  naked  eye,  but  they  may  be  united  into  larger 
masses  as  the  heads  in  a  cauliflower.  These  larger  masses  appear 
.as  small  yellow  sulphur-coloured  grains  in  the  discharges  and  new- 
formations,  giving  the 'characteristic  indications  of  the  disease. 

Character  of  lesion. — Whether  in  animals  or  man  each  fungus- 
head  constitutes  a  centre  of  irritation,  and  granulation  tissue  forms 
around  it.  By  coalescence  there  are  formed  bulky  masses  of  granula- 
tion tissue.  There  is  no  tendency  to  caseation,  but  rather  to  forma- 
tion of  pus  on  the  one  hand  and  cicatricial  tissue  on  the  other.  The 
disease  usually  presents  itself  in  cattle  in  the  form  of  bulky  round 
tumours,  which  are  mostly  in  the  neighbourhood  of  the  jaws,  but  may 
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be  in  any  part  of  the  body.  These  tumours  usually  contain  a  yellow- 
pus  in  which,  and  in  the  granulation  tissue  which  lines  them,  the 
fungus-heads  are  found.  In  man  there  is  a  more  extended  formation 
of  granulation  tissue,  and  more  of  a  suppurative  character. 

The  fungus  seems  to  find  entrance  chiefly  through  the  mouth, 
and  the  disease  has  its  primary  seat  about  the  jaws,  in  the  respiratory 
tract,  or  in  the  alimentary  canal. 

In  Actinomycosis  of  the  face  and  neck,  the  fungus  has  obtained 
entrance  by  breach  of  surface  in  -  the  mouth,  usually  in  connection 
with  carious  teeth,  so  that  the  commencement  is  usually  in  connection 
with  the  jaw.  There  is  a  formation  of  granulation  tissue  around  the 
jaw,  usually  the  inferior  maxilla,  extending  to  parts  around.  The 
process  is  a  chronic  one,  and  by  degrees  the  lesion  extends  to  the 
surface.  Abscesses  form  which  discharge  and  leave  fistulous  openings. 
Sometimes  the  new-formation  extends  to  the  vertebrae  or  base  of  the 
skull,  especially  when  the  upper  jaw  had  been  the  starting  point. 

The  respiratory  organs  may  be  the  primary  seat.  There  may  be 
a  superficial  actinomycosis,  producing  simply  a  suppurative  bronchitis. 
More  usually  the  fungus  is  in  the  substance  of  the  lung,  giving  rise 
to  chronic  condensations  and  indurations,  in  isolated  patches.  These 
enlarge  and  coalesce,  and  they  often  break  down  so  as  to  form  cavities. 
The  process  is  a  chronic  one  and  somewhat  resembles  that  in  phthisis 
pulmonalis,  but  differs  in  respect  that  it  does  not  usually  attack  the 
apices  of  the  lungs.  The  disease  is  apt  to  involve  the  pleura  and  the 
neighbouring  pericardium.  It  not  infrequently  extends  to  the  bodies 
of  the  vertebrae,  causing  them  to  become  carious.  There  is  here  a 
slow  inflammatory  process  with  exuberant  granulations  and  suppura- 
tion. The  abscess  may  reach  the  surface  by  a  course  similar  to  that 
of  a  tubercular  abscess  of  bone. 

The  alimentary  canal  is  more  rarely  the  primary  seat  of  actino- 
mycosis. There  are  nodules  and  ulcers  formed  and  the  disease  extends 
to  the  peritoneum,  leading  to  the  formation  of  granulation  tissue  and 
abscesses  in  the  cavity  of  the  peritoneum.  There  may  be  perforation 
of  the  bladder,  intestine,  or  abdominal  wall. 

Madura  foot,  or  Mycetoma,  a  disease  in  which  the  tissues  are 
penetrated  by  sinuses,  is  regarded  by  some  authors  as  a  form  of 
Actinomycosis. 

In  some  cases  the  fungus  gets  into  the  blood  and  is  disseminated 
in  various  organs.  In  that  case  there  are  abscesses  produced  and 
the  disease  is  like  a  chronic  pyaemia. 

Literature. — Bollinger,  Centralbl.  f.  d.  med.  Wissensch.,  1877,  No.  27 ;  Ponfick, 
Die  Actinomycose  des  Menschen,  1882  ;  Israel,  Actinomycosis  in  man,  Syd.  Soc, 
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1886 ;  Shattock,  Path,  trans.,  vol.  xxxvi. ;  Acland,  ditto,  vol.  xxxvii.  An 
exhaustive  account  of  Actinomycosis  is  given  by  Bostroem  in  Ziegler's  Beitrage, 
vol.  ix.,  1891;  Kanthack  (Madura  foot),  Journ.  of  Path.,  i.,  1892;  Boyce  and 
Subveyor,  Phil,  trans.,  vol.  185,  1894. 

VII.   MALIGNANT  LYMPHOMA  OR  HODGKIN'S  DISEASE. 

The  exact  relations  of  this  disease,  or  group  of  diseases,  are  some- 
what obscure.  In  many  respects  it  presents  the  characters  of  the 
infective  tumours,  and  on  the  other  hand  it  is  related  to  leukaemia, 
this  latter  disease  sometimes  presenting  most  of  the  organic  lesions 
of  Hodgkin's  disease.  By  some  leukaemia  is  also  included  amongst 
the  specific  new-formations.  The  uncertainty  as  to  the  nature  of  the 
disease  may  be  inferred  from  an  enumeration  of  the  names  applied 
to  it.  Besides  the  above  we  have  Adenia,  Pseudo  -  leukaemia, 
Lymphosarcoma,  Malignant  lymphadenoma,  Malignant  aleukemic 
lymphadenoma,  and  Anaemia  lymphatica.  The  disease  is  accompanied 
by  marked  anaemia  and  dropsy,  but  there  is  no  increase  of  leucocytes 
in  the  blood.    Fever  is  present  in  some  cases. 

We  include  here  cases  in  which  there  is  first  an  enlargement  of 
a  group  of  glands,  and  a  subsequent  extension  to  other  groups,  fol- 
lowed in  many  cases  by  a  further  extension  to  the  spleen  and  liver, 
and  even  to  other  structures.  This  is  the  disease  described  by 
Hodgkin  and  properly  designated  by  his  name.  It  is  an  infective 
disease  having  some  analogies  with  tuberculosis,  but  limiting  itself 
much  more  to  the  lymphatic  system. 

The  disease  begins  with  a  local  enlargement  of  a  certain  group  of 
lymphatic  glands,  frequently  those  of  the  neck,  but  it  may  be  those 
of  other  situations,  such  as  those  of  the  axilla,  and  those  accompanying 
the  thoracic  and  abdominal  aorta.  Beginning  in  one  set  it  is  liable 
to  extend  to  others  till  there  may  be  a  widely  extended  enlargement 
of  the  glands  in  many  regions.  The  affection  of  the  glands  consists 
in  a  proliferation  of  the  lymphatic  gland  tissue.  The  enlarged  glands 
may  be  of  the  same  consistence  and  appearance  as  the  normal  glands, 
but  they  may  be  softer  or  harder.  There  is  not  infrequently  a  trace 
of  caseation  in  the  glands,  especially  when  they  are  hard.  In  the 
soft  form  the  new-formation  may  extend  beyond  the  boundaries  of 
the  glands  and  invade  surrounding  parts. 

The  spleen  is  affected  in  most  cases  of  Hodgkin's  disease,  although 
not  in  all.  It  is  enlarged,  and  its  outline  shows  localized  elevations 
as  if  there  were  distinct  tumours  present.  On  section,  however,  these 
have  not  the  appearance  of  definite  separate  growths,  but  rather  of 
localized  infiltrations  of  the   splenic  tissue.     There  are  areas  of 
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yellowish  white  appearance,  which  have  been  compared  to  lumps  of 
suet  in  a  pudding.  Under  the  microscope  it  is  seen  that  in  these 
areas  the  tissue  is  lymphatic,  consisting  of  round  cells  with  a  reticulum 
like  that  in  lymphatic  glands.  Moreover  the  tissue  arises  by  pro- 
liferation of  the  lymphatic  follicles  of  the  spleen  (the  Malpighian 
corpuscles)  which  normally  accompany  the  splenic  arteries.  The  liver 
is  also  commonly  affected,  there  being  here  an  infiltration  of  the 
capsule  of  G-lisson  such  as  occurs  in  some  cases  of  leukaemia.  The 
kidneys  also  in  some  cases  show  in  their  external  configuration  rounded 
swellings,  which  are  due  to  localized  infiltrations  of  round-cells.  There 
may  also  be  enlargements  of  lymphatic  structures  other  than  those 
of  the  lymphatic  glands  and  spleen,  such  as  the  closed  follicles  of  the 
intestine,  the  tonsils,  etc. 

Hodgkin's  disease  may  give  rise  to  amyloid  degeneration,  as  in  a 
case  observed  by  the  author.  In  this  case  a  sago  spleen  was  the  seat 
of  secondary  lymphatic  new-formations.  The  new-formation  occupied 
the  same  structures  as  the  amyloid  disease,  and  it  was  interesting 
to  observe  how  the  round-cell  infiltration  caused  absorption  of  the 
amyloid  material,  and  how  the  arteries,  whose  walls  were  amyloid, 
recovered  their  structure  under  the  influence  of  the  new-formation. 

It  is  proper,  as  Steven  has  pointed  out,  to  distinguish  Hodgkin's  disease  from 
lympho- sarcoma.  The  former  has  more  the  characters  of  a  general  disease  of  the 
lymphatic  system,  originating  locally  but  spreading  in  the  lymphatic  system.  The 
latter  is  a  local  disease  of  a  certain  group  of  glands,  usually  the  mediastinal  ones, 
and  showing  chiefly  a  local  malignancy. 

Literature. — Hodgkin,  Med.  Chir.  trans.,  1832  ;  Wilks  (who  suggested  the  name 
Hodgkin's  Disease,  and  has  chiefly  brought  it  into  prominence),  Guy's  Hosp. 
Eeports,  3rd  series,  vols.  ii.  and  xi.,  also  cases  in  Path,  trans.;  Murchtson, 
Path,  trans.,  xxi.,  372;  also  papers  by  Wilks,  Greenfield,  and  others  in  Path, 
trans.,  xxix.,  1878  ;  Hilton  Fagge,  Medicine,  1886,  vol.  ii.,  334 ;  Steven,  Glas. 
Med.  Jour.,  vols.  xxxv.  and  xxxvi.,  1891 ;  Flexner,  Johns  Hopkins'  Hosp. 
Eep.,  1893. 
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TUMOURS  OR  MORBID  GROWTHS. 


INTRODUCTION. 


Definition. — Structure,  typical  or  atypical.  Causation,  Cohnheim's  theory  of 
origin  ;  inheritance  ;  effect  of  injuries,  etc.  ;  parasitic  microbes  ;  influence 
of  age.  Growth  and  Extension,  typical  or  atypical  ;  local  malignancy ; 
metastasis  and  generalization  of  tumours  ;  occasional  malignancy  of  typical 
tumours.    Classification  and  Nomenclature. 

A    TUMOUR  means  literally  a  swelling,  and  formerly  any  swelling 


p-*-  was  called  a  tumour.  Tumor,  for  example,  is  often  named  as 
one  of  the  cardinal  signs  of  inflammation,  and  it  is  still  customary 
to  speak  of  the  inflammatory  tumour.  But  the  modern  use  of  the 
word  is  limited  to  a  class  of  new-formations  of  which  it  is  difficult 
to  give  a  strict  definition. 

It  may  be  said  that  tumours  are  pieces  of  tissue  which  have  a  life 
and  growth  of  their  own  irrespective  of  the  needs  of  the  organism, 
and  of  the  local  conditions  around  them.  In  the  elements  of 
their  structure,  tumours  do  not  differ  from  normal  tissues.  They 
are  nourished  by  the  same  blood,  the  blood-vessels  are  continuous 
with  those  of  surrounding  parts,  the  nerves  are  connected  with 
neighbouring  nerve-stems,  and  the  tissue,  if  not  always  precisely 
the  same  as  that  near  it,  is  frequently  identical.  But  it  grows 
independently  and  without  apparent  object.  Thus  a  fatty  tumour 
goes  on  increasing  in  size  irrespective  of  the  adipose  tissue  in  which 
it  has  its  seat,  and  the  person  may  be  reduced  to  the  greatest 
emaciation,  most  of  the  ordinary  fat  being  absorbed,  while  little  or 
no  impression  is  made  upon  the  fatty  tumour. 

Structure  of  tumours.— While  all  tumours  in  their  ultimate  struc- 
ture are  analogous  to  the  normal  tissues,  yet  some  of  them  vary 
considerably  from  the  type  of  tissue  to  which  they  belong.  Hence, 
it  is  possible  to  distinguish  tumours  whose  structure  is  Typical,  and 
others  whose  structure  is  Atypical.  In  the  former,  the  details, 
including  size  and  shape  of  cells,  abundance  of  cells,  relation  to 
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intercellular  substance,  and  so  on,  are  all  within  the  limits  of  the 
corresponding  normal  tissue.  In  the  latter  the  structure  varies  from 
the  normal,  chiefly  in  respect  that  the  cells  become  much  more 
numerous,  and  that  the  intercellular  substance  passes  into  the  back- 
ground. We  shall  see  afterwards  that  in  their  mode  of  growth, 
tumours  show  somewhat  similar  differences,  some  being  typical  and 
some  atypical,  and  that  in  general  the  variations  in  mode  of  growth 
correspond  with  those  in  structure.  ■ 

The  terms  Homologous  and  Heterologous  were  at  one  time  employed 
to  express  the  idea  that  the  structure  of  a  tumour  may,  or  may 
not,  correspond  with  that  of  the  tissues  of  the  body,  the  heterologous 
tumours  being  looked  upon  as  altogether  different  in  structure  and 
foreign  to  the  body.  -In  the  modern  use  of  the  words  a  homologous 
tumour  is  one  which  exists  in  tissue  of  its  own  kind,  as  an  osseous 
tumour  growing  from  bone.  A  heterologous  tumour  on  the  other 
hand  is  one  which  is  present  in  a  situation  where  no  normal  tissue 
of  that  kind  exists,  as,  for  example,  an  osseous  tumour  in  the 
brain. 

Causation  of  tumours. — It  is  implied  in  the  definition  given  above 
that  the  causation  of  tumours  is  exceedingly  obscure.  For  the  most 
part,  without  any  apparent  stimulus,  they  begin  to  grow,  and  go  on 
without  control. 

An  explanation  of  the  origin  of  tumours  has  been  suggested  by 
Cohnheim,  which  may  apply  to  some  tumours  but  certainly  does 
not  account  for  all.  He  suggests  that  the  primordial  tumour  is  a 
piece  of  tissue,  which  in  the  process  of  development  and  growth  has 
been,  as  it  were,  left  over,  has  retained  its  embryonic  powers  of 
growth,  and  is  not  subject  to  the  general  laws  which  control  the 
growth  of  the  tissues. 

In  enforcing  his  argument  Cohnheim  points  out  that  pieces  of  living  tissue, 
especially  if  from  young  animals,  will  bear  transplantation,  and,  if  placed  in  a 
favourable  situation,  may  grow  to  considerable  dimensions.  Thus,  the  spur  of  the 
cock,  transplanted  to  the  more  vascular  comb,  will  sometimes  form  a  considerable 
tumour.  Leopold  has  transplanted  living  cartilage  into  the  anterior  chamber 
of  the  eye,  where  it  acquires  vascular  connections  with  the  iris.  If  cartilage  from 
an  early  foetus  be  used  it  will  grow  so  as  to  form  a  tumour  of  some  size.  The 
earlier  the  period  of  development  of  the  foetus  the  more  likely  is  there  to  be 
a  vigorous  growth. 

Certain  facts  in  the  pathology  of  tumours  themselves  lend  some 
support  to  this  view.  Thus  cartilaginous  tumours  not  infrequently 
originate  in  bones,  as  if  portions  of  the  original  foetal  cartilage  had 
been  left  over  and  had  afterwards  grown.    Then  there  occur  in  the 
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subcutaneous  tissue,  tumours  composed  of  mucous  tissue,  a  form  of 
tissue  which  in  the  embryo  occupies  the  place  of  the  subcutaneous 
fat.  It  is  as  if  portions  of  this  fcetal  tissue  had  been  left  over  from 
the  embryo  and  formed  the  nucleus  of  the  tumour.  Then  also 
tumours  not  infrequently  develop  from  congenital  moles  or  soft 
warts.  These  little  outgrowths  have  commonly  a  rudimentary  or 
embryonic  structure  (see  section  on  Skin  Affections),  but  they  may 
lie  quiescent  throughout  life,  and  only  occasionally  start  into  vigorous 
growth. 

While  Cohnheim's  theory  may  apply  to  some  tumours,  more  par- 
ticularly to  the  typical  ones,  it  does  not  explain  a  large  proportion 
of  cases,  and  especially  the  cancers.  In  these  the  existing  normal 
structures,  usually  in  an  increasing  area,  give  rise  to  the  tumour. 
There  must  be  here  some  stimulus  acting  on  the  epithelial  structures 
especially. 

Inheritance  is  generally  believed  to  play  an  important  part  in  the 
causation  of  tumours.  The  embryonic  tissue  presupposed  in  Cohn- 
heim's theory  may,  like  an  ordinary  malformation,  be  transmitted 
by  inheritance,  or  the  predisposition  to  the  abnormal  growth  in  cancer 
may  be  so  transmitted. 

The  whole  subject  of  inheritance  of  tumours  stands  in  need  of  elucidation.  It  is 
asserted  on  the  one  hand  "  we  cannot  overestimate  the  importance  of  inheritance 
in  the  origination  of  cancer"  (Paget),  while  on  the  other  hand  it  is  asserted  that 
when  the  families  of  non-cancerous  persons  are  compared  with  those  of  cancerous, 
there  is  little  or  no  appreciable  difference  in  the  number  of  cancerous  relatives 
(Snow,  Cripps).  We  have  alreadjr  seen  that  so  far  as  we  are  able  to  go  on  demon- 
strable facts,  inheritance  deals  with  local  peculiarities  of  structure.  It  is  stated  by 
Paget  that  in  the  transmission  of  cancer,  the  disease  often  passes  from  one  situation 
to  another,  as  from  the  breast  to  the  stomach  or  uterus.  This  author  would  even 
seem  to  indicate  that  in  transmission  a  cancer  may  become  a  sarcoma.  Such 
statements  run  so  counter  to  the  known  facts  of  inheritance  that  they  throw 
considerable  doubt  on  the  whole  subject.  The  strongest  arguments  in  favour  of 
inheritance  are  based  on  the  observation  of  individual  families,  such  as  those 
recorded  by  Paget,  Broca,  and  others. 

Injuries,  Irritations,  and  Chronic  inflammations  play  an  important 
part  in  determining  the  occurrence  of  tumours.  Thus,  fractures  of 
bones  are  sometimes  the  starting  points  of  cartilaginous  or  bony 
tumours  or  of  sarcomas.  Cancers  of  the  mamma  are  often  referred 
to  blows  on  the  breast.  The  seat  of  election  of  cancers  is  often 
determined  by  the  local  conditions  of  exposure  to  irritation  by 
friction  or  otherwise.  For  example,  cancer  of  the  lip  and  tongue 
are  referred  to  irritation  by  a  tobacco  pipe  or  carious  tooth  •  cancer 
of  the  stomach  is  often  ascribed  to  prolonged  irritation  from  altera- 
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tion  in  the  gastric  juice.    The  frequency  of  cancer  at  the  narrow 
parts  of  mucous  canals,  such  as  the  pyloric  orifice  of  the  stomach 
the  ileo-coecal  valve,  the  os  uteri,  has  also  been  ascribed  to  their 
special  exposure  to  irritation. 

Parasitic  microbes  have  been  suspected  as  forming  the  determining  causes  of 
tumours,  but  without  any  definite  proof.  We  have  seen  that  specific  microbes 
are  the  exciting  causes  of  the  infective  tumours,  and  the  analogy  between  their 
mode  of  growth  and  that  of  malignant  tumours,  such  as  sarcomas  and  cancers,  has 
led  some  to  suppose  a  similar  causation.  An  important  distinction  must  be  drawn, 
however,  between  the  infective  characters  of  the  tumours  due  to  parasitic  microbes 
and  those  of  tumours  proper.  In  the  former  case,  the  infectiveness  is  due  to 
the  extension  of  a  parasite,  which,  wherever  carried,  induces  an  effect  comparable 
to  inflammation,  but  with  certain  specific  characters.  The  lesion  is  the  result  of 
irritation  of  the  tissue  to  which  the  parasite  is  applied.  In  the  case  of  a  tumour, 
on  the  other  hand,  there  is  everywhere  a  proper  new-formation  of  tissue,  which  of 
its  kind  is  completely  organized,  and  not  merely  an  effect  of  irritation.  Even  when 
produced  at  a  distance  from  the  primary  tumour,  the  secondary  one  is,  in  the 
details  of  its  structure,  an  exact  reproduction  of  the  tissue  of  the  original  growth. 
Thus,  while  cancers  differ  very  greatly  in  structure  according  to  their  seat  of  origin, 
they  always,  so  to  speak,  breed  true  ;  the  secondary  tumours,  however  various 
their  seats,  having  the  same  structure  as  the  primary  one.  A  striking  illustration 
of  this  argument  is  afforded  by  a  case  recorded  by  the  author,  in  which  an  adenoma 
of  the  thyroid  gland  had  led  to  the  formation  of  secondary  tumours  in  the  bones  of 
the  skull.  The  primary  tumour  had  the  structure  of  the  normal  thyroid  gland, 
and  the  tumours  in  the  skull  had  the  same  structure. 

Whilst  ordinary  microbes  seem  incapable  of  producing  such  results,  it  must  be 
acknowledged  that  facts  recently  observed  point  to  the  possibility  of  animal  parasites 
belonging  to  the  protozoa  having  to  do  with  the  causation  of  atypical  tumours.  An 
animal  cell  of  a  parasitic  character  may  enter  into  conjunction  with  the  living  cells 
of  the  tissues,  and  lead  to  peculiar  stimulations  of  the  latter.    (See  under  Cancer.) 

Age  is  a  factor  in  the  etiology  of  tumours.  The  frequency  of 
tumours  increases  in  proportion  to  the  persons  living  up  to  the  age 
of  seventy,  and  is  greatly  increased  from  thirty  upwards.  This  latter 
fact  is  due  to  the  prevalence  of  cancer  in  the  more  advanced  years 
of  life.    Cancer  is  a  disease  of  decadence. 

Growth  and  extension  of  tumours.— Most  tumours  enlarge  by  a 
new-formation  of  tissue  within  themselves,  just  as  the  normal  tissues 
increase  during  the  period  of  growth.  Their  growth  is  typical. 
The  tissue  of  the  tumour  is  sometimes  continuous  with  that  of  sur- 
rounding parts,  sometimes  it  is  separated  by  a  capsule  composed  of 
connective  tissue  ;  sometimes  it  begins  by  being  continuous  and  after- 
wards gets  separated.  In  any  case  the  ordinary  tumour  simply  grows 
by  new-formation  of  its  own-  tissue.  It  often  produces  effects  on 
neighbouring  parts,  by  pressure  especially,  but  apart  from  these  merely 
mechanical  effects,  it  does  not  prejudice  neighbouring  structures. 
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Tumours  possessing  these  characters  are  usually  called  Simple  or 
Innocent  growths. 

But  then  there  are  tumours  of  which  this  is  not  true.  They  have  a 
tendency  to  grow  into  and  infiltrate  neighbouring  tissues,  presenting 
characters  of  what  may  be  designated  Local  malignancy ;  their  mode 
of  growth  is  atypical.  This  is  peculiarly  the  case  with  sarcomas  and 
cancers.  In  the  case  of  sarcomas  the  tumour  seems  to  penetrate 
into  and  develop,  as  it  were,  on  the  mould  of  the  existing  tissue — 
apparently  very  much  in  the  style  that  granulation-tissue  grows  into 
and  moulds  itself  on  a  thrombus  or  a  piece  of  catgut  in  the  tissue. 
In  the  case  of  cancers,  on  the  other  hand,  their  tissue,  which  is 
epithelial  in  character,  penetrates  among  the  tissues,  largely  destroy- 
ing them  and  producing  inflammatory  disturbances. 

Besides  this  local  malignancy  the  same  classes  of  tumours  frequently 
show  a  still  more  atypical  growth  by  extending  beyond  their  local 
seat.  This  character  is  expressed  in  the  term  Metastasis,  which  is 
another  feature  of  malignancy.  In  this  case  secondary  growths  spring- 
up  in  parts  removed  from  the  primary  tumour,  and  doubtless  some- 
thing is  carried  from  the  original  tumour  to  the  remote  part.  In 
the  case  of  cancers  the  epithelial  processes  penetrating  into  the  tissues 
readily  find  their  way  into  the  lymphatic  spaces,  and  portions  may 
be  carried  thence  to  lymphatic  glands. 

Besides  this  metastasis  by  the  lymphatic  system,  there  is  some- 
times a  more  distant  metastasis  by  the  blood,  in  which  case  the 
tumour  is  transplanted  to  various  parts  of  the  body,  and  the  term 
Generalization  is  used.  This  occurs  usually  after  the  lymphatic 
glands  have  been  involved,  but  in  sarcomas  it  is  usually  direct,  the 
tumour  penetrating  through  the  walls  of  the  vessels.  It  is  mostly 
the  veins  which  are  thus  opened  into,  and  the  first  extension  is  there- 
fore to  the  lungs,  but  the  pulmonary  capillaries  may  be  in  part 
traversed,  and  implantation  occur  by  the  systemic  arteries. 

The  material  which  passes  from  the  tumour  and  is  thus  trans- 
planted is  undoubtedly  the  living  cells  of  the  tissue,  together  with 
such  parasitic  or  other  agents  as  may  be  proved  to  co-exist.  This 
is  clearly  demonstrated  in  secondary  cancerous  infection  of  the 
peritoneum  where  the  secondary  tumours  are  not  regularly  dis- 
tributed over  the  peritoneal  surface,  but  occur  here  and  there,  or 
in  groups,  just  as  if  solid  particles  had  been  carried  and  produced 
their  effects  where  they  got  leave  to  lie.  Then  also  it  must  be 
solid  particles  which  are  arrested  by  the  lymphatic  glands  and  give 
rise  to  the  secondary  tumours  there. 

In  this  connection  it  is  important  to  note  that  the  secondary  tumour 
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for  the  most  part  exactly  reproduces  the  tissue  of  the  original  one, 
even  to  the  smallest  details,  and  it  is  natural  under  these  circum- 
stances to  believe  that  pieces  of  the  original  tumour  are  actually 
transported. 

Occasional  malignancy  of  typical  tumours. — It  has  already  been 
stated  that  sarcomas  and  cancers  are  the  tumours  which  regularly 
present  a  malignant  tendency,  but  on  rare  occasions  other  tumours 
also  do  so.  Cartilaginous  tumours  are  not  infrequently  malignant. 
Next  to  them  mucous-tissue  tumours  most  frequently  become  malig- 
nant, but  even  fibrous  tumours  have  been  observed  to  do  so,  and 
cases  of  colloid  goitre  have  been  recorded  in  which  secondary  tumours 
occurred.  So  that  malignancy  is  not  confined  to  sarcomas  and  cancers. 
On  the  other  hand,  tumours  having  the  structure  of  sarcomas  may 
remain  local  to  the  end. 

It  has  been  usual  to  believe  that  malignancy  is  dependent  on  peculiarities  of 
the  tumour  itself,  and  it  is  true  that  when  a  simple  tumour,  as  sometimes  happens, 
assumes  malignant  characters,  it  usually  assumes  the  structure  of  a  sarcoma  or 
cancer.  An  attempt  has  been  made,  based  on  the  views  brought  forward  by 
Thiersch  as  to  the  causation  of  cancer  (see  under  Cancer),  to  account  for  the 
difference  between  a  simple  and  a  malignant  tumour.  In  the  case  of  a  simple 
tumour  the  normal  tissues  are  able  to  prevent  the  tumour-tissue  from  pene- 
trating into  them,  but  in  the  case  of  malignant  tumours  the  tissues  have 
become  weakened  and  are  unable  to  form  a  barrier  to  their  extension. 
When  a  simple  tumour  becomes  sarcomatous,  it  is  because  the  tissues 
around  have  acquired  a  peculiar  weakness.  When  pieces  of  a  tumour  are 
transported  to  a  distance,  a  struggle,  as  it  were,  occurs  between  the  tendency  of 
the  tissue  of  the  tumour  to  grow,  and  that  of  the  normal  tissues  to  prevent  its 
growth.  In  the  case  of  a  simple  tumour  the  tissues  assume  the  upper  hand, 
and  cause  the  absorption  of  the  tumour-tissue.  In  the  case  of  malignant  tumours,  j 
however,  the  tissues  are  too  weak  to  accomplish  this,  and  the  secondary  tumour 
develops.  This  theory  is  not  sufficient  to  explain  all  the  facts,  and  we  must 
suppose  as  well  a  special  power  of  growth  in  the  tumour.  No  doubt  the  tissues 
differ  very  greatly  in  their  power  of  restraining  the  growth  of  secondary  tumours. 
In  the  liver,  for  instance,  cancers  grow  very  freely,  and  attain  large  dimensions, 
but  looking  to  a  cancerous  liver,  it  is  difficult  to  believe  that  there  is  not  a 
special  activity  in  the  growing  tissue  of  the  tumours. 

Secondary  changes  in  tumours. — Tumours  are  exposed  to  the  same 
pathological  processes  as  normal  tissues,  and  in  a  higher  degree.  Thus 
we  meet  with  fatty  degeneration,  especially  in  quickly  growing  ; 
tumours ;  calcareous  infiltration  in  structures  which  are  obsolete  j 
haemorrhages,  principally  in  superficial  rapidly  growing  tumours, 
where  the  blood-vessels  are  ill-formed ;  and  necrosis  mostly  in 
tumours  near  the  surface,  and  thus  exposed  to  mechanical  irritation, 
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the  consequences  of  such  necrosis  being  ulceration  with,  it  may  be, 
suppuration,  hemorrhage,  decomposition. 

Conditions  like  those  last  named  will  seriously  affect  the  organism 
as  a  whole,  and  they  will  occur  most  frequently  in  the  case  of 
malignant  tumours,  which  grow  quickly  and  rapidly  come  to  the 
surface.  Malignant  tumours  also  affect  the  organism  as  a  whole  by 
the  readiness  with  which  they  extend  to  or  produce  secondary 
tumours  in  important  organs,  and  secondary  cancers  frequently 
also  induce  inflammations  as  in  the  case  of  the  peritoneum  or 
pleura. 

It  is  clear,  therefore,  that  malignant  tumours,  especially  by  bleed- 
ing, by  ulcerating  and  sloughing,  by  invading  important  parts,  by 
producing  inflammations,  etc.,  have  a  tendency  to  deteriorate  the 
system,  producing  anaemia  and  general  weakness.  If  growing  quickly 
they  also  tend  to  emaciate  by  using  up  the  nutritive  material  of  the 
body.  A  simple  tumour,  if  it  happens  to  be  at  the  surface  and  ex- 
posed to  mechanical  violence,  may  also  ulcerate  and  produce  serious 
constitutional  results,  but  this  is  exceptional.  To  these  conditions 
of  the  body  as  a  whole  the  name  Cachexia  is  often  given.  Some- 
times also  the  term  Dyscrasia  or  Diathesis  is  used  with  the  meaning 
that  there  is  some  peculiar  condition  of  the  system  preceding  and 
inducing  the  formation  of  malignant  tumours,  but  of  this  there  is 
no  evidence,  and  the  changes  in  the  general  condition  are  always 
secondary. 

Classification  and  nomenclature  of  tumours. — Tumours  have  some- 
times been  classified  and  named  according  to  their  clinical  characters, 
whether  innocent  or  malignant,  the  term  cancer  being  used  to  include 
malignant  growths  in  general.  A  true  system  of  classification  will 
take  into  account  the  origin,  structure,  and  mode  of  growth  of 
tumours,  and  such  a  classification  will  be  found  ultimately  to  corre- 
spond with  clinical  facts. 

In  classifying  tumours  according  to  their  origin  we  may  assume 
that  they  take  origin  in  tissues  of  their  own  nature.  This  is  at  least 
admitted  in  the  case  of  simple  tumours ;  a  fatty  tumour,  for  example, 
originates  in  adipose  tissue.  In  the  case  of  cancers,  whose  more  im- 
portant elements  are  epithelial,  Virchow  asserted  that  they  originated 
from  connective  tissue.  This  was  opposed  by  Thiersch,  who  showed 
that  in  the  case  of  epithelial  cancer  the  cells  originate  from  existing 
epithelium.  This  view  has  been  amplified  by  Waldeyer,  who,  in  a 
very  elaborate  series  of  investigations,  has  shown  that  in  their  very 
various  seats,  cancers  are  in  their  origin  connected  with  the  epithelial 
structures.    This  has  led  to  a  reference  to  embryology  in  the  classi- 
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fication  of  tumours.  An  attempt  has  been  made  to  distinguish  those 
arising  from  the  various  layers  of  the  embryo,  the  tumours  of  meso- 
blastic  being  separated  from  those  of  hypoblastic  or  epiblastic  origin. 
It  is  very  difficult  to  carry  out  this  distinction  absolutely.  The 
epiblast  gives  rise  to  much  besides  epithelium,  as  does  also  the 
hypoblast,  and  there  seems  even  now  considerable  doubt  whether 
the  serous  cavities  are  hypoblastic  or  mesoblastic,  and  whether,  in 
consequence,  the  layer  of  cells  covering  these  cavities  is  endothelium 
or  epithelium.  The  attempt  to  carry  out  rigidly  this  mode  of 
classification  has  led  to  great  difficulties  in  the  nomenclature  and 
placing  of  some  tumours.  Thus  we  have  tumours  of  the  pleura  and 
peritoneum,  which  have  the  structure  of  cancers,  but  G-erman  authors 
regard  the  endothelium  of  these  cavities  as  belonging  to  the  con- 
nective tissue,  and  many  of  them  would  place  such  tumours  amongst 
those  arising  from  connective  tissue,  and  separate  them  from  the 
cancers. 

The  structure  and  mode  of  growth  have  to  be  taken  into  account 
as  well  as  the  origin  of  tumours.  It  has  been  indicated  above  that 
in  respect  to  structure  and  mode  of  growth  tumours  may  be  typical 
or  atypical.  It  will  be  convenient  to  divide  tumours,  in  the  first 
instance,  on  this  basis  into  two  great  groups,  the  typical  and  the 
atypical.  In  the  further  subdivision  of  these  groups  the  relation  of 
the  tissue  to  the  corresponding  normal  tissue  is  taken  into  con- 
sideration, and  we  may  have  both  typical  and  atypical  tumours 
referable  to  the  same  normal  tissue. 

The  grouping  of  tumours  into  typical  and  atypical  forms  will  nearly 
correspond  with  the  clinical  distinction  of  innocent  and  malignant, 
but  it  must  not  be  forgotten  that  the  distinction  is  not  absolute, 
and  that  typical  tumours  sometimes  assume  the  characters  of  the 
atypical. 

In  naming  tumours  the  structure  is  chiefly  taken  into  account. 
The  typical  tumours  are  named  by  adding  the  usual  suffix  -oma  to 
the  name  of  the  tissue.  The  atypical  tumours  have  special  names 
which  are  variously  derived.  Thus,  Sarcoma  is  a  name  originally 
used  in  a  very  indefinite  way,  but  by  Virchow  applied  to  atypical 
connective-tissue  tumours.  Carcinoma  also  had  at  one  time  a  wide 
and  somewhat  indefinite  significance,  but  is  now  limited  to  atypical 
tumours  whose  more  important  structure  is  epithelium. 

A  very  great  advance  has  been  made  in  our  knowledge  of  tumours 
by  the  publication  of  Virchow's  classical  work,  "Die  krankhaften 
Geschwiilste."  From  this  work  many  of  the  following  illustrations 
are  borrowed  by  the  kindness  of  the  author. 
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SECTION  IX.— Continued. 
A.— TYPICAL  OR  HISTIOID  TUMOURS. 

1.  Fibroma,  including  molluscum  fibrosum  or  n euro- fibroma  and  hard  fibroma  ; 
2.  Lipoma,  diffuse  or  encapsuled,  pendulous ;  3.  Myxoma,  characters  of 
mucous  tissue  ;  hydatid  mole  ;  proper  tumour,  varieties  of  ;  4.  Chondroma, 
as  ecchondrosis  or  enchondroma,  the  latter  usually  in  connection  with  bone  ; 
5.  Osteoma,  chiefly  as  exostosis,  Odontoma  ;  6.  Myoma,  the  rhabdomyoma 
rare,  the  leiomyoma  common,  structure  and  relations  of  latter,  Wood's  pain- 
ful subcutaneous  tumour  ;  7.  Neuroma,  the  true  neuroma  ;  8.  Angioma, 
capillary,  cavernous,  lymphatic  ;  9.  Glioma  ;  10.  Psammoma  ;  11.  Lymphoma  ; 
12.  Papilloma ;  13.  Adenoma,  of  various  structure  according  to  gland  ; 
14.  Cystoma,  cysts  arising  from  pre-existing  cavities,  including  retention 
cysts  ;  and  cysts  of  independent  origin,  including  dermoid  cysts,  adenoid 
cystoma,  extravasation  cysts,  etc.  ;  15.  Teratoma. 

1. — THE  FIBROMA  OR  CONNECTIVE  TISSUE  TUMOUR. 

A  S  fibrous  tissue  is  frequently  the  product  of  inflammation  we 
may  expect  that  the  demarcation  between  inflammatory  new- 
formations  and  fibromas  is  not  always  easy  to  make.  Elephantiasis 
arabum  is  sometimes  regarded  as  a  simple  tumour,  although  more 
properly  belonging  to  the  infective  tumours.  There  are  cases,  how- 
ever, of  local  enlargement  of  the  skin,  which  have  not  the  regular 
course  of  elephantiasis,  and  which  have  more  apparent  analogies  with 
tumours.  To  such  cases  Paget's  name  of  "Cutaneous  outgrowth" 
is  applicable.  There  are  cases  also  in  which,  with  or  without 
thickening  of  the  cutis,  there  is  a  definite  encapsuled  tumour,  com- 
posed of  soft  connective  tissue,  beneath  the  skin.  Such  tumours 
occur  chiefly  in  the  external  organs  of  generation,  and  may  attain 
large  dimensions,  one  observed  by  the  author  weighing  fifteen  pounds. 
(See  Elephantiasis.) 

Fibroma  molluscum  or  -  Multiple  fibroma  of  the  skin  are  terms 
applied  to  cases  in  which  we  have  multiple  isolated  tumours  beginning  j 
as  little  growths  of  connective  tissue  in  diverse  regions  in  the  skin, 
and  afterwards  growing  out  and  becoming  pendulous.     Thus  we 
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may  have  hundreds  of  more,  or  less  pendulous  tumours  in  various 
parts  of  the  body.  This  purely  fibrous  molluscum  must  be  care- 
fully distinguished  from  molluscum  contagiosum,  a  totally  different 
disease,  which  will  be  considered  in  the  section  on  Diseases  of  the 
Skin. 

These  multiple  fibromata  have  been  made  the  subject  of  special  study  by 
Kecklinghausen,  who  found  them  in  two  cases  associated  with  multiple  tumours 
of  the  nerves.  The  tumours  of  the  nerves  formed  usually  oval  swellings  in  their 
course,  and  were  composed  of  comparatively  soft  connective  tissue  in  which  the 
nerve-fibres  were  embedded.  These  tumours  are  frequently  described  under  the 
name  of  Neuroma,  but  as  they  are  really  fibrous  tissue  tumours  they  are  to  be 
regarded  as  false  neuromata.  The  term  Neurofibroma  or  fibroneuroma  is  more 
correctly  applied.  In  Eecklinghausen's  case  the  tumours  of  the  skin  were  also 
found  in  their  origin  to  be  connected  with  nerve-stems,  growing  from  the  nerve 
sheath,  although  in  growing  they  frequently  involved  the  sheaths  of  neighbouring- 
canals,  such  as  blood-vessels  and  sweat-glands.  The  tumours  of  the  nerves  have 
frequently  a  plexiform  character,  being  formed  by  enlargement  of  the  sheaths 
of  a  plexus  of  nerves.  A  similar  character  is  sometimes  presented  by  the  cutaneous 
tumours,  and  may  assist  in  their  diagnosis.  Whether  Eecklinghausen's  view 
applies  generally  to  the  multiple  fibroma  of  the  skin  or  not,  remains  to  be  deter- 
mined. It  is  confirmed  by  Kriege  and  Westphalen,  while  its  universal  applic- 
ability is  questioned  by  Philippson. 

The  Mucous  polypus  is  a  condition  which  lies  in  the  borderland 
between  inflammatory  hypertrophy  and  true  tumour  formation.  It 
consists  of  mucous  membrane  in  which  there  is  frequently  a  con- 
siderable new-formation  of  gland-tissue  (see  Fig.  93),  so  that  in  some 
cases  the  term  Adenoma  is  warranted.  The  lesions  are  usually  small 
in  size,  and  are  met  with  chiefly  in  the  rectum  and  the  uterus 
(which  see). 

Hard  Fibromas  or  true  Fibromas  are  exceedingly  dense  tumours 
composed  of  firm  connective  tissue  tightly  interlaced  and  resembling- 
tendon  in  its  structure.  On  section  they  show  a  brilliant  white 
surface,  and  often  a  concentric  arrangement  of  the  connective  tissue 
bundles.  We  do  not  include  here  the  uterine  fibromas,  which  are 
really  muscular  tumours,  and  will  be  described  as  such.  Fibromas 
are  frequent  in  connection  with  periosteum  and  bone,  especially  on 
the  jaws.  Growing  from  the  periosteum  they  are  sometimes  in- 
timately connected  with  the  bone,  which  may  be  as  if  buried  in  the 
tumour.  Sometimes  the  fibroma  originates  inside  a  bone.  Fibromas 
also  occur  on  fascias  and  membranes,  as  the  dura  mater,  and  are  not 
uncommon  in  the  mamma  and  ovary.  Just  as  dense  connective 
tissue  formed  in  chronic  inflammation  may  become  calcified,  so  may 
dense  fibromas  be  partially  infiltrated  with  lime  salts.    They  some- 
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times  undergo  partial  ossification,  or  they  may  be  mixed  with  bone, 
cartilage,  or  gland  tissue. 


Pig.  93. — Mucous  polypus  from  rectum.  Above,  the  wall  of  the  intestine  is  shown 
with  muscular  and  mucous  coats.  The  small  tumour  hangs  downwards  from  the 
mucous  membrane.  It  is  composed  of  hypertrophied  and  (edematous  mucous  mem- 
brane with  its  glands,    x  3. 


Literature.— Viechow's  Geschwiilste,  i. ;  Morton  and  Coats,  Glasg.  Med.  Jour., 
Hi.,  145,  1870  ;  Kecklinghausen,  Die  multiplen  Fibrome  der  Haut,  1882  ;  Keiege, 
Virch.  Arch.,  cviii.  466;  Westphalen,  do.,  ex.  29  ;  Philippson,  do.,  602. 


2.  —THE  LIPOMA  OR  FATTY  TUMOUR. 

This  form  of  tumour  consists  of  adipose  tissue  exactly  like  that  of 
the  body,  as  for  instance  the  subcutaneous  adipose  tissue.  Adipose 
tissue  contains  bands  of  fibrous  connective  tissue  which  carry  the 
vessels  and  nerves,  and  so  do  lipomas,  but  in  different  tumours  this 
is  variously  abundant.  If  there  is  little  connective  tissue  the  tumour 
is  soft,  and  may  even  feel  fluctuant.  If  there  is  much  it  is  hard, 
and  we  may  have  an  approach  to  the  fibrous  tumour,  the  fibro-lipoma. 
The  fibrous  character  may  be  increased  by  irritation,  as  where  a 
tumour  is  exposed  to  friction,  producing  a  kind  of  indurative  in- 
flammation in  the  tumour. 

Fatty  tumours  are  mostly  surrounded  by  a  distinct  capsule,  but 
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sometimes  they  are  continuous  with  the  surrounding  fat.  Thus  the 
fat  around  the  mamma  or  the  kidney  may  undergo  such  an  enlarge- 
ment as  to  warrant  the  name  of  tumour  {Lipoma  capsulare).  Billroth 
mentions  a  lipoma  which  had  grown  in  between  the  muscles  of 
the  thigh  in  such  a  way  as  that  it  could  not  be  removed  completely. 
Lipomas  which  are  not  definitely  circumscribed  may  be  called  Diffuse 
lipomas. 

Lipomas  are  of  common  occurrence.  They  are  sometimes  congenital, 
especially  in  connection  with  spina  bifida.  Their  most  frequent  seat 
is  under  the  skin,  especially  of  the 
trunk.  They  are  rare  under  mucous 
membranes,  as  that  of  the  stomach 
(Fig.  94),  where  there  is  normally  a 
small  quantity  of  fat  corresponding 
with  the  subcutaneous  fat.  They  are 
occasionally  met  with  in  connection 
with  serous  and  synovial  membranes, 
in  the  appendices  epiploicse  of  the 
intestines,  or  the  synovial  fringes. 
They  are  rarely  heterologous,  occur- 
ring where  fat  is  not  present  nor- 
mally, as  in  the  substance  of  the 
kidneys,  brain,  etc.     They  are  of 

rare    Occurrence    On    the    Surface    Of     Fig.  94.— Lipoma  in  the  wall  of  the  stom- 
ach.   It  was  the  size  of  a  hazel-nut,  situated 
bones,     Constituting     the     ParOSteal  near  the  pylorus  in  the  submucous  tissue. 
m  Natural  size.  (Virchow.) 

lipoma.    Ihe  author  met  with  a  case 

in  which  an  elongated  piece  of  fat  lay  on  the  upper  surface  of 
the  corpus  callosum.  Lipomas  are  for  the  most  part  single,  but  in 
some  cases  they  are  multiple,  although  rarely  symmetrical.  When 
multiple  they  do  not  grow  simultaneously,  and  may  appear  in  succes- 
sion for  months  or  years. 

Fatty  tumours  sometimes  become  pendulous.  Those  in  the  appen- 
dices epiploicse  (Fig.  95)  are  so  from  the  first,  and  the  neck  of  the 
polypoid  tumour  may  get  severed,  the  tumour  becoming  a  loose  body 
in  the  peritoneum  ;  it  is  similar  with  the  lipomas  of  the  synovial 
fringes.  Subcutaneous  lipomas  may  also  become  pendulous  and 
polypoid,  and  may  grow  to  great  dimensions  in  this  form.  There 
is  apt  to  be  ulceration  of  the  surface  of  such  tumours,  and  even 
haemorrhage.  The  tumours  of  the  subcutaneous  tissue  may,  by  their 
weight,  gradually  slide  downwards,  leaving  their  old  attachments  and 
acquiring  new  ones.  Besides  these  changes  we  have  the  occasional 
induration  already  mentioned,  and  sometimes  calcareous  infiltration 
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follows.  Softening,  with  the  formation  of  a  cyst  inside  the  tumour, 
is  a  rare  occurrence. 


Fig.  95. — Pendulous  lipoma  of  appendices  epiploic;©  of  colon.  A  pedunculated 
tumour  (a)  projects  from  the  general  mass  of  subserous  adipose  tissue  (6).  It  is 
twisted  twice  on  its  axis,  and  the  peduncle  is  very  thin.  (Virchow.) 

3. — THE  MYXOMA  OR  MUCOUS-TISSUE  TUMOUR. 

This  form  of  tumour  is  composed  of  mucous  tissue,  and  as  this 
is  not  one  of  the  physiological  tissues  of  the  adult,  it  will  be  proper 
to  refer  more  specially  to  its  characters.  The  blood-vessels  of  the 
umbilical  cord  are  padded  and  protected  from  pressure  by  a  gelatinous 
substance  called  Wharton's  jelly.  Under  the  microscope,  this  consists 
of  variously  shaped  cells  separated  by  a  clear  transparent  intercellular 
substance.  The  intercellular  substance  is  of  gelatinous  consistence, 
and  owes  this  character  to  the  fact  that  it  consists  of  a  watery 
solution  of  mucin. 


Mucin  is  nearly  allied  to  albumen,  but  when  present  in  even  small  quantity  in  a 
solution,  it  gives  the  latter  a  sticky  gelatinous  character.  Its  chemical  reactions 
also  differ  from  those  of  albumen,  in  respect  that  though  like  it  precipitated  by 
alcohol,  the  precipitate  is  redissolved  by  water.  Also,  acetic  acid  and  other 
organic  acids  precipitate  mucin,  but  not  usually  albumen.  The  precipitate  of 
mucin  by  alcohol  or  acetic  acid  is  more  membranous  than  that  of  albumen. 
The  reaction  with  acetic  acid  can  be  readily  brought  out  in  Wharton's  jelly,  a 
microscopic  section  showing,  on  adding  acetic  acid,  a  reticulated  precipitate. 
These  reactions  can  also  be  studied  in  the  mucus  from  any  mucous  membrane, 
or  in  the  bile,  in  which  mucin  is  normally  one  of  the  dissolved  constituents. 


Besides  in  the  umbilical  cord,  mucous  tissue  is  present  in  the  villi 
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of  the  chorion  of  the  foetus,  the  villi  consisting  of  a  covering  layer 
of  epithelium  with  mucous  tissue  internally.  In  the  foetus,  it  is  also 
present  in  early  stages  in  the  subcutaneous  tissue  where  it  has  the 
place  of  the  subcutaneous  adipose  tissue,  being,  in  fact,  related  to 
fat  very  much  as  the  temporary  cartilage  is  to  bone.  Some  remains  of 
this  tissue  are  met  with  in  the  adult.  Thus,  the  vitreous  humour  of 
the  eye  is  really  composed  of  soft  mucous  tissue,  and  traces  of  it 
have  been  found  in  places  where  normally  adipose  tissue  exists,  as  under 
the  pericardium,  at  the  hilus  of  the  kidney,  subcutaneously,  and  in 
the  medulla  of  bone.  It  appears  that  in  these  positions  there  is  some- 
times a  partial  recurrence  to  the  foetal  condition.  The  connective 
substance  of  the  brain,  the  neuroglia,  is  allied  to  mucous  tissue,  and 
seems  to  present  a  proneness  to  return  to  that  form. 

The  hydatid  mole,  which  arises  by  a  great  new-formation  of  mucous 
tissue  in  the  villi  of  the  chorion,  is  regarded  by  some  as  a  form  of 
myxoma.    (See  further  on  in  Section  on  Generative  Organs.) 

Mucous  tissue  tumours  are  met  with  principally  in  the  subcutaneous 
tissue,  where  they  may  be  regarded  as  probably  due  to  a  piece  ot 
embryonic  tissue  left  over  when  the  mucous  tissue  was  converted  into 
adipose,  in  this  respect  resembling  the  chondromas  of  bone.  They 


generally 


sometimes  almost 


form  rounded  or  oval  tumours 
fluctuant  in  consistence  and 
hyaline  in  appearance. 
These  tumours  are  some- 
times described  as  soft 
fibromas  or  fibro-cellular 
tumours.  Examined  under 
the  microscope  we  have  a 
very  translucent  tissue  in 
the  midst  of  which  there 
are  irregularly  shaped  cells. 
The  tissue  is  intersected  by 
more  or  less  frequent  bands 
of  connective  tissue  (Fig. 
96).  The  proportion  of 
cells  varies  considerably  in 
different  cases,  and  even  in 
different  parts  of  the  same  tumour. 

Myxomas  are  also  of  somewhat  frequent  occurrence  in  the  brain 
as  compared  with  other  tumours  of  this  organ.  They  arise  in  connec- 
tion with  the  soft  membranes  of  the  brain  and  spinal  cord,  or  in  the 
ventricles,  or  in  the  substance  of  the  brain.     They  sometimes  grow 


Fig.  96.— Microscopic  section  of  a  myxoma  of  the  sub- 
cutaneous tissue.  Isolated  cells  and  strands  of  fibres 
are  shown.  Between  them  a  clear  gelatinous  material 
was  present,    x  350. 
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to  considerable  size,  and  are  liable  by  softening  to  take  the  form  of 
cysts  filled  with  a  mucous  fluid.  They  are  also  met  with  on 
peripheral  nerves.  They  occur  in  the  mamma,  where  not  infrequently 
they  appear  to  have  the  character  of  a  diffuse  formation  of  mucous 
tissue  between  the  glandular  acini,  so  that  the  gland  as  a  whole  is 
converted  into  a  tumour.  In  the  salivary  glands  they  occur,  but  are 
usually  of  mixed  structure,  being  partly  formed  of  other  kinds  of 
tissue. 

The  simple  pure  hyaline  myxoma  is  not  very  common,  as  the  tissue 
is  apt  to  be  mixed  with  other  forms.  From  the  relation  of  mucous 
and  adipose  tissues  it  is  not  remarkable  that  a  partial  conversion  of 
a  lipoma  into  a  myxoma  or  vice  versa,  is  met  with.  There  is  also  not 
infrequently  a  mixture  with  fibrous,  cartilaginous,  or  gland  tissue. 
Then,  also,  the  myxomas  vary  very  greatly  in  the  proportion  of  cellsr 
the  very  cellular  ones  being  called  medullary  myxomas,  and  frequently 
graduating  into  sarcomas.  In  fact,  with  pathologists  who  take  the 
embryonic  nature  of  the  tissue  as  the  criterion  of  sarcomas,  the  fact 
that  mucous  tissue  is  the  embryonic  precursor  of  adipose  tissue  induces 
them  to  class  this  form  of  tumour  among  the  sarcomas.  Consistently 
with  these  facts  there  are  some  myxomas  which  show  malignant 
characters,  either  local  or  general.  In  a  case  recorded  by  Virchow 
there  were  tumours  on  the  nerves  and  in  the  dura  mater  of  the  cord 
and  brain. 

Literature. — Muller,  Arch.  f.  Anat.  u.  Phys.,  1836 ;  Virchow,  Arch.,  xi.,  286,  and 
Geschwiilste,  L,  p.  396. 

4. — THE  CHONDROMA  OR  CARTILAGINOUS  TUMOUR, 

This  tumour  is  composed  of  cartilaginous  tissue.  The  cartilage 
may  be  hyaline  (see  Fig.  97)  or  fibrous,  generally  the  latter,  and  the 
matrix  is  not  infrequently  rather  soft.  The  tumour  is  also  intersected 
with  fibrous  bands  which  carry  blood-vessels  that  nourish  the  tissue. 
If  a  cartilaginous  tumour  grows  in  connection  with  and  out  from 
cartilage  it  is  called  an  Ecchondrosis,  but  if,  as  in  the  majority  of 
cases,  it  grows  in  connection  with  other  tissues,  then  it  is  called  an 
Enchondroma.    The  term  chondroma  of  course  includes  both. 

The  ecchondroses  are  usually  small  unimportant  outgrowths  chiefly 
of  the  cartilages  of  the  septum  nasi,  larynx  and  trachea  and  ribs. 

Virchow  has  described  an  interesting  form  of  so-called  ecchondrosis  at  the 
basilar  portion  of  the  occipital  and  sphenoid  bones.  The  basilar  parts  of  these 
bones  are  formed  from  cartilage,  and  in  adult  life  they  are  united,  forming  a  single 
bone  (os  tribasilare).    The  junction  takes  place  irregularly  by  a  kind  of  toothed 
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union.  In  this  process  a  little  bit  of  cartilage  may  be  omitted,  and  this  sometimes 
develops  into  a  little  tumour  just  under  the  basilar  artery  to  which  it  may  be 
adherent.  It  will  be  seen  that  we  have  here  an  actual  .instance  of  a  little  piece 
of  embryonic  tissue  left  over  to  develop  afterwards  into  a  tumour.  This  little 
tumour  sometimes  undergoes  a  remarkable  change ;  the  cells  swell  up  and  become 
like  those  of  the  chorda  dorsalis,  but  in  other  cases  it  ossifies. 

The  cartilaginous  loose  bodies  in  joints  are  sometimes  regarded  as 
originally  outgrowths  from  the  cartilages  or  synovial  fringes  which 
have  been  broken  off  and  grown  after  their  separation. 


Enchondromas  are  mostly  met  with  in  connection  with  Bones.  As 

bones  are  developed  out  of  cartilage  for  the  most  part,  it  may  be 
supposed  that  little  bits  of  the  embryonic  cartilage  are  left  over  and 
develop  into  tumours  afterwards.  The  enchondromas  of  bone  may 
be  divided  into  central  and  peripheral,  according  as  they  originate 
in  the  medulla  or  at  the  surface.  The  central  enchondromas  are 
met  with  chiefly  in  early  life,  and  may  be  congenital.  They  occur 
especially  in  the  fingers  and  toes,  which  may  be  the  seat  of  multiple 
tumours  as  in  Fig.  98.  These  tumours  begin  inside  the  phalanges 
or  metacarpal  bones,  or,  less  frequently,  the  analogous  bones  of  the 
foot.  Growing  inside  the  bones  they  may  be  for  a  time  unperceived, 
but  afterwards  swell  up  the  bones  and  may  even  burst  through  the 
external  shell.  These  tumours  often  show  a  local  malignancy,  growing 
by  the  formation  of  new  nodules  in  the  tissue  around.  The  peri- 
pheral chondromas  are  met  with  most  frequently  on  the  femur  and 
pelvis,  and  most  rarely  on  the  bones  of  the  face  and  skull. 

In  soft  parts  chondromas  are  found  occasionally,  but  are  commonly 


Fig.  97.— Chondroma  of  bone.  Cartilage  cells  in 
a  homogeneous  matrix,    x  100. 


Fig.  98.— Multiple  central  enchon- 
dromata  of  fingers.  (Cornil  and  Ran- 

VIEK.) 
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mixed  with  fibrous,  mucous,  glandular,  sarcomatous,  or  cancerous 
tissue.  They  are  particularly  frequent  in  glands,  as  the  testes,  ovaries 
and  salivary  glands.  'In  these  situations  they  are  occasionally  found 
to  follow  chronic  irritations. 

In  their  form  chondromas  are  generally  rounded  tumours  and  dis- 
tinctly encapsuled,  but  if  large  they  are  lobulated. 

It  has  already  been  said  that  the  chondromas  are  often  mixed  with 
other  tissue,  and  it  is  to  be  added  that  secondary  changes  are  not 
infrequent.  They  sometimes  soften,  and  this  is  frequently  due  to 
partial  transformation  into  mucous  tissue.  This  is  particularly  the 
case  with  the  glandular  enchondromas.  On  the  other  hand,  those 
of  bone  are  liable  to  ossify. 

Lastly,  chondromas  are  liable,  as  has  already  been  said,  to  show  a 
certain  malignancy,  forming  secondary  tumours,  especially  in  the  lungs. 
This  is  connected  with  the  frequently  mixed  character  of  these 
tumours  and  their  association  especially  with  sarcomas  and  cancers. 

Literature. — A.  Cooper,  Surgical  Essays,  1818;  Virchow,  Geschwulste,  i.,  435; 
Murchison,  Edin.  Monthly  Jour.,  1852 ;  Syme  (Congenital  enchondroma),  Lancet, 
1855,  p.  116. 

5.— THE  OSTEOMA  OR  BONY  TUMOUR. 
In  this  class  are  included  tumours  composed  of  bone,  not  mere  new- 
formations  due  to  inflammation, 
nor  tumours  in  which  bone 
exists  as  a  subordinate  element 
with  other  tissue. 

The  large  majority  of  bony 
tumours  grow  from  bone,  and 
are  hence  called  Exostoses.  In 
regard  to  their  structure,  some 
are  like  spongy  bone  with  the 
interstices  filled  with  ordinary 
bone -marrow,  and  some  are 
composed  of  dense  bone  such  as 
forms  the  shaft  of  a  long  bone, 
and  are  called  ivory  exostoses. 

There  are  also  tumours  which 
originate  in  the  teeth.  When 
these  are  composed  of  cement, 
they  are  properly  called  dental 
osteomas,  but  when  formed  of 

Fig.  99.— Cartilaginous  spongy  exostosis  of  fe- 
mur. (Virchow.)  dentine,  odontomas.    The  latter 

term,  however,  is  often  applied  to  either  form.     The  tumour  may 


OSTEOMA. 


263 


be  little  more  than  a  local  enlargement  of  the  fang,  rendering  extrac- 
tion difficult,  or  there  may  be  a  distinct  tumour,  growing  sometimes 
to  the  size  of  a  walnut.  In  the  latter  case  it  is  usually  a  true  odon- 
toma, composed  of  a  structure  like  dentine. 

Of  the  proper  exostoses  several  forms  are  distinguished. 

(1)  The  Spongy  exostosis,  or*the  Exostosis  cartilaginea  (Fig.  99). 
These  tumours  occur 
mostly  at  the  epiphyses 
of  the  long  bones,  and 
are  derived  primarily 
from  the  epiphysial  car- 
tilage. A  rather  favour- 
ite seat  is  the  dorsal  as- 
pect of  the  last  phalanx 
of  the  great  toe,  where 
they  project  beneath  the 
nail  and  produce  great 
pain  and  discomfort. 
The  small  tumour  fig- 
ured (see  Fig.  100)  grew 
on  the  first  phalanx  of 
the  thumb.  They  grow 
during  childhood,  and, 
just  as  the  cartilage 
from  which  they  ori- 
ginate ossifies,  so  do  they,  and  the  bony  tumour  formed  is  directly 
continuous  with  the  bone  beneath.  The  tumour  begins  as  a  small 
outgrowth,  and  so  the  first  bone  formed  is  a  narrow  piece.  The 
cartilage,  as  it  goes  on  growing,  enlarges  in  every  direction,  and  so 
overhangs  its  base,  the  tumour  thus  becoming  larger  as  it  grows 
outwards,  and  consequently  pedunculated.  The  tumour  consists 
of  spongy  bone  with  a  thin  layer  of  cartilage  on  its  surface.  It  is 
enough  to  snip  through  the  base  in  order  to  remove  the  tumour. 

(2)  The  Ivory  exostosis  is  mostly  met  with  on  the  bones  of  the 
head,  but  also  on  the  pelvis,  scapula,  great  toe,  etc.  The  tumours 
are  usually  rounded  in  form,  and  may  be  tuberculated  on  the  surface. 
In  their  favourite  seat  on  the  head  they  may  grow  from  the  external 
table  and  project  externally,  or  from  the  internal  table  and  project 
internally  (as  in  Fig.  101),  in  which  case  they  may  produce  irritation 
of  the  brain  substance  beneath.  It  sometimes  happens  that  an  ivory 
exostosis  grows  from  corresponding  parts  of  both  external  and  internal 
tables.    These  tumours  are  sometimes  multiple  (as  in  Fig.  102). 


Fig.  100.— Small  exostosis  from  phalanx  of  finger.  It  is 
composed  of  cancellated  tissue  with  an  external  layer  of 
dense  bone,    x  8. 


I 
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(3)  Hyperostosis  and  Periostosis  are  names  applied  to  growths  of 
bone  which  are  not  properly  tumours.    They  are  localized  thickenings 

of  bones  or  portions  of 
bones.  This  growth  of 
particular  parts  of  the 
bones  of  the  head  may 
become  so  independent  in 
its  manner  that  the  char- 
acters of  a  tumour  are 
simulated. 

Osteomas  of  other  parts 
than  bones  are  rather 
rare.  It  is  remarkable, 
however,  that  bony  masses 
occur  sometimes  in  the 
central  nervous  system. 
They  are  met  with  in  the 
arachnoid,  where  they 
used  to  be  regarded  as  evidences  of  chronic  irritation,  and  are 
hardly  tumours.    Actual  tumours  occur  in  the  dura  mater,  and  even 


Fig.  101.— Internal  ivory  exostosis  of  the  frontal  bone. 
The  surface  is  tuberculated,  and  the  tumour  has  a  narrow 
base.  It  was  situated  to  the  left  of  the  falx  (/).  Natural 
size.  (Virchow.) 


Fig.  102.— Multiple  exostoses  of  the  frontal  bone.    Natural  size.  (Virchow.) 

in  the  brain  substance.  They  are  also  met  with  in  the  eyeball,  in 
the  lungs,  and,  as  little  bony  granules,  in  the  skin. 

Literature. — Weber,  Die  Knochengeschwiilste,  1856;  Virchow,  Geschwiilste,  ii., 
1  and  53  (Odontoma).  Bland  Sutton  (Odontoma),  Tumours  Innocent  and  Malig- 
nant, 1893. 
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6. — THE  MYOMA  OR  MUSCULAR-TISSUE  TUMOUR. 

These  are  tumours  in  which  muscular  tissue  is  the  essential  constitu- 
ent, but  just  as  all  muscles  have  supporting  connective  tissue  so  have 
these,  some  more,  some  less.  As  there  are  two  kinds  of  muscle,  so  are 
there  two  forms  of  muscular  tumour,  those  composed  of  striated,  and 
of  smooth  muscle  respectively. 

The  Myoma  strio-cellulare  or  Rhabdomyoma  is  very  rare.  Tumours 
of  this  structure  are  probably  always  congenital.    They  have  been  seen 


Fig.  103.— Section  of  a  myoma  of  the  uterus  stained  with  carmine.  The  muscular 
nuclei  are  seen  in  longitudinal  and  transverse  section.     X  350. 


in  the  heart,  kidneys,  ovaries,  and  testicles.  The  tumour  is  not  usually 
composed  of  ordinary  striated  muscle,  but  the  muscular  fibre  is  em- 
bryonic in  character,  consisting  of  spindle-shaped  cells,  which  are 
transversely  striated.  Tumours  of  this  kind  have  strong  analogies 
'  with  sarcomas,  and  are  sometimes  designated  myo-sarcomas.  Besides 
this,  similar  rudimentary  muscle  is  occasionally  met  with  in  other 
forms  of  sarcoma,  in  cystic  tumours  of  the  ovary  and  testicle,  and 
in  teratomas. 

The  Myoma  lsevi-cellulare  or  Leiomyoma  is  an  exceedingly  common 
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form  of  tumour,  and  is  met  with  in  almost  every  part  where  smooth 
muscle  exists  normally.  According  to  the  amount  and  density  of  the 
interstitial  connective  tissue  is  the  consistence  of  the  myoma — it  may 
be  very  dense  and  warrant  the  name  Fibro-myoma,  or  it  may  be  so 
hard  as  to  resemble  cartilage. 

Myomas  are  often  described  as  fibrous  tumours,  and  in  appearance 
they  justify  this  designation.  To  the  naked  eye  they  appear  fibrous 
on  section,  and  even  under  the  microscope  they  show  a  fibrous 
appearance.  On  adding  acetic  acid  to  a  microscopic  section,  or  on 
staining  with  carmine  or  other  agent,  the  fibres  are  seen  to  be  much 
more  abundantly  nucleated  than  ordinary  connective  tissue.  In  fact, 
rod-shaped  nuclei  (not  spindles  as  in  connective  tissue)  are  so  closely 
set  as  at  once  to  suggest  a  cellular  tissue  (see  Fig.  103).  It  may 
here  be  remarked  that  in  the  unimpregnated  uterus  there  is  the 
same  difficulty  in  distinguishing  the  individual  spindle-cells.  In  both 
cases,  however,  the  cells  may  be  isolated  by  macerating  the  tissue 
for  twenty-four  hours  in  a  20  per  cent,  solution  of  nitric  acid,  or 
for  twenty  to  thirty  minutes  in  a  34  per  cent,  solution  of  caustic 

potash.  This  makes  the 
tissue  rotten,  and  separ- 
ates the  cells,  which  are 
recognized  as  spindles 
(as  in  Fig.  104). 

Myomas  always  arise 
where  muscle  already 
exists,  and  as  smooth 
muscle  is  most  frequent 
in  the  walls  of  mucous 
canals  and  cavities,  it  is 
there  that  they  usually 
originate.  The  tumour 
may  be  continuous  with 

Fig.  104. — Muscular  fibre  cells  from  a  myoma  isolated  by 
steeping  in  nitric  acid,    x  350.  the  muscular  Wall,  form- 

ing an  outgrowth  from  it,  or  it  may  be  distinctly  isolated  and 
encapsuled.  It  may  remain  in  the  substance  of  the  muscular  wall 
(intraparietal  or  intramural),  or  it  may  slip  inwards  so  as  to  bulge 
under  the  mucous  membrane  (submucous),  or  it  may  pass  outwards 
and  present  under  the  serous  coat  (subserous).  In  the  two  latter  cases 
the  tumours  often  become  polypoid. 

By  far  the  most  frequent  seat  of  the  myoma  is  the  female  organs 
of  generation,  generally  the  uterus,  but  also  the  ligaments  and  ovaries. 
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The  so-called  uterine  fibroids  are  myomas,  and  the  most  important 

of  these  are  the  submucous  which  so  frequently  become  polypoid, 

and  give  rise  to  haemorrhage,  sloughing,  etc. 

In  the  prostate  the  hypertrophy  frequently  met  with  in  old  men 
j  is  really  from  the  formation  of  muscular  tissue,  and  the  third  lobe 

which  forms  a  prominent  bulging  projection  at  the  neck  of  the 

bladder  is  an  outgrowth  from  the  muscle  of  the  prostate.  Some- 
j  times  there  are  even  isolated  muscular  tumours  in  the  midst  of  the 

prostate.     This  form  of  tumour   is  to  be  distinguished  from  the 

glandular  tumour,  which  is  a  much  rarer  form  of  hypertrophy  and 
|  occurs  mostly  in  young  men.  Myomas  of  the  oesophagus,  stomach, 
|  and  intestine  are  infrequent,  and  are  usually  submucous.    They  have 

also  been  seen  in  the  urinary  bladder. 

Myomas  of  the  skin  and  subcutaneous  tissue  occupy  a  peculiar 
|  position.  We  have  first,  obvious  myomas  growing  usually  in  parts 
I  rich  in  muscle  such  as  the  nipple  and  scrotum.  We  have  further 
I  multiple  myomas  of  the  skin,  forming  well-defined  tumours  which 

are  sometimes  very  painful.  Lastly  there  is  the  so-called  Tuber cula 
!  Dolorosa  which,  at  least  in  most  cases,  is  a  myoma,  if  not  in  all. 
i  It  merits  a  special  description. 

The  painful  subcutaneous  tubercle,  Tubercula  dolorosa,  or  Wood's 
I  tumour,  is,  in  most  cases  at  least,  a  subcutaneous  myoma.    It  occurs 

in  the  form  of  a  small  round  tumour  under  the  skin  (see  Fig.  105), 


c- 

f 

** 

Fig.  105.— Tubercula  dolorosa.    The  epidermis  and  cutis  are  seen  in  section.  The 
round  tumour  is  situated  in  the  subcutaneous  fat.    x  8. 

and  is  commonly  the  seat  of  intense  pain.    The  pain  indicates  some 
|  connection  with  the  nerves,  but   there  is  no  demonstrable  nerve 
fibre  to  be  traced  into  the  tumour.     According  to  Virchow  there 
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are  tumours  of  various  structure  in  this  category,  myomas,  angiomas, 
neuromas.  Axmann  has  suggested,  with  some  probability,  that  the 
little  tumour  may  in  some  cases  be  an  enlarged  Pacinian  body. 
Recently  Hoggan  has  described  one  which  he  believes  to  be  an 
adenoma  of  the  sweat-glands,  but  which  Virchow  rather  takes  to  be 
an  angioma.  In  the  cases  from  which  our  figures  are  taken  (Figs. 
105,  106,  and   107)  the  tumours  consisted  of  a  dense  interlacing 


Fig.  106.— Section  of  painful  subcutaneous  tumour,    x  100. 


network  of  fibres,  very  suggestive  of  a  myoma  (Fig.  106).  On 
macerating  portions  in  nitric  acid  the  tissue  broke  up  into  large 
spindle  cells,  as  shown  in  Fig.  107.  These  tumours  are  probably 
myomas  of  the  skin,  and  several  others  examined  by  the  author  had 
a  similar  structure.  The  view  that  these  tumours  are  myomas  is 
confirmed,  not  only  by  several  further  observations  by  the  author, 
but  by  those  of  Malherbe  who,  in  five  consecutive  cases,  found  the 
structure  to  be  uniformly  that  of  the  myoma.  This  author  believes 
that  whilst  other  tumours  of  the  skin  may  be  painful,  yet  that  the 
myoma  has  a  place  and  symptomatology  of  its  own  and  constitutes 
the  true  Tubercula  dolorosa. 

The  muscular  tissue  of  the  tumour  probably  arises  from  the 
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arrectores  pilse  of  the  skin.  The  tumour  tends  like  other  myomas 
to  slip  from  its  original  position  and  to  pass  into  the  loose  sub- 
cutaneous tissue.     It  may  be  this  shifting  of  position,  by  causing 


Fig.  107. — Portion  of  tubercula  dolorosa  after  maceration  in  nitric  acid.  Large 
spindles  are  isolated,  probably  smooth  muscle  cells,    x  350. 


dragging  on  the  sensitive  nerve  twigs  of  the  skin,  which  leads  to 
the  paroxysms  of  pain. 


Fig.  108.— From  a  myoma,  a  portion  of  which  has  become  calcined.  a,  muscular 
fibre-cells  impregnated  with  lime  salts  ;  b,  a  blood-vessel  with  wall  incrusted. 
X  350. 

The  myoma  is  of  slow  growth.  It  may  go  on  as  long  as  thirty 
or  forty  years,  and  may  reach  a  very  great  weight,  as  much  as 
60  lbs.  It  is  nearly  always  an  innocent  tumour,  but  a  case  is 
recorded  by  Brodowski  in  which  a  large  myoma  of  the  stomach  gave 
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rise  to  secondary  tumours  in  the  liver.  Retrograde  changes  may 
occur,  such  as  fatty  degeneration,  resulting  in  shrinking  or  the  for- 
mation of  cysts..  If  induration  occurs  from  formation  of  hard  con- 
nective tissue,  this  may  calcify,  leaving  the  muscular  tissue  in  the 
spaces  between  the  calcified  trabecule.  In  some  cases,  from 
derangements  of  the  circulation  in  large  tumours,  we  may  have  an 
actual  necrosis  of  a  portion  of  the  muscular  substance,  resulting 
sometimes  in  absorption  and  the  formation  of  a  cyst.  In  other 
cases,  the  dead  structures  become  calcified  as  in  Fig.  108,  where 
muscular  elements,  connective  tissue,  and  walls  of  blood-vessels  were 
all  found  impregnated  with  lime.  As  the  myomas  so  readily  become 
polypoid,  they  are  liable  to  be  insufficiently  nourished,  as  the  neck 
gets  thinner ;  sloughing  may  even  occur,  especially  if  they  present 
on  a  mucous  surface,  and  become  exposed  to  injury.  Such  tumours 
are  also  liable  to  bleed,  especially  as  the  vessels  in  them  sometimes 
undergo  great  dilatation. 

Literature. — A  considerable  number  of  isolated  cases  of  Khabdomyoma  are 
recorded.  A  list  of  these  is  given  by  Kolessnikow  in  Virch.  Arch.,  lxviii.,  554, 
and  by  Huber  and  Bostrom,  D.  Arch.  f.  klin.  Med.  xxiii.,  208  ;  see  also  Cohn- 
heim,  Virch.  Arch.,  lxvi. ;  Marchand,  do.,  lxxiii.  and  c.  (in  last-mentioned  paper, 
Glycogen  found  in  muscle).  Bland  Sutton,  Tumours,  1893.  Leiomyoma — Vir- 
chow's  Geschwiilste,  iii. ;  Judassohn  (Multiple  Myomas  of  skin),  Virch.  Arch., 
cxxi.,  1890.  Tubercula  dolorosa — Wood,  Edin.  Med.  and  Surg.  Jour.,  1812 ; 
Virchow,  Geschwiilste,  iii.,  236 ;  Hoggan  and  Virchow,  Virch.  Arch.,  lxxxii., 
1880;  Malherbe,  Congres  International,  Copenhague,  1884,  i.,  117. 

7.— THE  NEUROMA  OR  NERVOUS-TISSUE  TUMOUR, 

A  neuroma  is  properly  a  tumour  composed  of  nerve  tissue.  As 
there  are  two  kinds  of  nerve  tissue  so  we  may  distinguish  a  gan- 
glionic and  a  fibrous  neuroma.  There  are  some  cases  of  small  tumours 
projecting  from  the  cortex  of  the  brain  which  may  be  named  gan- 
glionic neuromas,  but  they  are  excessively  rare,  and  the  name  neuroma 
is  virtually  reserved  for  tumours  of  nerve  stems. 

All  tumours  of  nerve  steins  are  usually  designated  neuromas,  but 
as  such  tumours  may  really  be  composed  of  fatty,  mucous,  or  fibrous 
tissue,  it  has  become  customary  to  distinguish  those  which  actually 
contain  new  formed  nerve  fibres  as  true  neuromas,  and  the  others  as 
false  neuromas. 

The  true  neuroma  is  composed  of  nerve  fibres,  which  may  be  either 
medullated,  as  in  the  ordinary  cerebro-spinal  nerve,  or  non-medullated. 
One  of  the  most  striking  forms  is  the  so-called  Amputation  neuroma 
(Fig.  109),  which  is  a  very  frequent  lesion  in  stumps.    Dr.  Sutherland 
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has  found  them  7  times  out  of  7  cases.  The  tumours  are  usually 
multiple,  and  form  bunches  of  little  knobs  which  have  a  hard  con- 
sistence, and  to  the  naked  eye  look 
fibrous.  Under  the  microscope 
medullated  nerve  fibres  are  found 
running  in  bundles,  but  there  are 
also  many  fine  fibres  which  are 
probably  non  -  medullated  nerve 
fibres.  It  is  in  this  case  as  if  the 
cut  end  of  the  nerve  had  made  an 
attempt  at  regeneration  of  the  lost 
portion.  Allied  to  this  form  is  the 
traumatic  neuroma,  occurring  as 
the  result  of  injury  in  the  course 
of  a  nerve. 

But  neuromas  occur  in  the  course 
of  nerves  spontaneously,  and  they 
are  often  multiple,  forming  oval 
swellings,  hard  and  fibrous  in  ap- 
pearance. They  contain  much 
fibrous  tissue,  in  the  midst  of  which 
there  are  medullated  nerve  fibres 
(see  Fig.  110)  recognizable  in  the 
fresh  state  by  the  double  contour, 
especially    when    the  connective 

tissue  has  been  rendered  transparent  by  acetic  acid  or  liquor  potassse. 
But  usually  in  addition  to  these  medullated  fibres,  there  are  fine 


Fig.  109. — Amputation  neuromata  in  a 
stump.  The  internal  and  external  popliteal 
nerves  are  involved.  The  amputation  was 
ten  years  before. 


Fig.  110. — Transverse  section  of  a  neuroma.     The  medullated  nerve  fibres  are 
shown,  the  appearance  being  much  like  that  of  the  section  of  a  nerve,    x  SO. 

j  nucleated  fibres,  which  Virchow  regards  as  non-medullated  nerve 
fibres.    In  some  neuromas  these  are  very  abundant.    An  interesting 
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but  rare  form  is  the  Plexiform  neuroma.  In  it  the  nerves  in  an  area 
of  the  skin  become  enlarged,  so  that  the  part  to  the  touch  feels  like  a 
congeries  of  worms.  The  enlarged  nerves  vary  from  the  size  of  a  crow- 
quill  to  that  of  the  thumb.    The  tumours  are  mostly  congenital. 

There  is  no  doubt  that  most  tumours  of  nerves  are  really  false  neuromas.  This 
applies,  as  we  have  seen  at  p.  255,  even  to  the  multiple  tumours  which  have 
been  usually  regarded  as  the  typical  neuromas.  It  applies  also,  at  least  in  part, 
to  the  amputation  neuromas.  It  is  obvious  that  as  a  nerve  stem  is  composed 
of  connective  tissue  and  nerve  fibres,  it  must  be  often  very  difficult  to  determine 
whether  there  has  been  new-formation  of  nerve  fibres  or  not.  It  seems  question- 
able whether  it  is  worth  while,  for  the  sake  of  consistency  in  nomenclature, 
to  attempt  to  restrict  the  term  neuroma  to  those  actually  composed  of  nerve 
tissue. 

Literature. — Virchow,  Geschwiilste,  iii.,  233;  E.  W.  Smith,  On  Neuroma,  1849; 
Wood,  On.  painful  subcutaneous  turn.,  1812 ;  Paget,  Lect.  on  surg.  path.,  3rd  ed., 
p.  490.  On  false  neuroma,  see  especially  Kecklinghausen,  Ueber  multiplen 
Fibrome,  1882;  Kriege,  Virch.  Arch.,  cviii. ;  Westphalen,  Virch.  Arch.,  ex.; 
Philippson,  Virch.  Arch.,  ex.  Plexiform  Neuroma — Bruns,  Virch.  Arch.,  1.,  1870; 
Lecroix  and  Bonnand,  Arch,  and  Med.  Exper.,  ii.,  1890. 

8.— THE  ANGIOMA  OR  VASCULAR  TUMOUR. 

We  have  here  a  tumour  composed  of  blood-vessels  or  lymphatics. 
The  tumour  varies  in  bulk  according  to  the  fulness  of  the  vessels, 
hence  some  of  them  are  occasionally  designated  Erectile  tumours. 
The  term  Nsevus,  though  really  meaning  nativus,  or  congenital  mark 
of  any  kind,  is  almost  synonymous  in  its  use  with  angioma  of  the 
surface. 

The  commonest  form  is  (1)  the  Plexiform  or  Capillary  angioma. 

This  includes  most  of  the  vascular  nsevi,  and  consists  of  capillary 
and  intermediate  vessels  forming  a  rich  plexus.  It  is  mostly  a  growth 
of  the  skin,  and  may  be  very  small  or  cover  a  large  area,  forming 
a  flat  soft  surface  of  dark  or  bright  hue.  It  is  nearly  always  con- 
genital, although  it  may  increase  in  size  after  birth.  Minute  capillary 
nsevi  are  very  common,  and  are  frequently  multiple.  These  capillary 
nsevi  graduate  into  (2)  the  Venous  or  Varicose  nsevi,  or  those  con- 
sisting of  dilated  veins  (Fig.  111).  They  have  similar  situations  to 
the  capillary  form  and  similar  appearances. 

(3)  The  Cavernous  angioma  consists  of  tissue  like  that  of  the 
corpus  cavernosum  of  the  penis  or  clitoris,  namely,  a  network  with 
meshes  which  communicate  freely  and  are  filled  with  blood.  When 
empty  they  are  seen  to  be  composed  of  a  pale  tissue,  in  its  texture 
resembling  a  sponge,  with  variously  thick  trabeculse  and  variously 
wide  spaces.    These  trabeculae  are  all  accurately  lined  with  endo- 
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thelium,  and  consist  of  connective  tissue  with  some  muscular  fibre- 
cells.     These  tumours  are  usually  more  or  less  prominent  (ncems 


Fig.  111.— Section  of  skin  in  a  case  of  diffuse  venous  najvus.    The  large  sinuses 
(shaded)  are  seen  to  lie  superficially  between  the  hair-follicles  and  glands.  (Vihchow.  ) 

p'ominens) ;  they  are  erectile  and  sometimes  pulsatile.  Sometimes 
the  tumour  merges  into  the  neighbouring  vessels  without  distinct 
boundary,    but  some- 
times it  has  a  distinct 
connective   tissue  cap 
sule,   which,  however, 
appears  to  be  of  secon- 
dary formation.  Some 
times  also  it  is  indurated 
in  the  centre,  and  the 
induration  may  gradu- 
ally lead  to  the  oblitera- 
tion of  the  spaces  and 
the  destruction  of  the 
tumour.  These  tumours 

are  not  so  usually  congenital  as  the  former  kind,  but  they  come  on 
in  childhood  at  latest,  and  they  may  develop  out  of  the  other  form. 

The  skin  is  a  frequent  seat  of  the  cavernous  angioma,  especially  that 
of  the  face  and  head,  but  also  sometimes  of  the  trunk  or  limbs.  They 
are  also  met  with  in  the  liver,  not  forming  prominent  tumours,  but  simply 
replacing  a  piece  of  liver  tissue  by  cavernous  tissue.    (See  Fig.  112.) 


Fig.  112.- 
are  shown, 
during  life. 


Cavernous  angioma  of  liver.  The  fibrous  septa 
The  spaces  between  were  occupied  with  blood 
x  90. 
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(4)  The  Lymphangioma  is  a  tumour  composed  of  lymphatic 
vessels.  Two  forms  have  been  distinguished  here  also,  namely,  the 
Plexiform  and  Cavernous.  The  former  consists  of  a  congeries  of 
dilated  lymphatics,  while  the  latter  forms  a  more  definite  tumour. 
Sometimes  the  spaces  dilate  so  as  to  form  complex  cysts. 

These  tumours  are  mostly  congenital,  and  they  form  a  considerable 
proportion  of  the  Congenital  cystic  tumours.  The  cavernous  form 
seems  to  be  the  cause  of  the  congenital  enlargements  of  the  tongue, 
to  which  the  name  Macroglossia  is  applied,  as  well  as  of  similar 
enlargements  of  the  lips  and  cheeks.  In  certain  cases  of  elephantiasis 
there  is  a  great  dilatation  of  the  lymphatics  which  some  regard  as 
forming  angiomas. 

9. — THE  GLIOMA. 

This  is  a  tumour  with  the  structure  of  the  connective  tissue  of 
the  central  nervous  system,  the  Neuroglia.  In  examining  a  section 
of  the  brain  substance,  it  is  difficult  to  tell  what  is  really  nervous 
structure,  and  what  the  supporting  connective  substance,  but  when 
we  examine  the  surfaces  of  the  ventricles  we  find  that  the  ganglion 
cells  and  nerve-fibres  fall  away,  and  just  at  the  surface  or  ependyma 
we  have  what  is  presumably  a  purely  connective  substance.  When 
hardened  sections  are  examined,  this  is  seen  to  consist  of  a  finely 
reticulated  network  of  fibres  and  round  or  slightly  elongated  cells. 
In  the  fresh  state  the  fibres  are  not  obvious,  and  we  have  a  granular 
material.  This  connective  substance  has  some  of  the  characters  of 
mucous  tissue,  and  seems  allied  to  it. 

The  glioma  as  it  occurs  in  the  brain  does  not  usually  form  an 
isolated  tumour,  but,  being  continuous  with  the  brain  substance,  has 
more  the  appearance  of  a  swelling  of  part  of  the  brain.  4  It  is  seen 
also  that  the  different  shades  of  colour  of  different  parts  of  the 
brain  are  lost  when  a  glioma  takes  their  place.  Gliomas  are  usually 
soft  in  consistence  and  grey  in  colour,  so  as  to  resemble  brain 
substance,  but  they  sometimes  attain  considerable  density.  They 
sometimes  occur  as  small  granular  or  warty  projections  on  the  surface 
of  the  ventricles,  but  the  more  important  ones  involve  considerable 
portions  of  the  brain  substance. 

Under  the  microscope  the  glioma  is  seen  to  resemble  the  neuroglia, 
but  the  cells  are  much  more  abundant.  There  is  a  well-developed 
fine  or  coarse  net-work,  and  in  it  cells  with  oval  nuclei.  (See  Fig. 
113.)    The  cells  present  considerable  variety  in  size. 

Gliomas  being  soft  and  somewhat  cellular  tumours,  are  liable  to 
secondary  changes.     Haemorrhage  not  infrequently  occurs,  and  the 
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blood  causing  pressure  around,  the  case  may  end  like  one  of  haemor- 
rhagic  apoplexy.  The  tumour  may  also  undergo  fatty  or  caseous 
metamorphosis,  and  if 


Fig.  lib'.— Glioma  of  brain. 


a  limited  haemorrhage 
has  occurred  the  clot 
may  change  in  a  simi- 
lar way.  In  this  man- 
ner a  tumour  which 
had  originally  the  ap 
pearance  of  brain  sub- 
stance may  change 
considerably. 

The  tumour  is  usu- 
ally of  slow  growth 
and  non  -  malignant, 
except  in  the  sense 
that  on  account  of  its 
site  it  often  affects  im- 
portant parts  and  causes  death. 

Gliomas  occur  also  in  the  retina,  forming  soft  tumours  which  fill  up 
the  eyeball.  The  true  glioma  is  an  innocent  tumour,  but  sometimes 
it  assumes  a  sarcomatous  character  and  malignancy  is  developed. 

10.— THE  PSAMMOMA  OR  BRAIN  SAND  TUMOUR. 

The  pineal  gland  contains  calcareous  particles  like  grains  of  sand, 
and  tumours  are  met  with  in  which 
similar  particles  are  present.  It  is 
necessary,  of  course,  to  distinguish 
these  from  tumours  in  which  simply 
a  secondary  calcareous  infiltration 
has  occurred.  The  psammoma  is 
composed  of  soft  connective  tissue  in 
the  midst  of  which  there  are  calcare- 
ous masses  in  the  form  of  irregular 
globes,  rods,  or  spines.  (See  Fig. 
114.)  The  commonest  form  is  the 
globe,  which  has  rounded  projections 
on  its  surface  like  a  berry.  The 

origin  and  significance  of  these  masses  ^ shTwn"  Globular  Particles  of  brain  sand 
is  obscure.     The  tumours  are  met 

with  in  the  pineal  gland,  choroid  plexus,  and  brain  substance,  and 
are  usually  small.    They  also  occur  in  the  dura  mater,  where  they 


Fig.  114. — From  a  psammoma  of  the  brain 
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form  half  globular  tumours,  sometimes  as  large  as  a  cherry  and  either 
smooth  or  irregular  on  the  surface. 

The  calcareous  particles  probably  arise  by  deposition  around  the 
new-formed  vessels.  Besides  occurring  in  the  simple  psammoma,  they 
are  met  with  in  sarcomas,  myxomas,  and  other  forms  of  tumour. 

11.— LYMPHOMA  OR  LYMPHATIC  GLAND  TUMOUR, 

Under  this  designation  are  included  tumours  composed  of  typical 
lymphatic  gland  tissue.  Such  tumours  originating  in  glands  would 
be  scarcely  distinguishable  from  simple  hypertrophies  of  these.  It  is 
doubtful  whether  such  simple  lymphomas  exist.  Enlargements  of 
lymphatic  glands  occur  as  a  result  of  tuberculosis  and  syphilis,  and  in 
leukaemia,  but  these  all  belong  to  distinct  categories.  The  proper 
tumours  arising  in  lymphatic  glands  and  having  their  structure  are 
nearly  all  infective  or  sarcomatous  in  character. 

12. — THE  PAPILLOMA  OR  PAPILLARY  TUMOUR. 

By  this  name  is  meant  a  tumour  composed  of  a  congeries  of  exag- 
gerated papillae  like  those  of  the  skin,  or  like  the  villi  of  mucous  i 
membranes.  A  papilla  or  villus  consists  of  a  basis  of  connective  tissue 
in  which  there  is  a  loop  of  capillary  blood-vessel,  and  a  covering  of 
epithelium.  The  epithelium  is  like  that  of  the  surface  concerned,  and 
may  be  stratified  or  in  a  single  layer. 

Their  commonest  situation  is  the  skin,  where  they  form  the  Wart, 
which  is  an  overgrowth  of  a  group  of  existing  papillae  covered  with 
hard  epidermis.  At  the  surface  of  the  wart  the  papillae  may  be  covered 
over  with  a  continuous  layer  of  epidermis,  or  the  individual  papillae 
may  project  independently.  The  Horn  is  also  formed  on  the  basis 
of  a  group  of  papillae,  but  the  hard  horny  epidermis  is  greatly 
developed,  and  forms  a  consistent  outgrowth  of  considerable  dimen- 
sions. The  Condyloma  is  a  syphilitic  outgrowth  due  to  exaggeration 
of  the  papillae,  with  very  soft  epidermis.  It  occurs  near  the  genital 
organs  mostly. 

The  ordinary  wart  is  to  be  distinguished  from  the  Congenital  soft  warts  and  Moles. 
These  are  often  pigmented  and  sometimes  covered  with  hairs.  In  their  structure 
they  not  uncommonly  contain  tissue  composed  of  round  or  spindle-shaped  cells  and 
so  differ  altogether  from  the  true  warts.  It  is  these  soft  warts  and  moles  which  in 
after  life  are  liable  to  give  rise  to  sarcomas  or  cancers. 

On  mucous  membranes  papillomas  may  be  gathered  into  local 
tumours,  or  cover  a  considerable  surface,  giving  it  a  shaggy  villous 
appearance.  In  the  larynx  (Fig.  115)  they  often  form  localized  pro 
minent  tumours,  especially  on  the  vocal  cords.    They  are  not  uncom-  \ 
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mon  in  the  rectum.  In  the  urinary  bladder  they  are  of  considerable 
importance  on  account  of  their  tendency  to  haemorrhage.     In  this 


Fig.  115. — Papilloma  of  larynx:  e,  epithelium  ;  h,  connective  tissue;  g,  mucous 
glands  ;  /,  an  atrophied  gland,    x  20.    (Cornil  and  Ranvier.) 


\  situation  they  may  form  distinct  tumours  with  long  branched  papilla?, 
or  there  may  be  a  large  surface  which  is  simply  villous  in  appearance. 

i  The  papilla?  are  covered  with  delicate  epithelium,  and  are  liable  to 
severe  and  frequent  hemorrhage. 

The  papillomatous  cyst  is  an  important  form  of  tumour  of  the 

I  ovary.     It  is  more  fully  dealt  with  in  the  Section  on  Diseases  of 

|>  the  Generative  Organs. 

The  Pacchionian  bodies  of  the  arachnoid  are  really  papillary 
formations,  and  Dr.  Cleland  has  described  tumours  of  this  region 
which  seemed  to  arise  by  extreme  hyperplasia  of  these  papilla?. 

Literature. — Cleland,  Glas.  Med.  Jour.,  1861. 

13. — THE  ADENOMA  OR  GLANDULAR  TUMOUR. 

I  As  there  are  many  glands  of  different  structure,  so  are  there  various 
[  forms  of  adenoma.  The  several  forms  will  be  more  particularly 
1  described  under  their  respective  organs,  and  it  will  only  be  necessary 
here  to  enumerate  them.  We  have  the  mammary  (see  Fig.  116),  the 
prostatic,  the  thyroid,  the  renal,  and  the  hepatic  adenomas.  Besides 
these,  the  so-called  mucous  polypi,  although  often  formed  of  hyper- 
trophied  mucous  membrane,  frequently  contain  glandular  tissue  which 
is  apparently,  in  some  cases,  new-formed  (see  p.  255).  Again,  in 
ovarian  tumours  there  is  frequently  a  new-formation  of  gland -tissue 
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out  of  which  cysts  develop,  so  that  the  tumour  is  called  an  adeno- 
cystoma. 

The  term  adenoma  is  not 
commonly  used  for  tumours 
composed  of  lymphatic -gland" 
tissue,  although  the  expres- 
sion lymph-adenoma  is  not 
infrequently  employed.  As 
the  structure  of  lymphatic 
glands  differs  so  markedly 
from  that  of  the  epithelial 
glands  it  is  perhaps  better  to 
reserve  the  term  adenoma  for 
the  latter,  and  to  use  that  of 
lymphoma  for  the  former. 

A  rather  unfortunate  cus- 
tom of  calling  lymphatic 
tissue  "adenoid  tissue,"  with- 
out specifying  that  it  is  lym- 
phatic, has  become  somewhat 
prevalent.    It  would  conduce 


Fig.  116.— Mammary  adenoma.  Gland  tissue  with 
partial  dilatation  of  duct.    X  04. 


to  clearness  if  the  term  lym- 
phoid tissue  were  used  instead. 


1 4.  — CYSTOMA.  CYSTS. 

A  cyst  is  a  cavity  having  a  defined  wall  composed  of  connective 
tissue  lined  with  epithelium,  and  containing  more  or  less  fluid 
contents. 

The  modes  of  formation  of  cysts  are  somewhat  various,  but  they 
all  imply  the  progressive  accumulation  within  the  sac  of  material 
which  has  generally  the  characters  of  glandular  secretion,  but  may 
be  simply  serous.  Hence,  with  few  exceptions,  cysts  arise  in  con- 
nection with  secreting  structures,  and  these  may  be  the  normal  glands 
or  else  structures  which  in  themselves  are  of  pathological  origin.  In 
the  former  case  there  is  the  retention  and  accumulation  of  the  normal 
secretion,  hence  the  name  Eetention  cyst,  and  in  the  latter  there  is 
an  abnormal  tissue  producing  secretion,  which  accumulates.  Besides 
these,  which  are  the  chief  modes  of  formation,  we  have  subordinate 
groups  arising  in  some  cases  by  dropsy  of  existing  structures,  in 
others  by  softenings  of  the  tissues,  more  especially  of  tumours,  and 
in  others  by  the  transformation  of  an  irregular  space,  such  as  a 
collection  of  blood  has  formed,  into  a  defined  cavity  or  cavities  con- 
taining fluid. 

The  cysts  thus  form  a  somewhat  heterogeneous  group,  and  only 
some  of  them  have  the  characters  of  tumours  in  the  sense  of  forming 
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independent  growths.  Those  arising  by  softening  are  entirely  sub- 
ordinate, and  are  not  to  be  regarded  as  tumour  formations.  On  the 
other  hand,  those  arising  from  accumulation  of  secretion  or  dropsical 
fluid  in  normal  structures,  may  or  may  not  have  the  characters  of 
tumours.  Where  there  is  a  progressive  increase  implying  a  new- 
formation  of  tissue  so  as  to  form  the  wall  of  the  enlarging  sac,  the 
characters  assume  very  much  those  of  a  tumour.  In  the  case  of  cysts 
formed  from  some  new-formed  pathological  tissue,  the  characters  of 
a  tumour  are  complete,  and  it  may 
be  proper  to  reserve  the  name 
Cystoma  for  them. 

(1)  Retention  cysts. — These  arise 
from  glands  by  retention  of  their 
secretion  owing  to  obstruction  or 
obliteration  of  the  ducts.  Examples 
of  this  on  a  large  scale  are  furnished 
by  cases  in  which  a  main  duct  is 
obstructed.  Thus  obstruction  of 
the  ureter  may  lead  to  the  conver- 
sion of  the  kidney  into  a  large 
cystic  cavity  (hydronephrosis). 
Obstruction  of  the  cystic  duct 
may  cause  the  gall  bladder  to 
form  a  large  sac ;  and  closure  of 
the  orifice  of  the  vermiform  ap- 
pendage may  lead  to  the  formation 
of  a  large  cyst.  (See  further  under 
their  respective  headings.)  On  a 
smaller  scale  we  find  in  the  kidney, 
liver,  and  mamma,  multiple  cysts 
formed  by  accumulation  of  secretion  in  the  tubules  and  ducts.  In 
the  kidney  the  cysts  grow  to  such  an  extent  that  we  have  a  cystic 
transformation  of  the  kidney  (see  Fig.  117). 

Mucous  cysts  also  form  an  important  group  of  retention  cysts. 
They  occur  in  situations  where  mucous  glands  are  present,  their  chief 
sites  being  the  nostrils  and  communicating  cavities,  the  upper  surface 
of  the  epiglottis,  the  larynx,  the  oesophagus,  and  in  connection  with 
the  glands  of  Cowper  and  Bartolini. 

The  origin  and  mode  of  formation  of  the  mucous  cyst  has  been  carefully  studied 
by  Recklinghausen.  The  cyst  is  formed,  not  out  of  the  gland,  but  from  its  duct, 
and,  as  the  gland  persists,  its  secretion  is  thrown  into  the  cyst.  This  is  shown  in 
Fig.  118,  copied  from  Recklinghausen's  paper.    It  would  thus  appear  that  the  per- 


Fig-.  117.— Cystic  transformation  of  kidney, 
shown  in  section.  The  other  kidney  was  similar. 
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sistence  of  the  gland  is  an  essential  element  in  the  formation  of  the  cyst.  In  the 
enlargement  of  the  cyst  the  power  which  mucin  has  of  swelling  up  and  absorbing 


-)  a 


Fig.  US. — Formation  of  mucous  cysts  ;  a,  the  persistent  mucous  gland  tissue  ;  b, 
the  dilated  duct,    x  300.  (Recklinghausen.) 

water  is  of  some  consequence.  Before  a  regular  cyst  forms,  the  orifice  of  the  duct 
is  obstructed,  usually  by  an  inflammation  around  it.  But  on  account  of  the 
peculiarity  of  mucin  just  noticed,  a  small  temporary  cyst  may  form  without  any 
considerable  obstruction  of  the  duct.  If  a  quantity  of  mucin  is  discharged  into  the 
duct  it  may  swell  so  much  as  to  be  unable  at  once  to  escape  from  the  orifice  and  so 
form  a  small  cyst,  which  afterwards  discharges.  In  this  way  cysts  often  form  in 
the  mucous  membrane  of  the  mouth. 

Cysts  arising  in  mucous  polypi  have  a  similar  mode  of  formation  to  that  just 
described.  The  obstruction  of  the  orifices  is  here  the  more  likely,  as  the  polypus 
itself  usually  originates  in  connection  with  a  chronic  inflammation  of  the  mucous 
membrane. 


(2)  Cysts  by  Dilatation  of  pre-existing  spaces. — Such  cysts  may 
be  from  dropsy,  as  in  the  ovary,  where  we  often  have  many  cysts  from 
accumulation  of  fluid  in  Graafian  vesicles  (see  under  Diseases  of  the 
Ovaries).  Again,  serous  cysts  form  by  dilatation  of  lymphatics  and 
of  serous  spaces  in  the  connective  tissue.  Another  example  is  afforded 
by  the  thyroid  gland,  where  the  colloid  degeneration  in  the  saccules 
may  lead  to  the  formation  of  cysts,  which  enlarge  both  by  accumula- 
tion of  their  contents  and  coalescence  of  neighbouring  ones. 

(3)  Dermoid  cysts. — These  are  cysts  which  warrant  the  name  of 
cystoma  as  their  walls  are  not  formed  from  normal  tissue,  but  are 
themselves  of  pathological  origin.  The  wall  of  the  cyst  is  formed  of 
tissue  like  that  of  the  skin,  and  the  contents  are  epidermis  and 
sebaceous  matter.  The  simplest  of  them  are  found  in  and  under 
the  skin,  and  they  arise  from  inclusion  of  foetal  rudiments  of  the 
skin.     Thus,  as  already  mentioned,  the  imperfect  closure  of  the 
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branchial  clefts  may  give  rise  to  a  dermoid  cyst  in  the  neck.  Dermoid 
cysts  in  the  scalp  constituting  wens  are  very  simple  in  structure, 
whilst  those  of  the  face  are  more  complex,  often  containing  hairs. 
Still  more  complex  are  the  dermoid  cysts  of  the  ovary,  which  arise 
apparently  from  the  ovum,  and  usually  contain,  besides  skin  struc- 
tures, bone,  cartilage,  teeth,  etc.  Such  complex  cysts  may  even  be 
classed  among  the  Teratomas.  Similar  cysts  have  been  met  with, 
though  very  rarely,  in  the  testicles,  brain,  orbit,  lung,  peritoneum, 
and  elsewhere. 

(4)  Cysts  from  new-formed  gland  tissue.— Cysts  of  the  ovary 
frequently  arise  from  glandular  tissue  (see  Fig.  119).  These  tumours 
will  be  fully  described  in  the 
section  on  diseases  of  the  ovaries. 
The  gland  tissue  has  no  ducts, 
and  as  the  epithelium  produces 
a  mucous  or  other  secretion 
there  is  great  distension  result- 
ing in  the  formation  of  cysts. 
Sometimes  the  gland  tissue  is 
rather  in  the  form  of  villous  or 
papillary  processes,  the  cysts 
forming  by  the  union  of  these 
processes  and  accumulation  in 
their  recesses. 

(5)  Parasitic  cysts. — Certain 

parasitic  animals  (the  Ta3nise  Or       Fig.  119.— From  a  colloid  ovarian  cystoma.  Gland- 
.      .  in    like  tissue  and  the  beginnings  of  cysts,     x  70. 

tape-worms)   m   one   phase  of 

their  development  in  different  species  of  animals,  occur  in  the  form 
of  cysts  (so-called  bladder  worms).  Around  these  parasites  the  tissues 
of  the  animal  form  sacs  composed  of  connective  tissue.  The  most 
important  example  of  this  is  the  so-called  hydatid  cyst  which  occurs 
in  connection  with  the  taenia  echinococcus  and  sometimes  attains  large 
dimensions. 

(6)  Secondary  cysts. — Cysts  of  subordinate  importance  are  formed 
chiefly  as  a  result  of  haemorrhage  or  of  softening.  Extravasation  cysts 
result  from  the  changes  which  may  occur  after  haemorrhage.  This 
is  exemplified  in  the  case  of  the  apoplectic  cyst  where  the  blood- 
clot  and  softened  brain  substance  are  replaced  by  connective  tissue 
containing  fluid  in  its  meshes.  Such  cysts  may  occur  from  softening 
of  the  brain  without  haemorrhage. 

Cysts  in  tumours  sometimes  originate  by  dilatation  of  glandular 
structures  and  hence  are  very  common  in  adenomas.    They  also  occur 
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not  infrequently  from  softening  of  the  tumour  tissue.  This  is  especially 
the  case  in  large  tumours  and  in  those  whose  tissue  is  already  com- 
paratively soft.  All  forms  of  tumours  when  they  grow  to  a  large  size 
are  liable  to  have  cavities  in  their  central  parts  due  to  softening.  On 
the  other  hand  the  soft  sarcomas  often  contain  cysts  without  attaining 
to  large  dimensions.  These  latter  cysts  often  contain  blood,  and 
indeed  the  tumour  may  present  little  more  than  the  characters  of  a 
cyst  filled  with  blood.  Blood-cysts  are  apparently  for  the  most  part 
sarcomas  which  have  undergone  this  process.  (Godlee.) 

Literature. — Virchow,  Geschwiilste,  L,  Lecture  ix. ;  Butlin,  Internat.  Ency.  of 
Surg.,  iv.,  655;  Recklinghausen,  Virch.  Arch.,  lxxxiv.,  425;  Godlee,  Path.  Trans., 
xxvii.,  270;  Bland  Sutton,  On  tumours,  1893. 

15.— TERATOMA. 

This  name  has  been  applied  by  Virchow  to  tumours  into  the  struc- 
ture of  which  a  number  of  very  different  tissues  enter.  The  name  is 
derived  from  rkpas,  a  monster.  The  tumour  contains  various  structures 
of  the  body  as  if  from  an  ill-arranged  foetus.  Thus  we  may  have  in 
such  tumours  skin,  bone,  muscle,  glands,  nervous  tissue. 

Some  of  these  tumours  arise  by  the  abnormal  inclusion  of  a  portion 
of  a  double  monster  (see  pp.  41  and  43).  They  are  most  frequently 
met  with  in  positions  where  double  monsters  are  usually  attached 
to  each  other,  namely,  in  the  sacral  region  or  further  up  the  back, 
and  in  the  head  and  neck.  They  are  also  somewhat  frequent  in  the 
ovary  where  they  may  arise  by  an  irregular  developmental  process, 
the  ovum  endeavouring  to  develop  some  of  the  perfect  tissues  of  the 
body. 

The  Sacral  teratomas  and  those  of  the  head  and  neck  are  the  more 
typical  ones.  They  frequently  contain  pieces  of  bone  which  simulate 
the  bones  of  the  foetus,  also  brain  substance  and  muscle. 

The  teratomas  of  internal  organs  do  not  usually  represent  such 
complete  systems  or  so  many  different  tissues  as  the  sacral.  They  are 
most  frequent  in  the  ovaries,  but  also  occur  in  the  peritoneum,  testes, 
lungs,  and  so  on.  The  dermoid  cysts  already  considered  are  the  chief 
representatives  of  this  group  in  internal  organs. 
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SECTION  IX.— Continued. 
B. — ATYPICAL  TUMOURS. 

I.  Sarcoma.  Definition.  Structure  ;  cells,  intercellular  substance,  blood-vessels. 
Place  of  origin.  Mode  of  growth  ;  local  malignancy  and  metastasis.  Changes 
in  structure  ;  induration,  ossification,  cystic  formation,  ulceration,  etc. 
Individual  forms.  1.  Round-celled,  2.  Spindle-celled,  3.  Giant-celled,  4. 
Pigmented,  and  5.  Plexiform  sarcomas.  Other  forms  described. 
II.  Carcinoma  or  Cancer.  Definition.  Structure  ;  cells,  stroma,  blood-vessels, 
lymphatics.  Origin  ;  from  existing  epithelium,  shown  in  many  cases,  hence 
its  localities  where  epithelium  exists.  Influence  of  age  and  sex.  Growth 
and  extension  ;  frequently  by  infiltration  ;  ulceration  ;  secondary  tumours  in 
lymphatic  glands  ;  generalization  by  implantation  of  grafts  ;  usual  seats  of 
secondary  tumours  ;  their  large  size  ;  their  mimicry  of  primary  tumours. 
Retrograde  changes  ;  fatty  degeneration,  chiefly.  The  local  nature  of  cancer. 
Individual  forms.  1.  Flat-celled  epithelioma,  including  Rodent  ulcer,  2. 
Cylinder-celled  epithelioma,  3.  Soft  or  medullary  cancer,  4.  Scirrhus,  5. 
Colloid  cancer,  6.  Melanotic  cancer,  7.  Mucous  cancer,  8.  Endothelioma. 


I.— SARCOMA. 

TN  its  literal  meaning  this  term  simply  indicates  a  fleshy  tumourr 
and  it  was  formerly  applied  in  a  very  indefinite  way.  Under 
the  influence  of  Virchow,  however,  it  has  come  to  include  a  group 
of  tumours,  which,  though  in  certain  respects  differing  in  structure, 
(yet  present  such  features  in  common  that  they  form  a  consistent 
[class  of  themselves. 

Definition. — The  sarcomas  may  be  defined  as  tumours  which  orig- 
inate in  one  or  other  of  the  forms  of  connective  tissue,  but  differ  in 
structure  from  their  mother-tissue  chiefly  in  respect  that  the  cells 
greatly  preponderate  over  the  intercellular  substance,  and  also  that 
phey  frequently  differ  greatly  in  size  and  shape.  This  definition 
ncludes  the  origin  of  the  tumour,  and  refers  also  to  the  atypical 
character  of  the  structure.  It  may  be  added  that  in  its  mode  of 
growth  the  sarcoma  is  also  atypical,  having  the  characters  of  malig- 
lancy  already  referred  to. 
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Structure. — Sarcomas  have  been  somewhat  aptly  compared  in 
structure  to  inflammatory  new-formations.  We  have  already  seen 
that  the  tendency  of  these,  as  exemplified  in  the  granulating  wound, 
is  to  develop  into  connective  tissue.  The  round  cells  pass  into 
spindle  cells,  and  then  the  connective  tissue  develops  out  of  the 
latter.  The  round  and  spindle  cells  may  thus  be  regarded  as  the 
preparatory,  or  in  a  certain  sense  embryonic  stage  of  connective 
tissue.  In  sarcomas  we  have  tumours  composed  of  round  cells,  and 
tumours  composed  of  spindle  cells,  with  little  or  no  tendency  to  further 
development,  as  if  the  embryonic  form  had  been  stereotyped  for 
the  whole  life  of  the  tumour.  Besides  these  forms  sarcomas  some- 
times contain  giant-cells  (myeloplaques).  We  know  that  cells  of 
this  nature  occur  normally  in  growing  bones  where,  as  Wegener  and 
Kolliker  have  shown,  they  exercise  an  important  function  (osteo- 
clasts), and  they  are  not  unknown  in  granulation-tissue,  even  apart 
from  bone.  They  also  are  to  be  regarded  as  connective  tissue  struc- 
tures, and  as  belonging  to  a  developmental  stage  of  connective  tissue. 

From  the  definition  given  above  of  the  sarcoma  it'  will  be  apparent 
that  the  tumours  included  in  this  class  will  vary  very  greatly  in 
structure  and  other  characters.  They  will  vary  in  the  first  place 
according  to  their  tissue  of  origin,  because,  although  in  general 
following  the  type  of  granulation-tissue,  yet  they  usually  carry  with 
them,  especially  in  the  characters  of  the  intercellular  substance,  some 
indications  of  the  mother-tissue,  so  that  it  might  be  possible  to  dis- 
tinguish as  many  forms  of  sarcoma  as  there  are  typical  tumours  of 
the  connective  tissue  series.  But  even  when  derived  from  the  same 
tissue  the  tumours  may  vary  according  to  shape,  size,  and  abund- 
ance of  cells,  so  that  still  greater  complexity  is  thus  introduced. 

In  the  diagnosis  of  actual  cases  reference  should  be  made  to  origin 
as  well  as  to  structure  and  mode  of  growth. 

•  Sarcomas  differ  according  to  the  form  of  cells  and  character  of 
intercellular  substance.  So  far  as  the  Cells  are  concerned  the  chief 
forms  are  those  already  mentioned,  namely,  round,  spindle-shaped, 
and  giant-cells.  The  tumour  is  usually  homogeneous  in  its  structure, 
at  least  in  its  recent  parts  where  not  altered  by  degenerations  or 
further  developments,  and  so  it  is  generally  possible  to  distinguish 
sarcomas  according  as  they  are  round-celled,  spindle-celled,  or  giant-  ; 
celled.  There  are,  however,  cases  in  which  the  cells  are  variously 
shaped,  partly  round  and  partly  spindle-shaped. 

As  the  characters  of  the  individual  forms  of  connective  tissue  are 
determined  by  their  Intercellular  substance,  so  in  sarcomas  the 
shape  of  the  cell  does  not  bear  a  constant  relation  to  the  character 
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of  the  intercellular  substance.  Sarcomas  are  sometimes  named 
according  to  their  relations  to  the  various  connective  tissues,  thus 
Fibrosarcomas,  Myxosarcomas,  Chondrosarcomas,  and  so  on.  We 

even  have  tumours  of  striated  or  smooth  muscle  which  take  on  the 
sarcomatous  mode  of  growth,  and  are  hence  called  Myosarcomas. 

The  Blood-vessels  of  sarcomas  are  generally  rather  thin-walled, 
and  they  run  usually  in  immediate  contact  with  the  tumour  tissue. 
In  some  cases  they  are  supported  by  complete  or  rudimentary  con- 
nective tissue,  which  may  divide  the  tissue  into  alveoli,  and  so  give 
rise  to  an  appearance  resembling  that  of  cancer  (alveolar  sarcoma). 
Sometimes  the  sheath  of  the  vessels  undergoes  a  peculiar  transforma- 
tion into  a  hyaline  substance,  which  forms  a  mantle  round  the  vessels, 
and  gives  a  plexiform  character  to  the  tissue  (plexiform  sarcoma, 
cylindroma). 

Pigmentation  is  not  infrequent  in  sarcomas,  especially  in  those 
arising  in  pigmented  situations  such  as  the  skin  and  eyeball.  The 
pigment  is  usually  in  the  cells  but  may  be  in  the  intercellular  sub- 
I  stance. 

Place  of  origin  of  sarcomas. — As  connective  tissue  is  of  nearly 

universal  occurrence  sarcomas  may  arise  in  almost  any  situation. 

They  originate,  however,  for  the  most  part  where  connective  tissue 
I  in  some  form  is  abundant.  Thus  the  bones,  the  skin,  the  mammae, 
I  and  the  lymphatic  glands  are  frequent  seats  of  origin.  They  are 
|  also  common  in  the  testicles  and  the  brain,  but  are  rare  as  primary 
I  tumours  in  other  glands,  in  the  muscles  and  in  the  lungs. 

The  place  of  origin  has  an  important  influence  on  the  structure  of 

the  tumour  and  on  the  transformations  and  degenerations  to  which 

it  is  liable. 

Mode  of  growth  and  transformations  of  sarcomas.— The  sarcoma 
grows  by  multiplication  of  its  own  elements,  and  it  is  often  surrounded 
:  by  a  capsule  so.  as  to  be  apparently  self-contained.  Even  when  so 
delimited,  however,  it  generally  presents  the  characters  of  local  malig- 
nancy. The  tumour  grows  along  the  existing  connective  tissue  of 
the  part,  and  outside  the  apparent  boundaries,  even  outside  the  cap- 
sule, there  are  already  the  multiplying  cells  of  the  tumour. 

This  was  very  characteristically  observed  by  the  author  in  a  case 
of  pigmented  sarcoma,  where  the  pigmented  cells  were  plainly  visible 
in  the  connective  tissue  outside  the  mass  of  the  tumour. 

The  tumour  thus  growing  along  the  connective  tissue  sometimes 
moulds  itself  on  the  structure,  causing  atrophy  of  the  special  con- 
stituents of  the  tissue  which  it  replaces. 

Besides  this  local  malignancy,  sarcomas  frequently  give  rise  to 
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Secondary  tumours  at  a  distance.  As  a  general  rule  the  lymphatic 
glands  are  not  secondarily  affected,  but  in  sarcomas  of  the  foot,  the 
tonsil,  the  testicle,  and  probably  the  kidney,  they  are  liable  to  be 
involved  (Butlin).  This  fact  implies  that  either  in  their  origin  or 
in  process  of  growth  the  sarcomas  of  these  localities  come  into  rela- 
tion with  the  lymphatic  vessels.  Either  with  or  without  an  inter- 
mediate affection  of  the  glands  extension  is  liable  to  occur  by  the 
blood  so  as  to  reach  the  lungs,  which  are  the  most  frequent  seats 
of  such  metastatic  growths.  It  may  pass  on  by  the  systemic  cir- 
culation to  a  large  number  of  different  situations.  The  secondary 
tumours  repeat  exactly  in  structure  and  mode  of  growth  the  primary 
one,  so  that  we  may  have,  in  the  lungs  or  elsewhere,  typical  spindle- 
celled  tumours,  or  even  cartilaginous  or  ossifying  sarcomas. 

The  sarcomas  are  somewhat  liable  to  metamorphoses  and  trans- 
formations. The  soft  and  quickly  growing  ones  are  specially  prone 
to  fatty  degeneration  and  softening,  so  that  cysts  may  form  in  this 
way.  Then  the  tissue  may  show  a  tendency  to  develop  into  the 
mature  tissue  of  its  kind.  Thus  a  fibrous  development  may  occur 
in  the  sarcomas  of  membranes,  or  a  partial  formation  of  cartilage 
or  bone  may  take  place,  and  this  tendency  may  be  so  marked  as  to 
give  a  distinctive  character  to  the  tumour,  so  that  we  may  speak 
of  an  Ossifying,  Indurating",  or  Calcifying  sarcoma.  This  peculiarity 
may  give  rise  to  mistakes  in  diagnosis  if  a  part  of  the  tumour  which 
has  undergone  transformation  be  examined,  hence  it  is  always  proper 
to  seek  for  the  growing  margin  of  the  tumour  for  examination. 

Besides  this  the  sarcomatous  tissue  may  be  mixed  with  other 
tissues.  G-land-tissue  is  most  frequently  thus  associated,  especially 
in  the  mamma  and  testicle.  It  is  sometimes  difficult  to  determine 
whether  the  gland-tissue  found  in  mammary  tumours  is  simply  the 
remains  of  the  gland  or  new-formed.  The  presence  of  gland-tissue  is 
important  as  the  latter  frequently,  by  dilatation,  gives  rise  to  Cysts. 
These  cysts  frequently  give  a  special  character  to  the  sarcomas, 
especially  in  the  mamma  and  testicle,  the  association  being  indicated 
by  the  term  Cystic  sarcoma.  The  tumour  tissue  often  grows  into 
the  cysts,  forming  the  so-called  Intracystic  growth,  and  often  giving 
a  peculiar  character  to  the  tumour  when  divided  by  the  knife. 

Sarcomas  coming  to  the  surface  usually  incorporate  the  skin,  con- 
verting it  into  their  own  tissue,  and  then  Ulcerate.  The  ulcer  is 
thus  formed  of  the  tumour  tissue,  which  may  be  excavated  by 
softening,  or  may  pout  outwards  into  a  fungating  mass,  liable  to 
bleed  (Fungus  hcematodes). 

The  individual  forms  of  sarcoma. — The  most  convenient  division 
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of  sarcomas  is  according  to  the  form  and  other  characters  of  their 
cells.  While  such  a  division  is  adopted,  however,  it  must  be 
remembered  that  tumours  occur  in  which  various  forms  of  cells  are 
present. 

1.  The  round-celled  sarcoma  (Fig.  120)  is  also  called  the  granula- 
tion sarcoma  and  the  encephaloid  sarcoma.  It  is  composed  of  round 
or  slightly  oval  cells 
generally  about  the  size 
of  white  blood  -  cor- 
puscles, but  sometimes 
much  larger.  It  is  an 
exceedingly  soft  tum- 
our, often  half  diffluent, 
and  has  usually  a  grey 
medullary  appearance. 
Its  blood-vessels  are  in 
the  form  mainly  of  large 
capillaries,  whose  walls 
are  embryonic  in  struc- 
ture and  often  present 
varicose  or  aneurysmal 
dilatations.  The  vessels 
are  liable  to  rupture, 
and  so  these  tumours 
often  present  interstitial 
haemorrhage.  Between 
substance.  This  is  sometimes  homogeneous  and  becomes  opaque 
with  acetic  acid  (Myxo-sarcoma),  or  it  may  be  somewhat  fibrous  or 
reticulated. 

This  form  of  sarcoma  is  met  with  in  the  skin,  where  it  may 
originate  in  a  congenital  soft  wart  or  mole ;  in  the  subcutaneous 
tissue ;  in  the  bones — forming  the  majority  of  the  so-called  medul- 
lary cancers  of  bone  ;  in  the  muscles ;  in  the  glands — especially  the 
mamma  and  testicle ;  in  the  brain  and  elsewhere.  Being  a  soft 
tumour  with  delicate  vessels  it  more  readily  produces  secondary 
tumours  by  metastasis  than  other  sarcomas.  It  is  also  usually  a 
tumour  of  rapid  growth,  and  commonly  imperfectly  delimited  from 
the  surrounding  tissue. 

The  Lympho-sarcoma  deserves  special  mention  as  a  variety  of 
the  round-celled  sarcoma.  It  originates  from  lymphatic  glands,  its 
commonest  seat  of  origin  being  the  glands  at  the  root  of  the  lungs 
in  the  mediastinum,  but  it  also  arises  in  the  glands  of  the  mesentery. 


Fig.  120. — Round-celled  sarcoma  infiltrating  adipose  tissue, 
x  160. 


the   cells  there  may  be  some  intercellular 
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It  presents  very  typically  the  characters  of  local  malignancy,  in- 
volving and  moulding  itself  on  neighbouring  structures,  such  as  the 
pericardium,  heart-wall,  veins,  and  bronchi  in  the  case  of  mediastinal 
tumours,  and  the  intestine  in  the  case  of  mesenteric  ones. 

2.  The  spindle-celled  sarcoma  (Fig.  121)  is  also  called  the  fibro- 
sarcoma, and  corresponds  with  Paget's  class  of  recurrent  fibroids, 


Fig.  121.— Large  cells  from  a  spindle-celled  sarcoma.    X  300. 


and  Lebert's  group  of  fibro -plastic  tumours.  The  cells  are  spindle- 
shaped,  like  those  in  the  deeper  layers  of  a  granulating  wound,  and 
there  is  comparatively  little  intercellular  substance,  the  tumour  being 
mainly  composed  of  masses  of  spindle-cells.  There  is  always,  how- 
ever, a  certain  amount  of  intercellular  substance,  which  consists  of 
fibres  generally  of  some  density.  The  cells  are  arranged  in  bundles, 
which  to  a  certain  extent  interlace  like  the  bundles  of  fibre-cells  in 
the  myoma.  There  are  great  varieties  in  the  size  of  the  cells,  some 
tumours  being  composed  of  very  small  cells,  and  these  are  usually 
soft,  while  at  the  opposite  extreme  are  cases  where  the  spindles 
are  gigantic.  When  viewed  in  mass  the  individual  spindles  may 
not  be  apparent,  but  they  are  usually  easily  isolated,  unlike  the 
fibre-cells  of  the  myoma.  These  tumours,  except  the  small-celled 
forms,  are  usually  firmer  than  the  round-celled  sarcomas,  and  may 
even  approach  the  fibroma  in  hardness.  Many  of  them  show  a 
tendency  to  more  complete  organization  into  fibrous  tissue,  cartilage, 
or  bone. 

The  spindle-celled  sarcoma  occurs  frequently  in  the  periosteum 
and  in  that  case  is  firmly  attached  to  the  bone  (see  Fig.  122).  It 
is  also  met  with  in  or  under  the  skin  (see  Fig.  123),  in  muscles,  in 
the  testicle,  etc.  It  is  a  frequent  tumour  in  the  mamma,  and  here 
it  not  infrequently  forms  the  adenoid  sarcoma  and  the  cystic  sarcoma. 

The  spindle-celled  sarcoma  is  usually  a  distinctly  defined  tumour, 
but  often,  as  in  the  case  of  the  periosteal  form,  its  boundaries  are 
not  defined,  and  it  advances  by  incorporating  neighbouring  structures. 
(See  Fig.  122.)    Although  prone  to  return  after  removal,  it  has  less 
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tendency  than  the  round -celled  form  to  give  rise  to  secondary  tumours 
bv  metastasis. 


Fig.  122. — Spindle-celled  sarcoma  of  tibia 
growing  from  upper  end  of  diaphysis.  It 
is  eroding  the  bone. 


Fig.  123. — Large  fungating  spindle-celled  sar- 
coma of  the  foot.  (Yirchow.) 


3.  Myeloid  or  G-iant-celled  sarcoma  (Fig.  124)  is  a  tumour  in  which 
the  giant-cell  is  characteristic,  but  never  forms  the  only  sarcomatous 
element,  there  being  generally  spindle  cells  and  sometimes  round  cells 


in  great  abundance. 


The  giant-cells 


are  in  greater  or  smaller  number  in 
proportion  to  the  others,  and  in  the 
same  tumour  they  may  present  vari- 
ous proportions  in  different  parts. 
The  tumour  tissue  is  soft,  and  very 
often  of  a  brown  colour.  Cysts  not 
infrequently  develop  by  softening. 

The  myeloid  sarcoma  occurs  in 
connection  with  bone,  and  most  fre- 
quently grows  from  the  medulla. 
This  is  especially  the  case  with  the 
long  bones,  where  the  tumours  orig- 
inate in  the  cancellated  tissue  at  the  extremity — the  most  usual 
situation  being  the  lower  end  of  femur  or  upper  end  of  tibia.  (See 
under  Diseases  of  Bone.) 

Myeloid  sarcoma  is  also  met  with  outside  bones,  growing  from  the 

T 


Fig.  124. — Giant-celled  sarcoma,    x  175. 
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periosteum,  especially  of  the  jaws.  Many  tumours,  to  which  the 
name  Epulis  is  given,  are  myeloid  sarcomas. 

The  myeloid  sarcoma  is,  for  the  most  part,  slow  of  growth,  and 
does  not  usually  produce  secondary  tumours. 

4.  Melanoid  or  Pigmented  sarcoma  always  originates  in  a  situation 
where  pigment  already  exists,  the  eye  or  skin.  The  cells  of  which 
it  is  composed  are  usually  spindle-shaped,  but  may  be  round,  and 
from  the  first  they  tend  to  the  aggregation  of  brown  or  black  pig- 
ment in  their  substance  (Fig.  125).     The  pigment  is  very  irregular 

in  its  distribution.  In  a 
melanotic  tumour  there 
may  be  portions  unpig- 
mented,  and  even  in  the 
pigmented  parts  some 
cells  are  free  from  pig- 
ment. 

The  melanotic  sarcomas 
have  a  great  tendency  to 
metastasis,  and  as  the 
material  is  conveyed  by 
the  blood  there  are  pig- 
mented tumours  formed 
in  a  great  variety  of 
organs  and  tissues  where 
they  may  grow  to  great 
dimensions,  though  the 
original  tumour  may  be 
very  small. 

It  is  necessary  to  distinguish  from  these  proper  melanotic  sarcomas  those  which 
become  pigmented  from  blood.  In  the  former  the  pigment  is  brown  or  black 
from  the  first,  being  obviously  elaborated  by  the  cells.  In  the  latter  the  pigment 
is  red  or  yellow,  and  the  pigmentation  may  be  related  to  a  special  weakness  of 
the  vessels  allowing  of  haemorrhage. 

The  term  Chloroma  has  been  applied  to  a  form  of  round-celled  sarcoma  of  a 
peculiar  greenish-yellow  or  grass-green  colour.  It  occurs  primarily  in  the 
periosteum  of  the  face  and  head,  and  may  lead  to  secondary  tumours  of  similar 
colour  in  the  liver,  kidneys,  etc.  The  colour  is  due  to  small  refracting  granules 
which  appear  to  be  composed  of  fat. 

5.  Plexiform  sarcoma  or  Cylindroma  is  a  name  applied  to  a  form 
of  tumour  whose  relations  are  somewhat  obscure,  and  it  probably 
includes  more  than  one  kind.  The  peculiarity  of  the  tumour  is  the 
existence  of  cylinders  and  rounded  structures  having  a  hyaline 
character,  like  mucous  tissue.    In  the  centre  of  the  cylinder  there 
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is  often  a  blood-vessel,  so  that  the  hyaline  material  clothes  it  like 
a  mantle.  Then,  between  the  cylinders  of  hyaline  material  there 
are  frequently  masses  of  cells  which  may  form  long  processes,  so  as 
to  give  a  close  resemblance  to  cancer,  to  whose  cells  these  may  also 
conform  in  general  appearance. 

The  origin  of  these  cylinders  is  not  perfectly  clear.  In  some  cases  it  may  be  that 
we  have  a  combination  of  sarcoma  and  myxoma,  but  this  does  not  account  for 
the  peculiar  form  of  the  cylinders.  A  more  probable  explanation  is  that  the 
cylinders  arise  by  hyaline  or  mucous  degeneration  of  the  adventitia  of  the  blood- 
vessels, and  this  is  confirmed  by  the  fact  that  they  are  often  arranged  around 
the  vessels.  In  this  way  we  should  have  a  sarcoma  in  which  a  peculiar  trans- 
formation occurs  in  the  external  coats  of  the  vessels.  It  is  on  this  view  that 
the  name  plexiform  angiosarcoma  is  applied  to  this  form  of  tumour. 

The  tumour  as  a  whole  is  often  of  a  gelatinous  appearance,  or  it 
'may  be  that  the  gelatinous  material  is  seen  to  be  in  separate  spaces 
throughout  the  tumour.  It  occurs  in  the  orbit  and  its  neighbour- 
hood, or  the  upper  and  lower  jaws  ;  it  may  form  part  of  the  con- 
stituents of  tumours  of  the  parotid,  and  it  is  also  found  in  the 
brain  and  its  membranes  and  the  peritoneum,  where  it  may  grow  to 
a  large  size. 

Besides  these  forms  of  sarcoma  several  others  are  sometimes  distinguished 
and  designated  by  special  names.  Thus  we  have  Alveolar  sarcoma  in  which 
the  cells,  which  are  generally  round  and  frequently  large,  are  arranged  in  loculi, 
so  that  both  in  the  characters  of  the  cells  and  their  arrangement  there  may 
be  a  resemblance  to  cancer.  The  place  of  origin  and  the  intimate  relation 
between  the  cells  and  the  loculi  are  generally  sufficient  to  make  the  diagnosis 
clear. 

The  Osteoid  chondroma  and  Osteoid  sarcoma  are  closely  allied  forms  of  tumour 
of  bone.  In  both  there  is  a  great  tendency  to  the  formation  of  osseous  tissue, 
often  of  imperfect  structure.  The  recent  and  growing  parts  of  the  tumours 
are  composed  of  cells  like  those  of  ossifying  cartilage,  or  of  spindle-shaped  or 
stellate  cells  with  stiff  fibrous  intercellular  substance. 

The  Psammoma  is  often  regarded  as  a  variety  of  sarcoma.  No  doubt  spindle- 
celled  sarcomas  sometimes  contain  calcareous  particles  such  as  these  already 
described.  With  less  justification  the  Glioma  is  sometimes  included  with  the 
sarcomas.  The  term  Endothelioma  is  used  by  some  to  designate  tumours  which 
have  a  structure  indistinguishable  from  carcinomas,  but  arise  in  presumably 
non-epithelial  structures.  We  prefer  to  include  them  among  the  cancers,  where 
they  will  be  described. 

Literature.— Virchow,  Geschwulste,  1864-65,  ii.,  170;  Paget,  Lect.  on  surg. 
path.,  3rd  ed.,  1870,  p.  544;  Billroth,  Lect.  on  surg.  path.,  Syd.  Soc.  trans!., 
1878,  ii.,  401;  Butlin,  Internat.  Encycl.  of  Surg.,  1884,  iv.,  600,  and  Sarcoma 
and  Carcinoma,  1882;  Bizzozero,  Wien.  med.  Jahrb.,  1878,  p.  4;  Ackermann, 
Volkmann's  Vortrage,  Nos.  233,  234,  1883 ;  Huber  (Chloroma),  Arch.  d.  Heilk., 
xix.,  1878,  p.  129    Chiari  (Chloroma),  Zeitschr.  f.  Heilk.,  iv.,  1883.  Cylindroma— 
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Billroth,  Die  Entwick.  cler  Blutgefasse,  1856:  Virch.  Arch.,  xvii.,  364 ;  Sattler, 
Ueber  die  sogenannte  Cylindrome,  1874;  Ewetzky,  Virch.  Arch.,  lxix.  ;  Waldeyer, 
do.,  lv. ;  Friellander,  do.,  lxvii.  .  .  .  Oppenheimer  (Formation  of  pigment), 
Virch.  Arch.,  cvi.,  515. 


II.  — CARCINOMA  OR  CANCER. 

The  term  cancer  is  a  clinical  one,  expressing  the  malignant  char- 
acters of  the  tumour.  Like  sarcoma  it  was  formerly  applied  in  a 
general  way,  and  included  most  sarcomas.  The  delimitation  of  the 
sarcomas  by  Virchow  has  led  to  a  stricter  definition  of  the  cancers. 

Definition. — The  carcinoma  is  a  tumour  taking  origin  in  epithelium 
and  having  an  epithelial  structure,  but  in  the  arrangement  of  the 
structure  and  in  its  mode  of  growth  presenting  atypical  characters. 

Structure. — The  Cells  of  cancers  are  epithelial  in  origin  and  struc- 
ture, but  differ  according  to  the  form  of  epithelium  from  which  they 
are  derived.  Thus  we  have  flat  or  pavement  cells,  cylindrical  cells, 
and  glandular  epithelial  cells.  Again,  the  cells  do  not  always 
correspond  strictly  with  the  typical  cells  of  the  same  kind,  but  as 
they  are  produced  in  great  numbers,  and  as,  correspondingly  to  the 
general  type  of  epithelium,  they  lie  close  against  each  other,  they 

often  present  great  varie- 
ties in  shape  and  size. 
This  applies  especially  to 
the  glandular  forms.  The 
various  forms  of  cells  will 
be  again  referred  to  in 
describing  the  varieties  of 
cancers.  The  cells  always 
grow  in  larger  or  smaller 
masses,  lying  close  together 
without  intercellular  sub- 
stance, so  as  to  form  the 
so-called  "cell-nests, "which 
are  characteristic  of  can- 
cers. (See  Fig.  126.)  The 
cut  surface  of  cancers  when 
scraped  by  the  knife  often 
yields  a  fluid,  the  so-called 
Cancer-juice,  in  which  areu  present  groups  of  cells  as  they  have  been 
removed  from  the  spaces  in  which  they  lie.  A  photograph  of  such  a 
group  is  shown  in  Fig.  127. 

The  Stroma  encloses  the  cell  masses,  and  supports  the  blood- 
vessels necessary  to  the  nourishment  of  the  tissue.    The  cell  masses 


Fig.  126. — From  a  cancer  of  mamma, 
nests  in  a  stroma  which  forms  alveoli. 


The  cells  are  in 
X  220. 
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are  epithelial,  and  they  may  be  derived  from  epithelial  cells  which 
have  been  transported  from  a  distance,  as  is  the  case  in  secondary 
cancers,  but  the  stroma 
is  always  derived  from 
the  local  connective  tis 
sue  and  local  blood- 
vessels. The  stroma 
may  be  nothing  more 
than  the  pre-existing 
connective  tissue  of  the 
part,  perhaps  with  some 
inflammatory  increase, 
as  indicated  by  the  pre- 
sence of  round  cells,  but 
in  other  cases,  and 
especially  in  secondary 
tumours,  it  forms  a  well- 
defined  meshwork  of 
characteristic  appear- 
ance, as  shown  in  Fig. 
128.  The  stroma  may 
be  formed,  not  of  ordinary  connective  tissue,  but  of  bone  and  cartilage, 
this  fact  showing  that  the  stroma  is  of  purely  local  growth,  and  also 


■  4  " 


Fig.  127. —From  so-called  cancer-juice.  A  collection  of 
cells  whose  nuclei  are  deeply  stained,  retaining  the  shape  of 
the  space  in  which  it  lay  in  the  tumour,    x  150. 


Fig.  128. — Stroma  of  a  soft  cancer  of  the  mamma  after  the  cells  had  been  washed 
out.    x  82. 

that  bone  and  cartilage  have  close  relations  to  ordinary  connective 
tissue. 


In  a  case  observed  by  the  author  of  cancer  of  the  stomach  with  secondary 
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tumours  in  the  ribs,  the  secondary  tumours  formed  enlargements  of  a  firm  char- 
acter. Microscopic  examination  showed  trabecular,  formed  partly  of  bone  and 
partly  of  cartilage,  which  radiated  from  the  surface  of  the  rib.  Between  these 
trabecular  were  the  characteristic  epithelial  structures  of  the  cancer. 

Where  a  cancer  produces  a  well-formed  stroma  along  with  the  epithelial  masses, 
it  will  probably  grow  more  readily  into  a  distinct  tumour  than  where  the  epithelial 
masses  depend  for  their  nourishment  on  the  existing  blood-vessels.  In  this  latter 
case  the  cancer  will  commonly  present  more  the  characters  of  an  infiltration  of 
the  tissues  with  epithelial  structures,  and  this  infiltration  may  be  associated 
with  such  irritation  as  to  lead  to  considerable  new-formation  of  hard  connective 
tissue,  giving  sometimes  a  markedly  fibrous  character  to  the  structure,  as  in 
scirrhous  cancer. 

The  Blood-vessels  in  cancers  run,  as  has  been  indicated,  in  the 
connective  tissue  stroma.  They  consist  of  wide  capillaries  with  the 
usual  arterial  and  venous  connections.  The  great  tendency  which 
cancers  present  to  extend  by  the  lymphatic  system  suggests  some 
special  structural  connection  with  the  Lymphatic  vessels.  According 
to  Cornil  and  Ranvier  such  a  connection  can  be  demonstrated  by 
injection.  If  a  cancerous  tumour,  before  being  laid  open,  be  punc- 
tured with  the  needle  of  a  hypodermic  syringe  and  a  watery  solution 
of  Prussian  blue  be  injected,  the  material  first  runs  into  the  alveoli 
around  the  puncture,  mapping  out,  as  it  were,  a  series  of  cavities, 
and  then  passes  on  into  the  lymphatic  vessels,  issuing  by  their 
extremities  divided  in  removing  the  tumour. 

Origin  and  Locality  of  carcinoma. — In  regard  to  their  place  of 
origin  it  may  be  said  that  cancers  always  arise  where  epithelium  or 
endothelium  is  normally  present,  and  there  seems  no  doubt  that  the 
epithelium  of  the  cancer  takes  origin  in  the  similar  cells  of  the 
normal  tissue. 

Virchow,  although  distinguishing  sarcoma  from  cancer  as  a  connective  tissue 
tumour,  asserted  that  the  cancerous  tissue  takes  origin  in  connective  tissue.  The 
great  authority  of  Virchow  has  caused  this  view  to  be  perpetuated  more  than  it 
otherwise  would  have  been.  It  was  controverted  first  by  Thiersch,  who  showed 
that  in  epithelial  cancer  the  cells  can  be  seen  to  originate  from  the  epidermic 
cells.  Waldeyer,  in  a  series  of  very  elaborate  papers,  went  over  most  of  the  seats 
of  cancer,  and  showed  that  in  these  the  cancer  tissue  is  directly  derived  from  the 
existing  epithelium. 

In  many  situations  the  actual  Connection  with  the  existing  epi- 
thelial structures  can  be  traced,  especially  if  the  growing  edge  of 
the  carcinoma  be  examined.  Thus  in  a  section  of  an  epithelioma  of 
the  skin,  or  of  the  lip  or  tongue,  the  cylinders  of  epithelium  which 
form  the  essential  constituents  of  the  tumour,  can  be  often  traced 
into  direct  connection  with  the  Malpighian  layer  of  the  epidermis. 
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(See  Fig.  129.)  Again,  in  some  cases  of  primary  cancer  of  the 
kidney  it  can  be  seen  that  the  tumour  is  arising  by  direct  trans- 
formation of  the  kidney  tissue.  The  primary  cancer  of  the  kidney 
is  in  many  cases  not  a 
tumour  added  on  to  the 
kidney,  but  it  is  generally 
a  portion  of,  or  sometimes 
the  whole  kidney,  which 
has  undergone  an  enormous 
enlargement  while  keeping 
its  general  shape  ;  it  is  in 
fact  the  kidney  or  portion 
of  kidney  transformed. 
And  when  we  examine  the 
marginal  parts  of  such  a 
tumour  we  find  the  epi- 
thelium of  the  uriniferous 
tubules  in  an  active  state 
of  proliferation,  the  tubules 
getting  distended  with 
new  -  formed  epithelium. 
The  epithelium  also,  in  its 
state  of  activity,  is  altering  its  shape  according  to  the  mutual  pressure 
of  the  cells,  so  that  it  sometimes  gets  elongated  and  tailed.  (See 
Fig.  130.) 


Fig.  129.— Epithelioma.  Edge  of  tumour  showing  con- 
nection of  the  ingrowing  epithelium  with  the  normal 
epidermis.    X  45. 


Fig.  130.— From  a  cancer  of  the  kidney.    A  tubule  is  represented  in  which  the 
epithelium  is  undergoing  alterations  in  shape.    X  300. 

This  activity  of  the  normal  epithelium  seems  to  be  the  regular 
preliminary  to  the  cancerous  formation  where  it  takes  origin  in 
glands.  In  the  mamma,  for  example,  there  are  some  cancers  in 
which  the  tumours  have  a  special  connection  with  the  ducts  (Duct- 
cancer  ;  often  co-existing  with  eczema  of  the  nipple  and  areola).  In 
these  the  epithelium  of  the  ducts,  from  the  nipple  downwards,  shows 
great  activity,  so  that  the  ducts  become  distended  with  epithelium, 
which  in  accumulating  loses  its  normal  cylindrical  form.  The  epi- 
thelium of  the  acini  of  the  gland  also  partakes  in  the  active  new- 
formation.    Similar  processes  have  been  observed  in  cancer  of  the 
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uterus  and  elsewhere.  We  may  therefore  conclude  that  the  first 
stage  in  the  formation  of  a  cancer  is  an  abnormal  activity  in  the 
epithelium  of  a  particular  locality. 

The  next  stage  in  the  development  of  the  cancer  is  that  its  epithelial 
elements  break  bounds  and  extend  out  into  the  surrounding  tissue. 
It  is  this  atypical  extension  which  is  the  most  characteristic  feature. 

As  already  indicated,  cancer  may  originate  in  any  locality  where 
epithelium  or  endothelium  is  normally  present.  It  occurs  in  the 
skin  and  mucous  membranes,  in  glands,  in  the  lungs,  in  the  brain, 
and  (very  rarely)  on  serous  membranes.  But  it  shows  great  prefer- 
ences for  certain  localities.  Thus  the  pre-eminent  seats  of  cancer 
are  the  lower  lip,  tongue,  mamma,  uterus,  and  stomach.  Many  of 
these  preferences  can  be  accounted  for  by  local  peculiarities.  Cancer 
of  the  lower  lip  and  tongue  have  been  ascribed  to  the  irritation  of 
short  or  rough  tobacco-pipes  and  the  jagged  edges  of  carious  teeth. 
The  mamma  and  uterus  suffer  involution  before  other  organs  of  the 
body,  and  as  cancer  is  a  disease  of  advanced  life,  the  earlier  decadence 
of  these  organs  may  determine  the  frequency  of  the  occurrence  of 
cancer  in  them.  Again,  exposure  to  injury  and  friction  have  been 
already  alluded  to  as  determining  the  localities  of  cancers. 


Fig.  131.— Section  of  skin  from  neighbourhood  of  a  cancer  in  a  paraffin  worker. 
There  is  a  striking  hypertrophy  of  the  epidermis  producing  a  warty  condition,    x  12. 

The  connection  of  cancer  with  irritation  of  the  epithelial  struc- 
tures is  forcibly  shown  in  cases  of  cancer  occurring  in  chimney- 
sweepers or  workers  in  paraffin-refineries.  In  the  latter  case  there 
are  in  the  skin,  apart  from  the  cancerous  growth,  numerous  elevations 
of  the  epidermis,  of  one  of  which  Fig.  131  is  a  reproduction,  indicat- 
ing that  the  irritant  has  acted  on  the  epidermis  in  a  special  manner. 

Age  and  sex  have  important  influences  on  the  origin  and  locality 
of  cancer.  It  is  almost  unknown  during  infancy  and  childhood,  and 
is  very  rare  under  thirty  years  of  age.  It  is  frequent  from  thirty- 
five  till  seventy-five.  After  this  age  it  becomes  less  frequent,  and  is 
rare  in  extreme  old  age.    It  seems  strange  that  a  disease  charac- 
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terized  by  undue  activity  of  growth  of  certain  elements  should 
occur  especially  when  the  body  generally  is  losing  in  vigour.  An 
explanation  of  this  was  suggested  by  Thiersch,  to  the  effect  that, 
as  cancer  consists  essentially  in  an  exaggerated  growth  of  epithelium, 
which  invades  the  neighbouring  structures,  especially  the  connective 
tissue,  the  cause  may  lie  rather  in  a  falling  away  of  the  resistance 
of  the  other  tissues  than  an  extra  vigour  of  the  epithelium.  The 
occurrence  of  cancers  in  old  cicatrices,  which  consist  of  a  very  im- 
perfect connective  tissue,  would  lend  some  force  to  this  view.  The 
liability  of  the  mamma  and  uterus  to  cancer  causes  a  considerable 
preponderance  in  the  female  sex,  which  is  only  partly  redressed  by 
the  frequency  of  cancer  of  the  tongue,  lip,  and  resophagus  in  the  male. 

Parasitic  protozoa  in  cancers. — Much  attention  has  been  paid 
lately  to  the  presence 
interpreted  as  minute 
animal  parasites  belong- 
ing to  the  protozoa,  to 
the  class  of  sporozoa, 
and  to  the  genus  coc- 
cidium.  There  are  un- 
doubtedly round  or  oval 
bodies  which  are  present 
in  some  of  the  epithelial 
cells  in  almost  all  can- 
cers. These  are  shown 
in  Fig.  132.  .  They  pre- 
sent certain  colour  re- 
actions with  staining 
agents,  which  show 
them  to  be  different 
from  the  cell  structure. 
They  are  present  chiefly 
in  the  protoplasm  of  the 
cell,  but  have  also  been 
described  in  the  nucleus. 
These  parasites  in  the  epithelial  cells  are  supposed  to  stimulate  the 
latter,  and  being  animal  cells  they  may  enter  into  conjunction  with 
the  epithelial  cells  and  induce  the  special  action. 

This  view  has  been  supported  by  the  citation  of  certain  facts 
connected  with  parasitic  protozoa  and  their  action.  In  the  disease 
Coccidiosis  (see  under  Animal  Parasites)  a  parasitic  protozoon  grows 
in  the  epithelial  cells  of  the  hepatic  ducts,  and  leads  to  a  marked 


in  cancers  of  bodies  which  by  many  are 


Fig.  132. — From  a  section  of  a  cancer  showing  the  so-called 
cancer  bodies.  In  addition  to  the  nuclei,  which  are  oval 
bodies  of  uniform  size,  there  are  round  or  oval  bodies  of 
various  sizes  generally  more  or  less  clear,  except  in  the  centre. 
X  460. 
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proliferation  of  epithelium,  so  that  gland-like  tissue  is  formed,  in 
which  new-formed  connective  tissue  supports  the  growing  epithelium. 
The  parasite,  the  occidium  oviforme,  in  a  case  recorded  by  Gubler, 
produced  in  the  human  subject  a  number  of  tumours  in  the  liver 
which  were  taken  to  be  cancerous.  Further,  in  Molluscum  contagiosum 
(see  under  Diseases  of  the  Skin),  there  is  a  great  new-formation  of 
epithelium,  so  that  what  is  virtually  an  epithelial  tumour  is  pro- 
duced. In  this  case  there  grow  in  the  epithelial  cells  bodies  which 
are  possibly  parasitic  protozoa  (the  so-called  molluscum  bodies).  The 
contagious  nature  of  the  disease  suggests  a  parasitic  origin. 

In  the  case  of  cancer  a  parasitic  origin  might  explain  the  malig- 
nancy of  the  disease  and  its  spreading  character.  When  it  once 
begins,  a  cancer  spreads  by  inducing  the  normal  epithelium  to  take 
part,  and  the  multiplication  of  a  parasite  might  explain  this.  It  would 
also  explain  the  general  malignancy  should  epithelium  and  parasite 
be  transplanted  together.  On  the  other  hand,  there  are  features  in 
cancer  which  are  difficult  to  explain  on  the  view  of  a  parasitic 
origin.  The  local  character  of  the  primary  tumour  is  one  of  these. 
In  coccidiosis  and  molluscum  contagiosum  we  have,  as  in  diseases 
due  to  parasitic  microbes,  many  lesions  produced  by  the  parasite, 
but  in  cancer  a  multiple  origin  is  never  seen,  and  even  two  primary 
tumours  are  rare.  Again,  cancer  is  a  proper  tissue  growth,  and  in 
different  forms  of  the  disease  the  tissue  produced  shows  great  variety. 
This  seems  inconsistent  with  a  parasitic  origin,  unless  there  be  many 
different  kinds  of  coccidia.  On  the  whole,  the  presumption  seems  in 
favour  of  the  parasitic  origin,  but  there  are  many  facts  to  be  eluci- 
dated before  it  can  be  fully  accepted. 

The  literature  of  this  subject  is  already  very  extensive.  (See  a  list  of  112 
references  by  Stroebe,  Centralbl.  f.  Allg.  Path.,  1894,  p.  11.)  Some  of  the  principal 
papers  are:  Eussell,  Brit.  Med.  Jour.,  1890,  vol.  ii. ;  Soudakewitch,  Ann.  de 
l'lnst.  Pasteur,  vol.  v.,  1892;  Buffer  and  colleagues,  Journal  of  Path.,  vol.  i., 

1892,  p.  198  (with  history  and  literature) ;  ibid.,  vol.  i.,  1893,  p.  395  ;  ibid.,  vol.  ii.r 

1893,  p.  3  ;  Clarke,  Cancer,  Sarcoma,  and  other  morbid  growths,  1893. 

Mode  of  growth  and  extension  of  cancer. — We  have  seen  that 
cancer  is  characterized  by  the  atypical  growth  of  the  epithelium. 
The  growing  epithelium  sends  out  buds  or  offshoots  which  penetrate 
into  the  underlying  or  surrounding  tissue.  In  this  way  a  primary 
cancer  does  not  usually  grow  into  a  considerable  tumour,  but  rather 
insinuates  itself  amongst  the  tissues  around.  Hence  we  speak  of 
Cancerous  infiltration  as  characteristic  of  most  tumours  of  the  kind. 

The  question  of  the  Inoculation  of  cancer  is  one  which  naturally  suggests  itself,. 
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and  many  experiments  have  been  performed  both  on  man  and  animals  to  deter- 
mine the  possibility  of  such  inoculation.  These  experiments  have  all  had  a 
negative  result.  It  is  not  uncommon,  however,  to  find  what  may  be  called 
Auto-inoculation.  Thus  a  cancer  of  the  posterior  wall  of  the  urinary  bladder  will 
sometimes  extend  to  a  point  on  the  anterior  wall  where  the  tumour  comes  in 
contact  when  the  bladder  is  empty. 

The  growing  cancerous  processes  frequently  lead  to  much  irritation 
in  the  connective  tissue,  so  that  we  may  have,  in  cancer  of  the  lip, 
for  instance,  the  extremities  of  the  cancer  cylinders  buried  in  masses 
of  round  cells.  Sometimes  there  is  considerable  cicatricial  formation 
apparently  induced  by  the  insinuating  cancerous  processes.  On  the 
other  hand,  the  tumour  may  lead  to  little  irritation,  and  the  cancer 
with  its  characteristic  stroma  may  grow  amongst  the  normal  tissues, 
merely  acting  on  them  by  pressure. 

The  effect  on  neighbouring  structures  is  to  cause  atrophy  of  their 
proper  elements  by  pressure,  so  that  the  cancer  takes  the  place  of 
the  normal  tissue. 

If  the  cancer  originates  at  a  surface,  or  in  its  growth  comes  to 
present  itself  there,  then  its  tissue,  being  less  resistant  than  the 
normal  structures,  breaks  down  and  we  have  ulcers  following. 
Ulceration  is  generally  present  in  cancers  of  the  skin  and  mucous 
membranes,  and  in  the  later  stages  of  glandular  cancers. 

Besides  this  local  malignancy  cancers  frequently  produce  tumours 
at  a  distance.  It  is  well  known  that  the  Secondary  tumours  mostly 
occur  in  the  lymphatic  glands.  This  may  be  explained  partly  by 
the  anatomical  connection  already  mentioned,  and  partly  also  by  the 
fact  that  the  growing  cancerous  processes  extending  in  the  direction 
of  least  resistance  will  readily  pass  into  the  spaces  in  the  tissues 
which  are  the  radicles  of  the  lymphatic  vessels. 

It  seems  not  improbable,  on  the  other  hand,  that  cancer  has  a  special  affinity 
for  Jymphatics.  The  author  has  observed,  for  example,  in  cases  of  secondary 
cancer  of  the  lung,  that  although  brought  to  the  lung  by  the  pulmonary  artery, 
the  cancerous  growth  has  been  chiefly  in  the  lymphatic  vessels  to  begin  with. 
In  one  such  case  it  was  quite  common  to  find,  in  the  neighbourhood  of  the 
pulmonary  artery,  the  lymphatic  spaces  in  the  sheath  filled  out  with  cancerous 
masses.    (See  under  Affections  of  the  Lungs.) 

The  cancer  forms  a  true  new-formation  in  the  lymphatic  glands. 
The  tumour-formation  mostly  begins  at  the  peripheral  parts  of  the 
gland,  these  being  the  parts  to  which  the  afferent  vessels  are  dis- 
tributed, and  here  the  characteristic  epithelial  structure  is  developed. 
It  is  sometimes  very  striking  in  the  earliest  periods  of  infection  of 
the  glands  to  find  layers  of  cancerous  tissue  at  the  periphery  enclosing. 
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the  follicles  of  lymphatic  tissue.  The  latter  tissue  undergoes  atrophy, 
so  that  we  may  have  only  here  and  there  groups  of  round  cells 
representing  the  proper  lymphatic  gland  tissue  in  the  midst  of 
cancerous  tissue.    Finally  all  trace  of  the  normal  tissue  disappears. 

It  is  an  important  practical  question  whether  the  enlargement  of  lymphatic 
glands  in  connection  with  cancers  is  always  a  true  secondary  infection.  There 
is  no  doubt  that,  just  as  in  the  primary  tumour,  the  cancerous  growth  is  often 
associated  with  irritation,  sometimes  leading  to  cicatricial  conditions  of  the 
gland  (especially  in  colloid  cancer),  but  in  that  case  there  is  the  cancerous  in- 
fection as  well.  In  the  case  of  ulcerating  cancers,  on  the  other  hand,  irritating 
products  of  decomposition  may  be  carried  to  the  glands,  and  give  rise  to  a  simple 
non-cancerous  enlargement.  Hence  enlargement  of  glands  is  of  less  significance 
in  ulcerating  cancers  than  in  those  which  are  not  ulcerated,  but  in  all  cases 
enlargement  of  the  glands  is  to  be  looked  on  with  suspicion. 

The  cancerous  infection  may  for  a  time  remain  confined  to  the 
primary  seat  and  the  lymphatic  glands*  but  it  is  liable  to  extend 
further  and  become  generalized.  This  occurs  by  the  material  of 
infection  reaching  the  blood,  and  being  carried  by  it  to  distant 
situations.  For  the  most  part  this  metastasis  by  the  blood  only 
occurs  after  the  lymphatic  glands  have  been  for  some  time  affected, 
and  the  infection  takes  place  from  the  lymphatic  glands.  It  may 
be  that  in  some  cases  there  is  a  direct  extension  from  the  primary 
tumour  to  the  blood. 

The  infection  may  occur  from  the  lymphatic  glands  after  the  complete  removal 
of  the  primary  tumour.  This  had  happened  in  a  case  observed  by  the  author 
in  which,  after  excision  of  an  epithelioma  of  the  vulva,  the  lymphatic  glands  in 
the  groin,  having  been  affected,  gave  rise  to  multiple  secondary  tumours  in 
various  organs. 

Having  reached  the  blood  the  infection  is  carried  throughout  the 
body,  and  Grafts  are  implanted  in  various  organs.  If  the  lymphatic 
glands  be  in  communication  with  the  systemic  veins,  then  the  in- 
fection will  be  carried  to  the  lungs  and  on  into  the  systemic  arteries, 
but  if  they  be  in  connection  with  the  portal  circulation,  then  the 
liver  will  be  the  organ  to  which  they  will  be  conveyed.  This 
secondary  (or  tertiary)  infection  of  distant  organs  occurs  by  Embolism, 
portions  of  cancerous  tissue,  perhaps  only  young  cells,  being  planted 
in  various  organs,  and  tumours  are  produced  having  all  the  character- 
istic structure  of  cancer  (see  Fig.  133). 

The  metastatic  growth  does  not  occur  so  readily  in  some  organs 
as  in  others.  It  is  commonly  said  that  the  situations  in  which 
primary  cancer  occurs  are  comparatively  seldom  affected  secondarily. 
Thus  the  mamma,  uterus,  and  stomach  are  rarely  the  seat  of  secondary 
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tumours.  On  the  other  hand,  the  liver,  lungs,  kidneys,  heart,  skin, 
and  bones,  are  frequently  the  seat  of  such  tumours.  In  some  forms 
of  cancer  secondary  tumours  are  peculiarly  liable  to  form  in  the 
Bone-marrow  in  various  parts  of  the  skeleton.     The  brain  is  corn- 


Fig.  133.  —A  secondary  cancerous  tumour  growing  in  pericardium.  It  is  seen  to 
be  formed  of  cell  masses  arranged  in  spaces:  a,  muscular  wall  of  heart ;  b,  adipose 
tissue  of  pericardium  in  which  the  tumour  is  growing;  c,  surface  of  pericardium, 
x  8. 

paratively  seldom  affected  either  with  primary  or  secondary  cancers. 
Perhaps  of  all  organs  the  liver  is  most  liable  to  secondary  develop- 
ment of  cancer.  As  it  receives  blood  from  the  systemic  as  well 
as  from  the  portal  circulation  it  may  be  infected,  whatever  the  seat 
of  the  primary  tumour. 


There  are  some  apparent  anomalies  in  the  distribution  of  cancers  to  liver  and 
lungs  respectively.  Thus  a  cancer  of  the  lower  end  of  the  oesophagus  will  often 
give  rise  to  secondary  tumours  in  the  liver,  while  cancer  of  the  stomach  may 
give  rise  to  tumours  in  the  lungs.  The  author  believes  that  this  depends  chiefly 
on  the  relations  of  the  lymphatic  glands  from  which  the  infection  of  the  blood 
occurs.  In  a  case  of  cancer  of  the  oesophagus  observed  by  the  author,  he  found 
that  extension  had  occurred  first  to  the  lymphatic  glands  beneath  the  diaphragm 
and  thence  to  the  liver.  On  the  other  hand,  in  a  case  in  which  primary  cancer 
of  the  stomach  gave  rise  to  tumours  in  the  lungs,  he  found  that  the  pre-vertebral 
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glands  were  affected  and  that  extension  had  occurred  (as  evidenced  by  the  occur- 
rence of  thrombi)  to  the  vena  cava. 

The  secondary  tumours  are  often  more  favourably  situated  for 

growth  than  the  primary  one.  They  may  be  better  supplied  with 
blood  and  less  exposed  to  mechanical  or  other  interference.  Hence 
they  often  grow  to  much  larger  size  than  the  primary  one,  and  may 
show  the  structure  more  fully  developed.  Thus  the  liver  is  often  the 
seat  of  bulky  tumours,  while  the  primary  tumour  is  quite  insignificant. 

In  their  structure  the  secondary  tumours  imitate  the  primary  one 
even  in  the  finer  details.  This  applies  not  only  to  the  shape  and 
size  of  the  epithelial  cells,  but  to  the  abundance  and  arrangement 
of  the  stroma,  and  even  of  the  vessels  in  the  stroma.  If  the  stroma 
be  abundant  and  fibrous  in  the  primary  tumour,  it  will  show,  at 
least,  a  tendency  in  the  same  direction  in  the  secondary  ones,  although 
time  may  have  failed  to  allow  of  the  full  manifestation  of  this. 

This  imitation  of  the  primary  growth  produces  very  remarkable  results,  when 
one  sees,  for  instance,  gland-like  tissue,  lined  with  cylindrical  cells,  growing 
abundantly  in  the  liver,  or  lung,  or  brain.  A  striking  illustration  of  this  mimicry 
was  found  by  the  author  in  a  case  where  a  cancer  of  the  stomach  showed  a 
striking  tendency  to  haemorrhage ;  the  patient  actually  died  from  the  effects 
of  a  large  haamatemesis.  There  were  numerous  secondary  tumours  in  the  liver, 
which  looked  almost  like  masses  of  blood.  The  delicate  character  of  the  vessels 
had  been  repeated  in  the  secondary  tumours,  and  bleeding  was  characteristic  of 
them  as  well  as  of  the  primary  growth. 

Retrograde  changes  in  cancers. — The  cancerous  tissue  is  much 
more  prone  to  degenerations  and  secondary  changes  than  is  normal 

tissue.  Fatty  degeneration  is  very 
frequent.  (See  Fig.  134.)  This 
may,  in  quickly  growing  tumours, 
affect  considerable  portions,  so  as 
to  give  rise  to  an  appearance  like 
caseation.  In  more  chronic  cases, 
the  fatty  degeneration  affects 
more  the  individual  cells.  The 
degenerated  cells  are  readily  ab- 
sorbed, and  this  often  leads  to  a 

&^2££2rr^SS&£   relative     Preponderance    of  the 

stroma.  Thus  cancers  frequently 
shrink  and  become  cicatricial  in 
their  older  or  central  parts.  This  may  lead  to  dimpling  of  the 
surface  of  a  tumour,  as  we  often  see  in  cancers  of  the  liver,  pro- 
ducing the  so-called  Umbilication.    Mucous  and  Colloid  degeneration 


c  ■  \  r 


b,  more  so  ;  c,  completely  fatty— the  com 
pound  granular  corpuscle.    X  350. 
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are  not  infrequent  in  cancers.  They  occur  to  a  minor  degree  in 
many  cancers  of  the  intestine,  but  in  a  higher  degree  they  are  so 
characteristic  as  to  give  a  special  name  to  a  form  of  cancer.  (See 
Colloid  cancer.) 

Ulceration  is  the  usual  result  in  superficial  cancers.  As  a  general 
rule  the  cancerous  ulcer  is  bounded  by  a  prominent  border,  composed 
of  tissue  infiltrated  with  the  growing  tumour.    (See  Fig.  135.) 

The  local  nature  of  cancer. 
— From  what  has  been  stated 
above,  it  will  appear  that  can- 
cer begins  as  a  local  growth 
of  epithelium,  accompanied 
by  the  formation  of  a  connec- 
tive tissue  stroma  of  varying 
complexity.  It  is  in  many 
cases  a  well  formed  but  atypi- 
cal tissue.  In  the  secondary 
extension  the  other  tumours 
bear  a  definite  material  rela- 
tion to  the  primary  one. 
They  arise  by  the  implanta- 
tion of  grafts,  first,  as  a  rule, 
in  the  lymphatic  glands,  and 
secondly,  it  may  be,  in  parts 
further  removed.  As  the  primary  cancer  sends  offshoots  amongst 
the  tissues,  and  extends  outwards  to  the  lymphatic  glands,  it  must 
usually  be  difficult  to  determine  its  limits,  but  if  these  limits  can 
be  determined,  and  the  whole  growth  removed,  then  we  must  infer 
that  the  disease  will  be  eradicated.  It  is  exceedingly  rare  to  find 
two  primary  cancers  in  the  same  person.  In  the  great  majority  of 
cases,  all  the  existing  tumours  are  direct  descendants  of  a  single 
primary  growth. 

The  individual  forms  of  cancer. — Various  modes  of  classification 
have  been  adopted.  That  which  we  use  here  is  not  entirely  satis- 
factory, but  it  is  useful  for  practical  purposes. 

1.  Flat-celled  epithelioma  ;  Epithelioma  proper.— In  English  works 
the  term  Epithelioma  is  chiefly  used  to  designate  cancers  of  the 
cutaneous  surface,  tongue,  and  oesophagus,  places  where  the  surface 
is  covered  with  flat  epithelium.  Similar  tumours  occur  in  the  larynx, 
uterus,  and  vagina,  and  urinary  bladder.  It  is  possible  to  dis- 
tinguish a  penetrating  or  infiltrating  form,  and  a  more  superficial 
form.     This  latter  form  is  almost  equivalent  to  Rodent  ulcer  of 


Fig.  135. —Ulcerated  cancer  of  stomach.  The  cen- 
tral depression  of  the  ulcer  and  the  prominent  infil- 
trated border  are  shown. 
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English  authors,  and  Flache  Krebs  of  Thiersch  and  the  German 
authors. 

The  common  epithelioma  of  the  lip  is  the  most  familiar  example 
of  the  infiltrating"  form.  In  this  form  cylindrical  processes  of  epi- 
dermis, taking  origin  in  the  surface  epithelium  (see  Fig.  129,  p.  295), 
grow  downwards  into  the  true  skin,  infiltrating  it  and  destroying  its 
connective  tissue.  These  processes,  as  they  grow,  exercise  a  concentric 
pressure  on  their  own  cells,  and  so  produce  closely-packed  globular 
bodies,  composed  of  epidermic  cells,  wrapped  round  each  other.  These 
bodies,  variously  called  Epidermic  globes,  Laminated  capsules,  etc., 
are  very  characteristic  of  this  form  of  epithelioma.  The  cells  in  the 
globes  are  usually  horny,  and  the  consequent  bright  translucent  appear- 
ance, as  well  as  the  bright  yellow  colour  in  sections  treated  with 
picric  acid,  attract  the  eye  in  microscopic  sections.  In  some  parts 
there  is,  along  with  the  production  of  these  penetrating  processes,  a 
formation  of  papilla?  on  the  surface.  This  is  often  manifest  in 
the  epitheliomas  of  the  scrotum  and  certain  other  parts  of  the  skin. 
It  is  also  very  pronounced  in  some  of  the  vagino-uterine  cancers, 
forming  the  so-called  Cauliflower  cancers.  In  the  urinary  bladder 
there  is  frequently  such  a  marked  production  of  elongated  papillae 
that  the  surface  is  quite  shaggy,  while  the  mucous  membrane  beneath 
is  infiltrated.  To  this  form  the  name  Villous  cancer  is  often  given. 
The  papilla?,  like  those  of  the  simple  papilloma  of  the  bladder,  are 
liable  to  haemorrhage. 

All  these  epitheliomas  are  prone  to  ulceration,  and  frequently  present 
themselves  as  ulcers  with  infiltrated  walls. 

Rodent  ulcer  is  a  special  form  of  epithelioma  which  occurs  in  the 
upper  part  of  the  face,  and  more  rarely  in  other  parts  of  the  body. 
It  presents  itself  as  an  ulcer  with  overhanging  edges,  so  much  over- 
hanging as  to  appear  "rolled  over."  The  edge  shows  the  epithelial 
structures  in  the  form  of  peculiar  small  epithelial  cells  arranged  in 
well-defined  groups  (see  Fig.  136),  the  peripheral  cells  of  which  are 
sometimes  columnar.  These  groups  of  cells  are  beneath  the  epidermis, 
and  seem  to  have  no  connection  even  with  the  Malpighian  layer,  as 
Thin  has  pointed  out.  The  tumour  is  a  superficial  one,  there  are 
no  penetrating  cylinders,  no  laminated  capsules,  and  no  tendency  to 
invade  the  lymphatic  glands. 

The  name  Cholesteatoma  or  Pearl  tumour  has  been  given  to  a  form  which  is 
variously  regarded  as  an  epithelioma  or  a  cystic  tumour.  It  contains  bright, 
glancing,  pearl-like  structures,  which  are  due  to  the  presence  of  cholestearine 
and  fat.  Besides  these,  there  are  flat  cells,  epithelial  in  character,  which  are 
arranged  into  rounded  bodies,  inside  which  the  cholestearine  is  contained. 
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These  tumours  are  sometimes  surrounded  by  a  capsule  so  as  to  resemble 
atheromatous  cysts.  They  are  most  typically  seen  in  the  soft  membranes  and 
substance  of  the  brain,  but  also  occur  in  the  subcutaneous  tissue,  testicle, 
ovary,  parotid,  and  ear.  (See  Virchow,  in  Virch.  Arch.,  viii.  ;  Eberth,  do., 
xlix. ;  Eppinger,  Prag.  Vierteljahrschr.,  1875;  Chiari,  Cholesteatom  des  Rucken- 
marks,  Prag.  nied.  Wochenschr.,  1883;  Bristowe,  Path,  trans.,  v.,  24,  1854; 
Price,  do.,  xxxviii.,  24,  1887.) 


Fig.  13t>.— Rodent  ulcer.  To  the  left  the  normal  skin  structures,  including  part 
of  a  hair-follicle  and  sebaceous  gland.  To  the  right  masses  of  cells,  which  undermine 
the  epidermis  and  cause  it  to  become  thin,     x  25. 

2.' Cylinder-celled  epithelioma.— This  is  a  tumour  of  parts  where 
cylindrical  epithelium  normally  covers  the  surface,  hence  chiefly  in 
the  stomach  and  intestine,  and  more  rarely  in  the  uterus.  As  cancer 
of  the  stomach  and  intestine  is  of  very  frequent  occurrence,  this 
I  tumour,  which  is  the  most  common  form  in  these  parts,  is  very  often 
met  with. 

The  tumour  usually  takes  origin  in  the  mucous  membrane  or  its 
glands,  the  chief  exception  to  this  being  the  case  of  certain  rare 
tumours  of  the  brain,  where  it  seems  to  arise  from  the  epithelial  lining 
of  the  ventricles.  The  tissue  has  a  glandular  appearance,  forming  a 
J  congeries  of  tubes  and  cavities  lined  with  cylindrical  epithelium  (see 
j  Figs.  137  and  138).  Sometimes  the  glandular  appearance  is  strictly 
preserved,  but  frequently  the  spaces  enlarge,  and  as  the  epithelial 
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cells  accumulate  they  lose  their  cylindrical  form,  although  the  outer 
layer  of  cells  next  the  stroma  may  still  preserve  their  shape  (see  Figure). 


Fig.  137. — Cylinder-celled  epithelioma  of  intestine.  At  a,  the  mucous  membrane. 
To  the  left  the  submucous  tissue  infiltrated  with  variously  shaped  cancerous  spaces. 
These  implicate  the  muscular  coat  deeply  to  the  left.     X  Hi. 

The  glandular  elements  are  contained  in  a  well-formed  stroma,  which 
is  new-formed  as  well  as  the  epithelial  elements. 

In  growing,  the  tumour  infiltrates  neighbouring  parts,  very  often  in- 
sinuating itself  among  the  muscular  trabecular,  and  extending  further. 
It  may  form  a  considerable  tumour,  projecting  from  the  surface,  and 
is  frequently  ulcerated,  as  it  occurs  mostly  in  situations  where  it  is 
exposed  to  friction. 

From  the  strikingly  glandular  character  of  these  tumours,  they  are 
included  by  some  writers  among  the  adenomas.  They  are  called  by 
these  writers  Malignant  adenoma  or  Adenocarcinoma.  As  they  are 
so  distinctly  atypical  in  their  mode  of  growth,  there  seems  no  reason 
to  separate  them  from  the  cancers. 

3.  Soft  cancers  or  Medullary  cancers  are  characterized  by  the 
existence  of  a  very  delicate  stroma  in  which  are  abundant  cells, 
usually  of  small  size,  and  loosely  packed  in  the  alveoli  with  a  good 
deal  of  fluid.  They  occur  chiefly  on  mucous  membranes,  in  the 
ovaries,  testicles,  kidneys,  less  commonly  in  the  mamma.  Being 
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soft,  they  tend  to  bleed,  and  if  originating 
to  it  in  their  growth,  they  may 
undergo  ulceration.  Sometimes 
the  softened,  ulcerating,  bleeding- 
tissue  projects  in  a  very  striking 
manner  from  a  surface,  forming 
the  Fungus  haematodes,  this  con- 
dition also  occurring,  however,  in 
soft  sarcomas  (p.  286).  The  cut 
surface  of  such  tumours  is  grey  in 
colour,  and  a  somewhat  fluid  juice 
can  be  scraped  from  it.  In  this 
juice  will  be  found  cells  and  free 
nuclei,  the  latter  large  and  mainly 
oval  in  shape.  Many  of  the  cells 
contain  fat  granules,  and  there 
may  be  some  in  an  advanced  state 
of  fatty  degeneration. 

Cancers  of  this  kind  sometimes 


on  a  surface  or  coming:: 


Fig.  138.— Cylinder-celled  cancer  from  same 
specimen  as  No.  137.  Elongated  passages  with 
cylindrical  cells  lining  them,     x  1C5. 


grow  to  a  considerable  size,  and  they  are  often  of  very  rapid  growth. 
They  are,  as  a  rule, 
very  malignant  ;  the 
young  cells,  being 
loosely  attached,  readily 
pass  away  and  lead  to 
metastasis. 

4.  Hard  cancer  or 
Scirrhus  occurs  most 
commonly  in  the  mam- 
ma, but  also  in  the 
stomach,  the  testicles, 
ovary,  pleura,  and 
peritoneum.  It  is 
characterized  by  the 
preponderance  of  con- 
nective tissue  as  com- 
pared with  the  epithelial 
structures.  The  cells  in 
this  form  of  cancer  are 


Fig.  139.— From  a  scirrhus  of  mamma.  Below  is  some 
mammary  tissue.  The  cell-masses  of  the  cancer  are  in  narrow 
elongated  processes,     x  120. 


mostly  in  narrow  elon 
gated  processes  divided  by  connective  tissue  which  does  not  form  a 
characteristic  stroma  (see  Fig.  139). 
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The  cancers  of  this  kind  have  usually  a  very  infiltrating  character, 
the  epithelial  processes  penetrating  among  the  surrounding  struc- 
tures, and  it  looks  as  if  these  processes,  by  their  irritation,  produced 
an  excessive  amount  of  connective  tissue.  This  view  is  borne  out 
by  the  fact  that  the  connective  tissue  is  not  usually  in  the  form  of 
a  well-developed  stroma  as  if  planned  to  support  the  epithelial 
structures,  but  is  irregular  and  even  impinges  on  and  destroys  the 
cells.  The  cells  readily  undergo  fatty  degeneration,  and  they  some- 
times to  a  large  extent  entirely  disintegrate,  the  stroma  assuming 
the  upper  hand.  It  therefore  happens  that  different  parts  of  such 
tumours  have  often  very  different  structures.  The  more  recent 
parts  will  show  well-marked  epithelial  masses  with  stroma  (Fig.  139), 
while  in  the  older  parts  the  cells  have  almost  disappeared,  and  there 
is  nothing  but  dense  connective  tissue. 

As  scirrhus  occurs  more  as  an  infiltration  than  a  distinct  tumour, 
the  hardening  and  contraction  of  the  connective  tissue  causes  the 
organ  in  which  it  grows  to  be  sometimes  contracted  rather  than 
enlarged.  It  is  frequently  so  in  scirrhus  of  the  mamma  and  of  the 
stomach,  its  two  most  frequent  seats.  On  cutting  into  the  organ 
the  tissue  is  felt  to  be  dense  and  elastic.  The  cut  surface  is  greyish 
and  transparent,  with  opaque  yellow  markings  indicating  the  exist- 
ence of  fatty  degeneration  in  the  cells.     The  juice  to  be  obtained 

from  the  cut  surface  is  scarce, 
and  under  the  microscope  it 
is  seen  to  contain  cells,  often 
of  large  size,  and  free  nuclei 
(see  Fig.  140).  The  cells 
vary  greatly  in  size  and 
shape,  and  they  often  contain 
two  nuclei,  or  even  a  fully 
formed  cell  inside  (mother 
and  daughter  cells).  These 
cells  inside  cells  are,  however, 
frequently  interpreted  now- 
adays as  the  parasitic  organisms  of  cancer. 

These  cancers  are  less  malignant  than  the  soft  cancers,  but  they 
produce  somewhat  readily  secondary  tumours  in  lymphatic  glands. 


Fig.  140. — Cells  from  a  cancer  of  the  mamma.  Most 
of  them  contain  several  nuclei,  and  some  daughter 
cells,    x  200. 


Between  the  hard  and  soft  cancers  there  are  cases  presenting  all 
shades  of  gradation ;  so  that  it  might  be  possible  to  form  a  groin/ 
of  simple  or  normal  cancers.  These  have  mostly  a  well-developed 
stroma  with  moderatelv-sized  cells  which  lie  in  the  stroma  in  con- 
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siderable  spaces.  The  mamma  presents  these  varieties,  and  they  will 
be  again  referred  to  in  the  section  devoted  to  the  diseases  of  that 
organ. 

5.  Colloid  or  Alveolar  cancer  is  a  tumour  characterized  by  the 
occurrence  of  colloid  degeneration  of  epithelial  cells.  It  is  met  with 
chiefly  in  the  stomach  and  intestines,  and  in  the  mamma,  more 
rarely  elsewhere. 

There  is  here  a  definite  new-formation  both  of  stroma  and  epithelial 
masses,  and  the  stroma  is  often  produced  in  the  most  beautiful  and 
characteristic  forms  (see  Fig.  141).    As  if  it  were  in  the  plan  of  the 


Fig.  141.— Colloid  cancer.  A  finely  reticulated  stroma  is  seen  with  meshes  full  of 
colloid  material,  the  cells  having  disappeared,    x  90. 


growth,  the  cells  regularly  undergo  colloid  degeneration,  and  finally 
the  masses  of  cells  become  converted  into  masses  of  colloid  material 
which  fill  the  spaces.  In  the  bulk  of  the  tumour  therefore  there  may 
be  nothing  visible  beyond  the  regularly  formed  stroma  whose  spaces 
are  filled  with  clear  transparent  material.  Occasionally  there  may  be 
in  the  centres  of  the  alveoli  some  remains  of  the  cells  visible,  while 
the  peripheral  cells  are  already  completely  converted. 

To  the  naked  eye  such  tumours  have  a  markedty  gelatinous  appear- 
ance, and  as  the  fibrous  stroma  may  in  its  coarser  meshes  be  visible 
without  the  microscope,  it  may,  even  to  the  naked  eye,  look  as  if 
there  were  nothing  but  alveoli  filled  with  gelatinous  material,  hence 
the  name  alveolar  cancer.  The  tissue  is  frequently  dense  and  hard 
to  the  feel.  This  arises  from  the  fact  that  the  alveoli  are  tensely 
packed  with  the  colloid  material,  and,  the  fibres  being  on  the  stretch, 
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a  dense  resistance  is  offered,  just  as  a  tightly  blown  up  bladder  is 
hard. 

These  tumours  mostly  occur  as  infiltrations,  frequently  penetrating 
among  the  constituents  of  the  tissues,  and  although  they  very  often 
extend  widely  by  continuity  (as  in  the  stomach),  they  show  little 
tendency  to  metastasis  ;  even  when  they  attack  the  lymphatic  glands 
secondarily  they  do  not  usually  produce  large  tumours. 

6.  Melanotic  cancer  is  a  rare  form  of  tumour  compared  with  the 
melanotic  sarcoma,  It  occurs  primarily  in  similar  situations,  namely 
the  skin  and  eyeball.  It  is  really  a  soft  cancer  in  which  pigment 
is  present  in  the  cells  and  also  sometimes  in  the  stroma.  It  is 
usually  a  very  malignant  tumour,  producing  secondary  growths  by 
metastasis. 

7.  Mucous  cancer  includes  tumours  in  which  the  stroma  of  the 
cancer  assumes  the  characters  of  mucous  tissue.  The  cells  of  the 
cancer  may  undergo  a  similar  degeneration.  The  tumour  as  a  whole 
is  very  gelatinous  in  appearance,  and  resembles  the  colloid  cancer. 
These  tumours  are  of  rare  occurrence,  being  met  with  in  similar 
situations  to  colloid  cancer,  but  attaining  the  highest  development 
in  the  ovary. 

8.  Endothelioma  is  a  name  sometimes  applied  to  cancers  arising 
from  the  endothelium  of  serous  membranes  and  elsewhere.  (See 
above,  p.  291  )  Cancers  of  the  pleura  and  peritoneum  belong  to 
this  class.  They  will  be  described  in  connection  with  tumours  of 
their  own  locality. 

Literature. — Hannover,  Das  Epithelioma,  1852;  Lebekt,  Traite  des  malad.  can- 
cereuses,  1851 ;  Forster,  Handb.  d.  path,  anat.,  vol.  i.  (a  very  full  account)  j 
Thiersch,  Der  Epithelkrebs,  namentlich  der  Haut,  1865 ;  Waldeyer,  Virch.  Arch.T 
xli.,  470  and  lv.,  67,  also  Volkmann's  Sammlung  Klin.  Vort.,  No.  33;  Lucre,  in 
Pitha-Billroth's  Handb.,  1869;  Paget,  Lect.  on  Surg.  Path.,  3rd  edition,  1870;. 
Koster,  Die  Entwickelung  der  Carcinome,  1869 ;  Friedlander,  Epithelwucherung 
und  Krebs,  1877;  Cornil  et  Kanvier,  i.,  208,  1881;  Discussion  on  Cancer,  Glasg. 
Path.  Soc,  papers  by  Macewen,  Jonathan  Hutchinson,  Author,  etc.,  Glasg.  Med. 
Jour.,  1886 ;  Thin,  Cancerous  affections  of  Skin,  1886  (full  literature  and  good 
account  of  Piodent  ulcer);  Perls,  Lehrb.  d.  allg.  Path.,  i. ;  Wolff,  Entstehung  der 
Carcinomen  aus  traum.  Einwirk.,  1874.  A(/e  and  Sex — Humphrey,  Brit.  Med.  Jour.r 
July,  1887  ;  Williams,  Med.  Chronicle,  Sept.,  1892. 
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SECTION  X. 
BACTERIA  AND  PARASITIC  FUNGI. 

Bacteriology. — I.  General  Considerations.  Definition  and  classification,  structure 
and  mode  of  growth  of  microbes  ;  cell,  cell-membrane,  spores  ;  methods  of 
detection.  Conditions  of  life,  as  to  temperature,  oxygen,  etc.  Action  of 
disinfectants.  Products  of  bacteria;  toxines,  ptomaines,  and  toxalbumins. 
Distribution,  Cultivation,  Polymorphism.  II.  Bacteria  in  the  Causation  of 
Disease — (1)  Saprophytes,  parasites,  pathogenic  microbes;  (2)  Infection  and 
toxic  action,  (a)  local  infection,  (/>)  general  toxic  effects,  (c)  infection  of  the 
blood.  III.  Susceptibility  to  Infection.  Immunity— (1)  Natural  immunity 
due  to  cellular  action,  partly  as  phagocytosis  ;  (2)  Acquired  immunity  ;  (3) 
Induced  immunity,  Vaccination,  Antitoxines ;  (4)  Explanations  of  acquired 
and  induced  immunity.  IV.  The  Individual  Forms — A.  Microbes  of  acute 
inflammations  tending  to  suppuration;  (1)  Streptococcus  erysipelatis  ;  (2) 
Staphylococcus  pyogenes  aureus,  and  (3)  albus ;  (4)  Streptococcus  albus  ; 
(5)  Bacillus  of  blue  pus;  (6)  Gonococcus  ;  (7)  Bacillus  coli  communis;  (8) 
Bacteria  of  pneumonia ;  (9)  Bacillus  of  rhino-scleroma.  B.  Microbes  of 
Acute  Specific  Diseases — Bacilli  of  (1)  Anthrax  ;  (2)  Rauschbrand  ;  (3)  Malig- 
nant oedema;  (4)  Typhoid  fever;  (5)  Relapsing  fever;  (6)  Diphtheria;  (7) 
Tetanus;  (8)  Influenza;  (9)  Bubonic  plague;  (10)  Cholera  (other  vibrios, 
including  Metchnikoff's).    C.  Microbes  of  Specific  New- formations — Bacilli  of 

(1)  Tuberculosis  ;  (2)  Leprosy  ;  (3)  Syphilis  ;  (4)  Glanders  ;  (5)  Actinomycosis. 
D.  Microbes  of  Acute  Blood -infections  in  Animals— (1)  Micrococcus  tetragenus ; 

(2)  Bacillus  of  mouse-septica?mia  ;  (3)  Bacillus  of  swine-erysipelas  ;  (4)  Bacillus 
of  septicaemia  hemorrhagica  (including  fowl-cholera,  etc. ).  E.  Some  Sapro- 
phytic Forms. 

Addendum.  Parasitic  Fungi  -I.  The  Yeasts.  II.  Filamentous  Fungi— (1)  Sapro- 
phytes and  occasional  parasites  ;  (2)  Pathogenic  fungi. 

Bacteriology. 

fTIHE  relation  of  minute  vegetable  organisms  to  disease  has  of  late 
years  assumed  a  high  degree  of  importance,  so  much  so  that  a 
special  science  has  been  created  with  its  chairs  and  laboratories,  and  a 
literature  which  has  already  reached  very  large  dimensions. 

The  minute  organisms  have  received  the  names  of  Bacteria  or 
Microbes,  these  terms  being  used  in  a  general  sense  to  include  the 
whole  group.    The  department  of  pathology  which  deals  with  them 
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is  designated  Bacteriology.  The  reader  is  referred  to  special  works 
on  the  subject  for  the  details  of  methods  of  investigation  ;  we  are 
here  chiefly  concerned  with  the  relation  of  the  microbes  to  disease. 

I.— GENERAL  CONSIDERATIONS. 

Definition  and  classification.— The  bacteria  are  the  lowest  forms 
of  organic  life.  They  consist  of  minute  round,  oval,  or  cylindrical 
cells,  so  small  that  they  require  high  powers  of  the  microscope  for  their 
detection.  Like  the  fungi,  they  are,  except  in  one*  or  two  doubtful 
cases,  devoid  of  chlorophyll,  and  like  them  are  incapable  of  evolving 
their  structure  from  inorganic  matter.  But  they  are  even  lower  than 
the  fungi,  as  they  multiply  almost  entirely  by  division.  It  is  from 
this  that  the  name  Schizomycetes  is  derived,  a  name  equivalent  in 
its  meaning  to  Fission-fungi.  There  is  an  approach  to  reproductive 
organs  only  in  a  few  forms  in  which  spores  are  produced  under  certain 
conditions,  but  even  in  them  the  multiplication  is  mainly  by  fission. 

It  is  not  possible  at  present  to  make  a  proper  scientific  classification 
of  the  microbes.  The  working  out  of  that  may  be  left  to  the  botanists. 
For  our  purposes  the  classification  of  Cohn  is  sufficient.  He  dis- 
tinguished them  according  to  their  external  form,  into  the  globular, 
the  short  rods,  the  longer  rods,  and  the  spiral  forms.  The  rod-shaped 
forms  may  be  taken  together,  so  that  we  have  three  forms,  the  globular 
or  oval  Coccus  or  Micrococcus,  the  rod-shaped  Bacillus  and  the  spiral 
Spirillum. 

Structure  and  mode  of  growth. — The  bacterium,  of  whatever  form, 
is  a  cell,  consisting  of  cell-contents  and  membrane,  but  without  a 
nucleus.  The  Cell-contents  consist  of  an  albuminous  substance,  which 
in  its  reaction  to  staining  agents  closely  resembles  the  nuclei  of 
ordinary  animal  and  vegetable  cells.  This  is  more  particularly  the  case 
with  the  basic  aniline  dyes,  which  the  bacteria,  as  well  as  the  nuclei 
of  cells,  usually  absorb  greedily,  but  the  bacteria,  in  many  cases,  retain 
the  colour  more  firmly  than  the  nuclei,  some  of  them  even  in  the 
presence  of  acids.  The  contents  sometimes  present  granules  of  starch, 
and,  in  one  form,  of  sulphur.  The  Cell-membrane  is  composed  of  a 
substance  allied  to  cellulose.  It  is  difficult  to  demonstrate,  but  by 
the  use  of  iodine  the  contents  may  be  made  to  shrink  so  as  to  dis- 
play the  membrane,  which  may  be  now  stained  of  a  different  colour 
(Crookshank).  The  cell-membrane  sometimes  in  its  outer  parts  swells 
up  or  otherwise  produces  a  Gelatinous  envelope,  which  forms  a  cement 
between  the  individual  bacteria,  uniting  them  in  various  numbers. 
Some  bacteria  are  possessed  of  Flagella  or  lashes,  by  the  active 
movement  of  which  they  move  about.    As  the  bacteria  themselves 
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are  very  small,  and  the  flagellum  is  much  finer,  the  latter  is  very 
difficult  of  observation,  but  it  may  be  rendered  visible  by  special 
modes  of  staining  with  logwood  or  aniline  dyes. 

The  bacteria  multiply,  as  already  mentioned,  by  fission,  and  they  do 
so,  under  favourable  circumstances,  with  enormous  rapidity,  so  that, 
^is  has  been  calculated,  a  single  individual  will  multiply  a  million-fold 
in  twenty-four  hours.  In  multiplying,  the  individual  members  may 
remain  for  a  time  united,  and  so  give  rise  to  specific  appearances. 
Thus  some  of  the  cocci  divide  in  succession  in  the  same  direction, 
.and  often  appear  in  twos,  diplococcus,  or  elongated  into  chains, 
hence  streptococcus.  On  the  other  hand  they  may  divide  in  no 
determinate  direction,  and  so  form  groups  which  resemble  bunches 
of  grapes,  hence  the  term  staphylococcus.  Again  the  individual 
cocci  sometimes  divide  a  second  time  at  right  angles  to  the  first  so 
\as  to  produce  four,  hence  the  term  tetragenus.  In  others  the  division 
Occurs  in  three  planes,  so  that  one  coccus  produces  eight  arranged  in  a 
cube,  as  in  Sarcina.  The  bacilli  also  may  remain  united,  and  so  form 
chains  or  threads  or  even  spiral  forms  in  the  case  of  curved  bacilli. 

The  gelatinous  envelope  which  frequently  surrounds  bacteria  may 
unite  them  into  large  groups  or  colonies,  to  which  the  name  Zooglcea 
is  given.  The  zooglcea  sometimes  form  membranous  aggregations, 
such  as  we  so  often  see  as  a  scum  on  the  surface  of  decomposing  fluids. 
Seen  thus  in  the  mass  in  zooglcea,  the  bacteria  give  under  the  micro- 
scope a  characteristic  brownish  clouded  appearance. 

Some  bacteria  produce  Spores,  and  it  is  this  faculty  to  which 
botanists  pay  special  attention,  with  a  view  to  classification.  Two 
forms  of  spore-formation  are  described.  In  the  one  the  spores  form 
inside  the  bacteria,  in  which  they  are  differentiated  as  round  or  oval 
bodies.  These  are  called  Endospores.  In  the  other  form,  individual 
members  of  a  group  of  cocci  become  larger  and  more  prominent, 
having  greater  refractive  power  on  light,  and  so  assume  the  character 
•of  spores,  while  the  remaining  individuals  undergo  no  such  change. 
These  are  called  Arthrospores.  In  whatever  way  produced  the  spore 
has  a  thick  membrane  and  is  much  more  resistant  than  the  ordinary 
-cell.  The  spores  are  more  difficult  to  stain  than  the  rest  of  the 
•cell,  but  when  stained  they  retain  the  colour  more  firmly.  This  fact 
may  be  made  use  of  to  effect  a  double-staining,  the  spores  one  colour 
and  the  rest  of  the  bacterium  another.  They  are  stained  brown 
with  osmic  acid,  from  which  it  has  been  inferred  that  they  contain 
some  form  of  fat.  Bacteria  sometimes  present  an  appearance  resem- 
bling endospores,  but  not  truly  of  that  character.  The  beads,  so 
■characteristic  of  the  tubercle-bacillus  for  instance,  are  not  universally 
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regarded  as  spores,  although  by  some  viewed  in  that  way.  The  great 
majority  of  bacteria  show  no  spore-formation  of  any  sort,  and  even 
those  which  bear  spores  do  so  only  under  special  circumstances. 

Methods  of  detection. — It  will  be  obvious  that  these  minute  organisms  are  often 
very  difficult  of  detection,  even  with  high  powers  of  the  microscope,  especially 
when  they  are  mixed  up  with  other  structures  or  lie  in  the  midst  of  the  tissues. 
When  they  are  in  colonies  their  opaque  clouded  appearance  and  their  frequent 
brown  appearance  as  seen  by  transmitted  light  make  them  often  very  prominent 
objects.  But  when  more  isolated,  and  even  when  in  sparsely  distributed  colonies, 
it  may  be  difficult  to  distinguish  them  from  the  mere  granular  debris  of  the  tissues. 
In  order  to  render  them  more  easy  of  detection,  various  methods  have  been  devised. 
The  simplest  is  that  originally  suggested  by  Recklinghausen,  which  is  based  on 
the  fact  that  these  organisms  present  a  much  greater  resistance  to  alkalies  and 
acids  than  the  animal  tissues  do.  The  addition  of  solution  of  caustic  potash  to  an 
animal  tissue  renders  it  transparent  and  obscures  the  structure.  If  bacteria  be 
present,  they  will  be  rendered  more  prominent  than  before.  Dilute  acetic  acid, 
which  as  we  know  clears  up  the  connective  tissue  especially,  may  be  used  in  a 
similar  way.  This  often  succeeds  in  bringing  into  prominence  the  zoogkea  of 
bacteria,  but  is  not  of  much  use  in  detecting  isolated  ones. 

Much  advance  has  been  made  by  the  introduction  of  improved  methods  of  staining' 
bacteria,  devised  by  Weigert  and  Koch.  Bacteria  absorb  readily  several  kinds  of 
dissolved  pigments,  but  they  show  a  peculiar  tendency  to  become  coloured  with 
basic  aniline  dyes.  Many  such  dyes  have  been  used,  but  the  most  suitable  seem 
to  be  methylviolet,  gentianviolet,  fuchsine,  and  methylblue. 

Most  bacteria  stain  readily  with  watery  solutions  of  these  dyes,  but  various 
methods  have  been  devised  either  to  render  the  stained  bacteria  more  prominent, 
or  to  stain  certain  forms  which  are  refractory  to  the  ordinary  dyes.  One  of  the 
most  useful  of  these  is  Gram's  method,  by  means  of  which  the  bacteria  are  stained 
blue,  while  any  other  structures  can  receive  a  contrast  stain  of  red  or  brown. 
There  are  also  the  special  methods  for  the  bacilli  of  tuberculosis,  syphilis,  typhoid 
fever,  etc.,  in  which  also  a  double  or  contrast  staining  is  aimed  at. 

In  staining  bacteria  contained  in  fluids  the  so-called  Cover-glass  method  is  most 
convenient.  A  thin  layer  is  spread  on  a  cover-glass,  and  dried  so  as  to  form 
a  thin  film.  If  the  fluid  contains  albumen,  the  film  should  be  fixed  by  passing- 
it  three  or  four  times  slowly  through  the  flame  of  a  lamp,  taking  care  not  to  scorch 
it.  The  film  may  now  be  stained  by  any  of  the  methods  referred  to  above,  and 
then,  after  drying,  mounted  in  Canada  balsam.  Sections  of  tissues  are  sometimes 
dyed  and  stained  in  a  similar  fashion,  but  as  a  rule  they  require  to  be  kept  moist. 
After  removal  from  the  staining  fluid  they  are  placed  in  alcohol,  then  in  oil  of 
cloves,  or  other  clearing  agent,  and  mounted  in  Canada  balsam. 

In  all  microscopic  examinations  for  bacteria  it  is  necessary  to  use  an  illuminating 
apparatus  similar  to  that  known  as  Abbe's  condenser.  This  piece  of  apparatus 
has  the  effect  that  all  coloured  objects  are  rendered  specially  visible,  but  all 
uncoloured  details  are  more  obscure.  The  bacteria,  when  stained  with  aniline 
dyes,  are  thus  rendered  very  prominent. 

The  special  methods  will  be  found  described  in  detail  in  works  on  Practical 
Pathology  and  on  Bacteriology. 

Conditions  of  life. — The  bacteria  require  for  their  formation  and 
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growth  the  presence  of  organic  matter.  They  differ  from  most 
plants  in  respect  that  they  are  unable,  on  account  of  the  absence  of 
chlorophyll,  to  eliminate  carbon  from  pure  carbonic  acid,  and  hence 
they  derive  it  from  higher  compounds.  The  nitrogen  may  be 
similarly  derived,  but  it  may  also  be  obtained  from  inorganic  bodies, 
nitrates  and  ammonia  salts.  Most  bacteria  grow  best  in  a  medium  of 
an  alkaline,  or  at  least  neutral,  reaction,  in  this  respect  contrasting 
with  the  fungi  which  grow  vigorously  in  the  presence  of  acids. 

Temperature  exercises  considerable  influence  on  most  bacteria. 
Most  of  them  grow  readily  at  the  ordinary  temperature  of  the  air, 
but  many  of  them  grow  best  at  the  temperature  of  the  blood,  and 
some  of  them  are  only  active  at  that  temperature. 

As  a  general  rule  when  the  temperature  falls  to  5°  C.  (41°  F.)  their  growth  and 
multiplication  cease,  but  they  are  not  killed  even  by  extreme  degrees  of  cold.  Thus 
Pictet  and  Young  exposed  several  forms  of  bacteria  to  a  temperature  of  -  70°  C. 
(-94°  F.)  for  109  hours  and  then  to  that  of  -130°C.  (-202°F.)  for  20  hours,  and 
found  that  many  of  them  retained  their  vitality.  This  was  the  case  with  the 
anthrax  bacillus  which  produced  its  effects  when  injected  into  animals  after  this 
exposure.  Coleman  and  M'Kendrick  exposed  putrescible  fluids  to  a  temperature  of 
-S3  C.  for  100  hours,  and  found  that  the  bacteria  were  not  killed. 

Bacteria  have  less  power  of  resisting  high  temperatures.  Activity  is  suspended 
usually  at  a  temperature  of  45°  C.  (113°  F.),  and  a  prolonged  exposure  at  a  temper- 
ature of  50°  to  60°  C.  suffices  to  kill  most  bacteria.  Hence  boiling  generally  suffices 
to  destroy  the  vitality  of  bacteria.  The  spores  are  more  resistant  than  the  bacteria 
themselves,  and  some  of  them  resist  boiling  unless  it  be  prolonged.  According  to 
Pasteur,  there  are  some  spores  which  can  withstand  a  temperature  of  130°  C. 

Water  is  necessary  to  the  growth  of  bacteria.  The  ordinary  cells 
die  when  dried,  but  the  spores  survive  and  some  of  them  may  be 
preserved  for  years  in  the  dry  state. 

Oxygen  or  atmospheric  air  is  necessary  for  the  growth  of  many 
bacteria,  but  for  some  the  exclusion  of  air  is  a  necessary  condition. 
To  the  former,  Pasteur  has  applied  the  term  Aerobic,  and  to  the  latter 
Anaerobic.  This  distinction  is  of  some  importance  in  relation  to  the 
pathogenic  microbes.  There  are  very  few  which  do  not  require  at 
least  a  certain  supply  of  oxygen,  which  they  may  derive  from  its 
presence  in  ordinary  water. 

Certain  substances  inhibit  or  destroy  bacteria.  It  is  not  to  be 
inferred  that  because  an  agent  destroys  one  form  that  it  will  destroy 
all  bacteria,  for,  as  a  matter  of  fact,  the  same  agent  will  have  very 
different  effects  on  different  forms.  It  is  to  be  noted  also  that  an 
agent  may  inhibit  the  growth  of  bacteria  without  destroying  them. 
Carbolic  acid,  for  example,  stops  the  growth  of  many  forms,  but  it 
may  do  so  when  too  dilute  to  kill  them.    For  surgical  purposes  it  is 
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•often  sufficient  to  inhibit  the  growth,  although  it  is  not  surprising  that 
even  under  carbolic  acid  dressings  there  may  be  a  growth  of  bacteria 
when  the  agent  has  become  greatly  diluted. 

Koch  tested  a  series  of  Disinfectants  as  to  their  power  of  destroying  the  vitality 
of  the  anthrax  bacillus  and  its  spores,  as  well  as  of  other  forms  of  bacteria. 
Carbolic  acid  in  a  one  per  cent,  solution  destroyed  the  vitality  of  bacilli  in  two 
minutes,  whereas  the  spores  required  exposure  to  a  rive  per  cent,  solution  for  more 
than  twenty-four  hours.  A  much  more  dilute  solution,  when  present  in  a  nutrient 
medium,  inhibits  the  growth  even  of  spores.  The  most  active  known  agents  are 
the  salts  of  mercury,  which  in  very  dilute  solutions  kill  even  the  spores  of  anthrax. 
A  watery  solution  of  chloride,  nitrate,  or  sulphate  of  mercury  1 : 1000  destroyed 
the  spores  in  ten  minutes.  Solutions  of  chloride  of  mercury  in  even  greater  degrees 
of  dilution  destroyed  these  spores.  (See  Koch  on  Disinfection,  in  Selected  Essays. 
New  Syd.  Soc,  1886.) 

Products  of  Bacteria.    Toxines,  Ptomaines,  and  Toxalbumins.— In 

their  growth  bacteria  are  engaged  for  the  most  part  in  splitting  uj 
organic  compounds,  and  in  building  up  others.  In  this  process  thejj 
frequently  eliminate  chemical  principles  of  greater  or  lesser  complexity! 
In  the  souring  of  milk,  for  instance,  the  bacillus  acidi  lactici  changes 
milk  sugar  into  lactic  acid.  Then  in  ordinary  putrefactive  processes 
the  albuminous  principles  are  decomposed,  while  various  principles  are 
produced,  some  of  them  alkaloids,  and  some  gases,  which  present 
peculiar  disagreeable  odours.  There  are  some  which  produce  pigments 
the  micrococcus  prodigiosus,  for  example,  is  characterized  by  the 
brilliant  red  appearance  which  it  presents  when  growing  in  masses. 
Other  bacteria  produce  blue,  red,  and  yellow  pigments.  These  pig- 
ments are,  as  it  were,  secretions  of  the  bacteria,  and  in  many  cases, 
at  least,  the  pigment  is  not  in  the  substance  of  the  bacteria,  but  lies 
between  them.  It  is  now  generally  acknowledged  that  decompositions 
•of  organic  matter  and  fermentations  are  the  result  of  the  action  of 
bacteria,  and  it  is  recognized  that  each  form  of  bacterium,  when  under 
similar  conditions,  produces  the  same  chemical  results. 

In  relation  to  the  causation  of  disease,  it  is  of  importance  to  note 
the  nature  of  some  of  the  chemical  products  of  the  bacteria.  Certain 
basic  substances  or  alkaloids  have  been  separated  from  decomposing 
matters  and  from  cultures  of  bacteria,  and  some  of  them  have  been 
obtained  in  the  crystalline  form.  To  these  alkaloids  the  naml 
Ptomaines  (7rro>/xa  =  a  dead  body)  has  been  given.  Like  the  alkaloids 
evolved  by  other  members  of  the  vegetable  kingdom,  some  of  these 
are  poisonous  and  some  are  not.  The  poisonous  varieties  are  called 
Toxines  (Brieger).  But  the  bacteria  evolve  poisonous  products  which 
are  not  alkaloids,  and  it  seems  desirable  to  extend  the  term  Toxine 
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(which  means  simply  a  poison)  to  these.  It  may  be  used  therefore  as 
equivalent  to  a  poison  evolved  by  bacteria  in  their  growth,  whether 
in  artificial  cultures  or  in  their  natural  habitats. 

Some  of  the  toxines  are  albuminoid  substances,  and  are  properly 
called  Toxalbumins,  but  some  of  them  (as,  for  example,  Tuberculin) 
are  not  coagulated,  as  albumins  are,  by  boiling,  and  hence  are  not 
toxalbumins.  To  these  the  term  Proteins  may  be  applied.  In  this 
way,  although  the  nomenclature  is  not  fully  established  and  there  are 
differences  in  the  uses  of  the  terms,  the  toxines  may  be  divided  into 
the  three  forms — Ptomaines,  Toxalbumins,  and  Proteins.  The  toxines 
and  their  effects  are  more  fully  considered  further  on. 

The  Ptomaines  include  many  different  alkaloids,  some  of  which  have  been  at 
least  partially  isolated.  Panum  isolated  a  virulent  poison  which  was  soluble  in 
water  but  not  in  alcohol,  which  he  called  the  Putrid  poison.  Bergmann  and 
Schmiedeberg  isolated  a  crystalline  substance  which  they  called  Sepsin,  and  several 
other  crystalline  alkaloids  have  been  obtained,  especially  by  Brieger.  Amongst 
the  latter  may  be  mentioned  Neurine,  an  alkaloid  obtained  from  decomposing 
muscle.  It  possesses  properties  similar  to  those  of  muscarine,  a  poison  obtained 
from  some  fungi,  and  peculiarly  fatal  to  flies.    Poisonous  products  evolved  by  the 

J  decomposition  of  animal  foods  sometimes  lead  to  serious  and  even  fatal  results. 

I  There  are  not  a  few  cases  of  poisoning  by  sausages,  in  some  of  which  the  symptoms 
have  resembled  those  of  poisoning  by  atropine  (Brunton).     There  have  been 

j  also  cases  where  tish  of  various  kinds,  but  especially  crabs,  have  had  this  effect ~ 
and  there  are  also  cases  in  which  tinned  meats  have  apparently  had  poisonous 
properties.  It  appears  as  if  the  poisons  might  be  evolved  without  the  ordinary 
signs  of  putrefactive  decomposition.  In  that  case  the  bacteria  concerned  would  not 
be  associated  with  the  ordinary  septic  kinds. 

Somewhat  more  problematical  are  the  so-called  Leucomaines.  It  is  asserted 
(Gautier)  that  in  the  physiological  processes,  such  as  muscular  action,  alkaloids 

jare  formed,  which,  like  those  arising  from  bacteria,  are  poisonous.  To  these 
physiological  alkaloids  the  name  Leucomaines  is  given. 

Distribution. — Bacteria  are  present  almost  everywhere  in  nature,, 
but  they  are  specially  abundant  where  water  and  decomposable  organic- 
matter  concur.  They  are  present  in  water, — even  the  purest  waters 
contain  them  in  considerable  abundance.  They  exist  in  the  air 
provided  it  contains  watery  vapour.  If  the  air  is  dry  then  spores 
will  be  present  rather  than  the  bacteria  themselves.  In  the  earth 
they  are  present,  but,  as  they  are  here  liable  to  drying,  it  is  often 
chiefly  spores  which  are  present.  There  are  not  many  below  the  level 
.of  three  feet  from  the  surface.  They  are  present  abundantly  in  the 
human  body  ;  on  the  skin  wherever  there  is  dirt,  and  on  the  mucous 
membranes. 

Cultivation. — The  greatest  advances  in  our  knowledge  of  bacteria 
have  been  made  by  their  artificial  cultivation.    Following  the  example 
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of  Koch  the  bacteria  are  now  cultivated  not  only  in  fluids,  but  on 
solid  media,  where  they  can  be  kept  much  more  free  from  contami- 
nation and  may  be  more  completely  observed  in  their  growth.  The 
cultivation  takes  place  on  the  surface  of  nutrient  substances,  of  which 
the  chief  are  potatoes  and  meat-juice.  Fluid  media  are  rendered  solid 
by  the  addition  of  gelatine  or  agar-agar.  As  the  latter  substance  does 
not  melt  at  the  temperature  of  the  body,  it  is  exceedingly  useful  in 
cultures  which  require  a  higher  temperature  than  that  of  the  ordinary 
air. 

Pure  cultivations  are  made  by  first  sterilizing  the  medium  and 
inoculating  afterwards,  taking  great  precautions  against  contamination. 
It  is  possible  to  propagate  many  individual  forms  through  successive 
generations  and  on  different  media,  so  as  to  observe  their  habits. 
The  growing  and  multiplying  bacteria  appear  as  visible  layers  on 
the  surface  of  the  medium,  and  the  individual  species  present,  as  I 
rule,  variations  in  mode  of  growth,  colour,  and  otherwise,  sufficient 
to  enable  a  practised  eye  to  discriminate  the  form  which  is  under 
observation.  In  their  growth  in  media  which  have  been  stiffened 
with  gelatine,  they  often  produce  liquefaction.  When  one  sees  the 
visible  characteristic  layers  of  bacteria  on  the  surface  of  potato  or 
other  medium  one  has  a  vivid  conception  of  the  reality  of  these 
forms  which  individually  are  mere  microscopic  objects. 

The  methods  of  cultivation  will  be  found  in  text-books  of  Bacteriology,  such 
as  those  by  Klein,  Crookshank,  Fraenkel,  Schenk,  Sternberg,  and  others.  It 
may  be  noted  here  that  by  an  ingenious  application  of  Koch's  gelatine  method  a 
quantitative  estimate  can  be  formed  of  the  number  of  bacteria  in  a  given 
amount  of  air,  earth,  or  water.  This  is  done  chiefly  by  means  of  so-called  Plate 
cultivations.  The  gelatine  solution  is  heated  gently  so  as  to  melt  it,  mixed  with 
a  determinate  quantity  of  the  substance  to  be  estimated,  and  then  poured,  in  a 
thin  layer,  on  a  glass  plate,  where  it  solidifies.  The  bacteria  develop  and  form 
centres  of  growth  which  can  be  counted  and  so  give  an  approximate  estimate 
of  the  numbers  in  a  given  quantity  of  material.  It  has  been  estimated,  for 
■example,  that  in  the  water  of  the  River  Clyde  at  Glasgow  there  are  1,500 
bacteria  in  every  drop,  while  even  in  Loch  Katrine  water,  which  is  exceed- 
ingly pure,  there  is  about  one  in  every  drop  (Maylard). 

Polymorphism. — An  important  question  has  been  raised  as  to 
whether  the  bacteria  always  retain  their  forms,  and  accordingly 
whether  the  genera  can  be  formed  on  the  basis  of  their  outward 
configuration.  It  has  been  asserted  that  under  varying  circumstances 
not  only  the  form  but  the  physiological  characters  may  vary.  It  is 
true  that  according  to  the  stage  of  development,  and  the  conditions 
of  nutrition,  the  individual  forms  do  undergo  certain  variations  in 
size  and  shape.    This  is,  to  a  certain  extent,  true  of  all  living  things. 
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But  it  is  also  true  that  when  the  more  perfect  modern  methods  of 
cultivation  are  used,  the  identity  of  the  different  forms  can  be 
absolutely  secured,  and  that  in  such  case  they  have  a  definite  con- 
figuration which  is  the  constant  expression  of  their  complete  state 
of  development.  As  in  the  case  of  higher  plants  we  can  here 
recognize  indications  of  genera  and  species,  although  the  objects  are 
too  minute  and  the  science  too  recent  to  permit  of  a  permanent 
classification. 

The  alleged  cases  of  alteration  of  form  and  characters  arise  largely  from 
imperfections  in  the  observations.  It  may  be  acknowledged,  however,  that  in 
the  case  of  some  of  the  bacteria  a  very  strong  case  has  been  made  out  for 
polymorphism.  In  the  construction  of  genera  and  species  here  as  in  higher 
plants,  attention  will  be  paid  to  the  whole  life-history  of  the  bacteria  and  not 
merely  to  their  outward  form.  We  are  still  far  from  a  complete  system  on 
such  a  basis. 

Literature. — The  recent  literature  of  Bacteriology  is  of  enormous  extent.  It  is 
given  for  the  most  part  fully  in  the  general  works  mentioned  below.  General 
works — Cohn,  Biol,  der  Pflanzen,  vol.  iii.,  1879;  Zopf,  Zur  Morphologie  der 
Spaltpilzen,  1882  and  1885 ;  De  Bary,  Vorlesungen  viber  Bacteria,  1885,  and 
Fungi,  mycetozoa  and  bacteria  (transl.).  1887 ;  Hueppe,  Formen  der  Bacteria, 
1886 ;  Klein,  Micro-organisms  and  disease,  3rd  ed.,  1886 ;  Crookshank,  Bacteri- 
ology, 2nd  ed.,  1887;  Woodhead  and  Hare,  Pathological  Mycology,  1885; 
Cornil  et  Babes,  Les  bacteries,  1885 ;  Fraenkel,  Bakterienkunde,  1887  (also 
transl.) ;  Flugge,  Micro-organisms,  Syd.  Soc.  transl.,  1890  ;  Baumgarten,  Path. 
Mykologie,  1890;  Sternberg,  Bacteriology,  1893;  Gunther,  Bacteriologie,  1893; 
SSchenk,  Elements  of  bacteriology  (transl.),  1893.  Limits  of  temperature — Pictet 
and  Young,  Comptes  rendus,  xcviii.,  p.  747;  Coleman  and  M'Kendrick,  Proc. 
of  Boy.  Instit.,  1885.  Ptomaines — Aitken,  Animal  alkaloids,  1887;  Brown, 
! Animal  alkaloids,  1887;  Brunton,  On  disorders  of  digestion,  1886;  Brieger, 
Ueber  Ptomaine,  1885,  and  Untersuchungen,  1885. 

II.— BACTERIA  IN  THE  CAUSATION  OF  DISEASE. 

1.  Saprophytes,  Parasites,  Pathogenic  microbes. — It  will  be  readily 
understood  that  the  great  majority  of  bacteria  present  no  relation 
whatever  to  disease ;  they  have  their  various  functions  in  the  economy 
of  nature,  and  may  never  come  into  relation  with  the  living  body 
of  an  animal.  Their  function  in  nature  seems  to  be  chiefly  to  prey 
| upon  dead  animal  and  vegetable  matters,  and  so  to  cause  their  dis- 
integration. In  this  view,  the  term  Saprophytes  (o-a-n-pos  =  putrid)  is 
used.  Some  of  the  bacteria  on  the  other  hand  are  capable  of  living 
in  the  bodies  of  higher  organisms,  either  animal  or  vegetable,  and  of 
preying  on  their  tissues  or  juices.  In  this  sense  they  are  properlv 
called  Parasites.  Even  when  living  in  the  body  of  an  animal  or 
plant  a  microbe  may  feed  merely  on  the  dead  ingesta  or  excreta, 
land  may  therefore  be  purely  saprophytic.    In  the  living  body  there 
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are  continually  present  multitudes  of  microbes  which  are  its  normal 
tenants  and  exercise  their  saprophytic  functions.  In  the  alimentary 
canal  they  are  even  supposed  to  aid  digestion  and  absorption  by 
splitting  up  proteids  and  carbo-hydrates  which  have  escaped  the 
action  of  the  digestive  juices. 

On  the  other  hand  certain  microbes  are  abnormally  present  in 
the  tissues  and  canals  of  the  body  and  are  capable,  by  means  of 
their  toxic  products,  of  giving  rise  to  various  forms  of  disease, 
such  as  fevers,  inflammations,  etc.  Microbes  of  this  kind  are  desig- 
nated Pathogenic,  as  contrasted  with  the  Non-pathogenic  which 
produce  no  such  results.  It  must  be  added  that  a  microbe  which 
is  saprophytic  in  the  skin  or  alimentary  canal  may  be  highly 
pathogenic  when  introduced  into  the  tissues.  It  is  proper  to  desig- 
nate a  microbe  as  pathogenic  if  it  is  capable  of  producing  disease 
under  suitable  circumstances,  although  for  the  most  part  it  may  be 
purely  saprophytic. 

Bacteria  produce  their  pathogenic  effects  by  means  of  the  toxic 
substances  which  they  evolve  (see  p.  316).  As  they  are  in  them- 
selves small  particles  of  matter,  often  very  insignificant  in  relation  to 
the  mass  of  the  tissue,  their  mere  presence  can  produce  little  disturb- 
ance. Nor  is  it  by  using  up  the  material  required  by  the  tissues 
that  they  do  harm.  In  a  few  cases,  such  as  that  of  the  anthrax 
bacillus,  in  which  they  are  present  in  enormous  numbers  in  the 
blood,  it  has  been  supposed  that  they  do  harm  by  using  up  the 
oxygen  of  the  blood,  or  blocking  the  capillaries  of  the  lungs  so  that 
respiration  is  impeded.  But  if  at  all  true  this  view  is  only  partial. 
Bacteria  produce  their  effects  essentially  by  the  products  which  they 
evolve,  and  the  effects  vary  according  to  the  kind  of  bacteria  and 
the  nature  of  the  products. 

2.  Infection  and  toxic  action. — The  term  infection  is  used  to 
designate  the  production  of  disease  by  means  of  microbes  penetrating 
into  the  body  from  without.  Infective  diseases  are  such  as  are 
produced  in  this  way,  this  term  being  equivalent  to  infection  diseases 
as  used  by  the  Germans.  Contagion  designates  a  particular  kind 
of  infection,  that  namely  in  which  the  microbes  pass  from  the  body 
of  the  individual  affected  in  such  a  condition  as  that  they  may  be 
carried  directly  into  the  body  of  another  individual  and  so  produce 
the  disease  afresh.  Thus  cholera  is  contagious  because  the  discharge 
from  the  bowels  contains  microbes  which  are  capable  of  producing 
cholera  if  ingested  by  another  person.  On  the  other  hand  a  disease 
is  non-contagious  or  miasmatic  when  the  microbes  are  not  discharged 
by  the  body  or  are  discharged  in  a  condition  in  which  they  cannot 
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pass  into  the  bodies  of  other  animals.  Thus  malarial  fever  is  non- 
contagious. The  microbe  here  is  not  derived  from  the  person 
infected  but  always  from  the  soil,  where  it  has  apparently  an  inde- 
pendent growth. 

It  has  already  been  stated  that  the  pathogenic  microbes  produce 
their  effects  by  means  of  toxines  which  they  evolve.  In  the  various 
forms  of  disease  so  produced  there  are  differences  in  respect  to 
locality  and  otherwise  which  are  of  considerable  importance. 

Probably  in  all  cases  the  poisons  evolved  by  the  microbes  produce 
effects  on  the  structures  immediately  in  contact  with  them,  but  in 
almost  all  cases  the  toxines  do  not  limit  themselves  to  the  locality 
but  extend  into  the  blood.  Moreover  there  are  some  forms  of  dis- 
ease, in  which  the  microbe  propagates  in  the  blood  itself,  and  the 
toxines  arc  primarily  present  there.    We  recognize  therefore  a  local 


Fig.  1-1-2. — Pysemic  abscess  of  kidney;  a,  necrosed  central  part;  b,  area  of  inflam- 
mation, the  tissue  packed  with  pus  corpuscles  ;  c,  capillaries  filled  with  micrococci ; 
d,  Malpighian  glomeruli ;  e,  uriniferous  tubules,    x  16. 

and  a  general  action,  and  where  these  co-exist  in  the  same  form  of 
disease  they  may  be  of  varying  intensity  in  relation  to  one  an- 
other. In  these  respects  we  are  able  to  recognize  several  different 
categories. 

x 
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(a)  Local  Infection. — The  most  important  local  effects  of  the 
pathogenic  microbes  are  Necrosis  and  Inflammation.  These  are 
illustrated  in  previous  pages  in  the  case  of  tuberculosis  and  other 
specific  inflammations.  This  may  be  further  illustrated  by  the  accom- 
panying figure  (Fig.  142)  which  represents  a  section  of  the  kidney 
in  a  case  of  pyaemia.  Septic  bacteria  have  been  transplanted  to  the 
kidney  where  they  have  settled  and  produced  metastatic  abscesses. 
The  central  part  of  the  area  is  necrosed  (a  in  figure).  It  shows  no 
differentiation  of  tissue,  and  when  treated  with  one  of  the  ordinary 
nuclear  staining  agents  it  remains  unstained  or  is  homogeneously 
coloured.  Around  the  necrosed  part  there  are  evidences  of  acute 
inflammation  in  the  presence  of  myriads  of  leucocytes.  In  this 
illustration  the  section  has  not  encountered  the  actual  embolus 
which  caused  the  lesion,  but  there  are  at  intervals  two  or  three 
capillaries  filled  with  bacteria.  In  Fig.  143  again  we  have  septic- 
bacteria  in  a  capillary  of  the 
kidney,  producing  necrosis  of 
the  epithelium  of  the  tubules. 
It  will  be  observed  that  in 
the  neighbourhood  of  the 
bacteria  there  are  no  nuclei 
visible. 

In  almost  all  cases  the 
toxines,  although  their  action 
may  be  mainly  local,  are  to 
some  extent  diffused  out- 
wards, and  pass  into  the 
blood  so  as  to  produce  gene- 
ral effects. 

(b)  General  toxic  effects.  Intoxication. — The  toxines  as  just 
noted  are  liable  to  pass  from  the  infected  locality  and  produce 
general  effects  by  entering  the  blood.  It  is  here  a  question,  not  of 
microbes  passing  into  the  blood,  but  of  their  toxic  products  ;  it  is  a 
poisoning  of  the  blood,  not  an  infection.  For  this  general  intro- 
duction of  toxic  agents,  continental  writers  use  the  term  Intoxication, 
which  with  us  usually  designates  a  more  limited  form  of  general 
toxic  action. 

The  general  toxic  effects  vary  according  to  the  nature  of  the 
poison.  In  most  cases  fever  is  produced,  as  in  tuberculosis,  septic 
infection,  diphtheria,  etc.  In  others  there  are  more  specific  effects, 
such  as  muscular  spasms  in  tetanus  and  hydrophobia,  soporific 
conditions  in  cholera,  etc. 


Fig.  143.  -  Capillary  blood-vessel  (6)  in  kidney  filled 
with  micrococci,  from  a  ease  of  pyaemia.  There  is  a 
tubule  on  either  side  («,  a),  the  nuclei  of  which  are 
visible  except  in  the  neighbourhood  of  the  capillary. 
X  650. 
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In  some  forms  the  poison  given  off  is  of  extraordinary  intensity, 
and  the  disease  is  dangerous  to  life  chiefly  or  entirely  from  the 
general  toxic  effects.  The  most  striking  example  of  this  is  tetanus, 
where  the  microbe  propagates  locally  with  quite  insignificant  effects, 
but  gives  off  a  toxine  of  almost  incredible  virulence.  Another 
instance  is  afforded  by  diphtheria,  in  which,  although  there  are 
important  local  phenomena,  the  general  toxic  influence  is  especially 
dangerous.  Diseases  in  which,  as  in  tetanus  and  diphtheria,  there  is 
a  specific  general  poisoning  are  sometimes  called  toxic  diseases  and 
the  microbes  toxic  bacteria.  In  these  and  other  cases  the  toxines 
are  elaborated  by  the  microbes  when  growing  in  artificial  cultures 
(in  vitro,  i.e.  in  glass  vessels),  and  the  general  symptoms  of  the 
disease  may  be  produced  by  the  introduction  of  the  toxines  separated 
from  the  microbes  by  filtration  or  otherwise. 

It  may  be  added  that  the  products  of  saprophytic  bacteria  may 
have  toxic  effects  when  absorbed  into  the  blood.  Putrid  matters 
after  separation  of  the  microbes  produce  symptoms  when  injected 
into  the  bodies  of  animals.  Foods  which  have  undergone  certain 
fermentative  changes  of  unknown  character  may  acquire  poisonous 
properties  (see  ante,  p.  317),  and  the  decompositions  in  the  intestinal 
canal  may  evolve  products  whose  absorption  produces  symptoms.  It 
seems  not  improbable  that  many  of  the  symptoms  of  dyspepsia  and 
so-called  biliousness  are  due  to  the  absorption  of  such  poisons. 

We  know  that  odorous  (often  very  mal- odorous)  products  are  absorbed  from 
the  intestinal  canal  and  exhaled  by  the  lungs,  and  in  a  similar  way  poisonous 
ptomaines  may  be  absorbed.  So  long  as  they  are  freely  excreted  they  will  not 
be  in  sufficient  quantity  to  do  much  harm,  but  when  the  secretions  are  inter- 
fered with  they  may  do  so.  Bouchard  ascribes  the  symptoms  in  some  cases  of 
uraemia  to  the  retention  of  ptomaines  which  would  be  excreted  by  the  kidneys, 
if  these  organs  were  healthy. 

(<•)  Infection  of  the  blood.     Septicemia.— In  contrast  with  the 
conditions  considered  above   in  which  only  the  products  of  the 
bacteria  pass  into  the  blood  we  have  the  cases  in  which  the  microbes 
themselves  propagate  in  the  blood.     To  this  class  of  diseases  the 
general  term  Septicemia  has  been  applied,  with  doubtful  accuracy, 
as  the  microbes  concerned  are  certainly  not  all  septic.    It  is  neces- 
i  sary  to  make  a  distinction  here  between  actual  infection  of  the 
blood  and  the  mere  conveyance  by  the  blood  of  microbes  which 
propagate  locally.    Thus  septic  or  pyogenic  microbes  sometimes  find 
J  entrance  to  the  blood  and  are  carried  to  distant  parts  where  they 
i  are  planted,  and  give  rise  to  foci  of  disease  in  various  localities. 
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They  do  not  propagate  however  in  the  circulating  blood,  and  any 
general  effects  are  the  result  of  toxic  agents  introduced  into  the 
blood,  not  of  the  microbes  themselves. 


Fig.  144.— Vein  of  the  diaphragm  of  a  septicemic  mouse.  The  septicemic  bacilli 
are  seen  in  great  abundance,  seme  of  them,  attacking  the  white  blood-corpuscles, 
which  are  occasionally  reduced  to  masses  of  bacilli,    x  700.  (Koch.) 


The  accompanying  illustration  (Fig-.  144)  gives  a  representation  of 
a  true  infection  of  the  blood  in  Koch's  Septicaemia  of  mice.  Another 
example  is  afforded  by  anthrax  (see  further  on). 

III.  -SUSCEPTIBILITY  TO  INFECTION.  IMMUNITY. 

The  introduction  of  pathogenic  bacteria  into  animals  is  by  n 
means   followed  by  the    same   results   in   all   cases,   and   we  a 
thus  met  with  the  fact  -  of  varying  susceptibility  amongst  animals. 
We  are  able  to  recognize  several  kinds  of  variation  in  this  respec 
Animals  by  their  inherited  constitution  present  various  degrees 
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susceptibility.  Then  it  is  well  known  that  in  many  cases  when  an 
animal  has  passed  through  a  single  attack  of  an  infective  disease  it 
is  rendered  more  or  less  insusceptible  of  a  second  attack.  Again, 
by  certain  methods  of  procedure  an  animal  may  be  rendered  insus- 
ceptible in  various  degrees.  The  terms  immunity  and  immune  are 
used  as  equivalent  to  insusceptibility  and  insusceptible. 

1.  Natural  Immunity. — This  subject  has  been  sufficiently  illustrated 
at  pp.  21,  22,  where  it  is  pointed  out  that,  as  a  part  of  the  generic, 
specific,  racial,  and  individual  characters,  there  are  great  differences 
in  the  reception  which  the  pathogenic  microbes  receive  from  different 
animals.  Indeed,  the  designation  pathogenic  is  to  be  used  relatively 
to  particular  animals.  A  microbe  is  pathogenic  in  some  animals  and 
non-pathogenic  in  others,  or,  in  other  words,  some  animals  are 
immune  to  a  particular  infection  and  others  are  not. 

Coming  closer  to  the  matter  we  have  to  inquire  into  the  meaning 
of  these  varying  degrees  of  natural  immunity.  As  all  the  activities 
of  the  body  are  directly  related  to  the  cells,  so  immunity  must  be 
ultimately  resolvable  into  Cellular  action. 

Phagocytosis  is  a  term  devised  by  Metschnikoff  to  designate  the 
mode  in  which,  according  to  his  view,  immunity  comes  about. 
Phagocytosis  is  a  direct  cellular  action,  and  it  is  at  least  one  of 
the  modes  in  which  the  cells  deal  with  the  microbes.  Metschnikoff  \s 
first  observations  were  made  on  a  disease  of  the  water-flea  or  daphne, 
in  which  fungus  spores  are  visible  in  the  transparent  body  of  the 
animal.  He  found  that  when  the  spores  were  present  in  small 
numbers  the  amoeboid  leucocytes,  collecting  around  them,  took  them 
into  their  substance,  destroyed  their  power  of  germination,  and  finalh' 
disintegrated  them,  while  if  many  spores  were  present,  some  of  them, 
which  were  not  taken  up  by  the  leucocytes,  germinated  and  grew 
through  the  body.  Thus  it  appeared  that  the  active  cells  of  the 
animal  have  the  power  of  attacking,  and  in  some  cases  englobing, 
the  intruding  organisms,  which  are  afterwards  disposed  of  by  a  process 
of  digestion. 

In  the  further  development  of  this  doctrine  Metschnikoff'  recog- 
nizes a  difference  between  the  leucocytes  and  the  fixed  cells  of  the 
tissues.  Both  may  become  amoeboid  and  both  have  the  power  ot 
taking  up  solid  particles  and  digesting  them.  In  view  of  this  power 
he  names  them  Phagocytes  (c/>aye<V  =  to  devour).  These  two  forms 
of  cells  present  different  reactions  to  the  various  bacteria,  and  for  the 
sake  of  distinction  the  leucocytes  which  have  divided  nuclei  are  called 
Microphags,  and  the  cells  derived  from  the  fixed  cells  of  the  tissues, 
which  are  larger  and  have  large  oval  nuclei,  are  Macrophages.  In 
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all  diseases  of  this  class  there  is  liable  to  be  a  struggle  between  the 
bacteria  and  the  phagocytes,  whether  the  microphags  or  the  macrophags. 

This  process  of  phagocytosis  undoubtedly  proceeds  with  more  or 
less  success  in  many  infective  diseases.  In  erysipelas  the  microbe 
produces  a  severe  inflammation  and  the  leucocytes  englobe  the  bacteria 
and  dispose  of  them.  The  anthrax  bacillus,  introduced  into  the  frog, 
which  is  immune  to  this  form,  is  taken  up  by  the  leucocytes,  so  that 
in  a  few  hours  none  are  free.  The  leucocytes  convey  the  microbes 
to  the  liver  and  spleen,  where  they  are  disposed  of  within  the  cells, 
presenting  various  stages  of  degeneration.  In  other  animals  the 
number  of  bacilli  undergoing  disintegration  in  the  spleen  is  in 
inverse  proportion  to  the  susceptibility  of  the  animal  to  anthrax. 
Observations  on  relapsing  fever  and  tuberculosis  seem  to  show  that 
immunity  largely  depends  on  the  power  of  the  living  cells  to  englobe 
and  dispose  of  the  pathogenic  microbes. 

But  this  is  not  necessarily  the  whole  explanation  of  natural  im- 
munity. Cells  may  act  in  other  ways  than  by  englobing,  they  may 
prevent  the  entrance  of  microbes  by  exercising  a  repellent  influence 
on  them.  The  layers  of  cells  at  the  various  surfaces  of  the  body, 
cutaneous  and  mucous,  have  an  important  office  in  preventing  the 
intrusion  of  microbes,  and  immunity  to  various  forms  of  disease,  such 
as  some  manifestations  of  tuberculosis,  has  probably  this  explanation. 
Cellular  activity  is  not  limited  to  the  one  mode  of  action. 

2.  Acquired  Immunity. — It  is  well  known  that  in  the  case  of  some 
of  the  infective  diseases  the  survival  of  one  attack  causes  a  certain 
immunity  to  further  attacks.  This  applies  to  most  of  the  specific 
fevers,  such  as  small-pox  and  scarlet  fever.  In  most  diseases  of  this 
kind  (the  Exanthemata)  no  microbe  has  been  discovered,  but  in 
typhoid  fever,  which  is  one  of  the  exanthemata  and  is  subject  to 
the  same  rule  of  immunity,  the  microbe  is  a  specific  bacillus. 

The  explanation  of  acquired  immunity  is  probably  the  same  as 
in  immunity  induced  by  vaccination  (see  further  on). 

3.  Induced  Immunity. — By  vaccination,  immunity  to  small-pox  is 
induced  by  the  introduction  of  the  virus  of  a  disease  which  is  allied 
to,  or  a  weakened  form  of  the  disease  against  which  protection  is 
sought.  Vaccination  is  the  type  after  which  many  modern  methods 
of  producing  immunity  have  been  devised.  Of  late  years  another 
method  has  been  introduced,  in  which  antitoxines  present  in  the 
blood  of  immunized  animals  are  used  to  produce  immunity  in 
susceptible  animals. 

Vaccination  as  a  mode  of  producing  immunity  implies  the  pro- 
duction of  a  modified  form  of  the  disease,  and  this  is  done  chiefly 
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by  so  treating  the  infective  agents  as,  in  the  first  place,  to  modify 
their  intensity.  Cultures  of  pathogenic  microbes  may  be  weakened 
in  a  number  of  different  ways,  such  as  by  exposing  them  to  a  slightly 
higher  or  a  lower  temperature  than  suits  their  habit,  as  in  the  case 
of  the  anthrax  bacillus  ;  by  cultivating  for  a  prolonged  time  without 
passing  the  microbes  through  the  body  of  an  animal  ;  by  adding 
certain  chemical  substances,  etc.  By  various  modifications  of  the 
different  methods,  vaccines  have  been  prepared  of  a  number  of  diseases 
of  which  the  principal  are  Fowl  cholera,  Anthrax,  Hog  erysipelas, 
Symptomatic  anthrax,  and  Rabies. 

An  important  step  in  advance  was  made  by  the  discovery  that 
in  order  to  produce  immunity  by  vaccination  it  is  not  necessary, 
at  least  in  some  cases,  to  introduce  the  microbes,  but  that  their 
toxines  are  sufficient  for  the  purpose.  There  is  thus  an  immunity 
producible  by  chemical  vaccines.  The  bacteria  are  separated  from 
the  cultures  by  filtration  through  unglazed  porcelain,  or  they  are 
killed  by  heat  or  by  means  of  an  antiseptic  agent,  and  the  toxines, 
thus  freed  from  living  microbes,  are  inoculated.  By  such  means 
immunity  has  been  procured  in  animals  to  malignant  oedema,  hog 
cholera,  tetanus,  diphtheria,  and  some  other  forms  of  infective  disease. 
Wooldridge  found  not  only  that  cultures  of  anthrax  grown  in  certain 
special  media  produced  immunity  after  the  microbes  had  been 
separated,  but  also  that  immunity  was  procurable  by  means  of  sub- 
stances which  had  no  connection  with  anthrax,  namely,  certain  forms 
of  fibrinogen.  As  a  further  illustration  of  immunity  by  means  of 
chemical  agents,  it  may  be  stated  that  immunity  to  the  poison  of 
the  cobra  or  of  the  rattle-snake  may  be  obtained  by  careful  inoculation 
with  these  poisons  in  increasing  doses.  The  same  applies  to  the 
vegetable  poisons  ricin  obtained  from  the  castor-oil  bean,  and  dbrin 
obtained  from  the  jequirity  bean. 

Antitoxines. — This  word  represents  a  further  advance  in  the 
production  of  immunity.  It  has  been  found  in  the  case  of  an  ever- 
increasing  number  of  microbes,  that  the  blood  serum  of  an  animal 
which  has  been  rendered  immune,  when  injected  into  a  susceptible 
animal,  renders  the  latter  immune  to  that  form  of  infection.  Not 
only  that,  but  the  blood  serum  added  to  the  toxines  produced  by 
artificial  cultures  renders  these  toxines  innocuous  when  injected  into 
animals.  These  facts,  which  were  established  by  Behring  and  Kitasato 
in  the  case  of  tetanus  and  diphtheria,  imply  that  in  the  immunized 
animal  a  substance  is  produced  which  antagonizes  the  toxine,  and 
I.  is  therefore  called  antitoxine.  There  have  been  established  on  this 
basis  methods  of  treatment  full  of  promise,  to  which   the  term 
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Serum-therapy  is  given.  The  extraordinary  activity  of  the  anti- 
toxine  in  controlling  the  deadly  toxine  of  tetanus  ma}7  be  estimated 
from  the  following  facts  (Roux).  Taking  an  exceedingly  active 
tetanus  toxine,  there  is  added  to  it  a  quantity  of  serum  from  an 
immunized  animal,  equal  to  part  of  the  toxine  solution.  A  half 
cubic  centimetre  of  the  mixture  containing  an  otherwise  fatal  dose 
of  the  toxine  is  inoculated  in  a  guinea-pig,  but  the  animal  remains 
unaffected.  The  activity  of  the  antitoxine  is  indicated  by  the  fact 
that  the  amount  of  serum  used  is  only  the  one-thousandth  part  of 
a  cubic  centimetre. 

The  efficiency  of  the  antitoxines  of  tetanus  and  diphtheria,  either 
when  applied  to  the  toxines  directly  or  injected  into  the  animal  at 
the  same  time  as  the  toxines,  is  unequivocal.  In  the  case  of  the 
respective  diseases  the  success  of  treatment  will  depend  on  whether 
the  antitoxine  is  administered  in  time  to  prevent  the  fatal  action  of 
the  toxine.  Observations  seem  to  show  that  this  can  seldom  be  done 
in  tetanus,  as  the  disease  has  no  local  manifestations,  and  the  general 
symptoms  which  proclaim  it  already  imply  the  presence  of  a  general 
toxic  action.  In  diphtheria,  however,  the  local  manifestations  are 
distinct,  and  there  is  usually  time,  if  these  are  recognized  soon 
enough,  to  anticipate  the  general  toxic  effects  by  injection  of  the 
serum.  Hence  the  so-called  Serum-therapy  is  efficient  in  diph- 
theria but  not  in  tetanus.  In  regard  to  other  diseases  little  has  yet 
been  done,  but  there  are  evidences  that  in  man  the  blood  serum  of 
those  who  have  passed  through  an  attack  of  pneumonia,  typhoid  fever, 
and  cholera,  confers  immunity  in  animals  to  the  microbes  concerned 
in  these  diseases. 

Explanation  of  induced  immunity. — The  facts  already  noted  indi- 
cate that  induced  immunity  has  a  different  explanation  from  natural 
immunity.  It  is  not  here  phagocytosis  or  direct  cellular  action,  but 
the  production  of  antitoxines.  It  is  consistent  with  this  that  the 
serum  of  animals  possessing  natural  immunity  has  no  antitoxic  effect. 
Nevertheless,  the  antitoxines  are  the  products  of  cellular  activity. 
They  are  secretions  from  the  cells.  They  have  been  determined 
chemically  to  be  albuminoid  substances,  belonging  to  the  same  class 
of  substances  as  some  of  the  toxines  (toxalbumins).  Not  only  so, 
but  there  is  reason  to  believe  that  the  antitoxines  do  not  neutralize 
in  a  chemical  sense  the  toxines,  and  that  when  introduced  into  the 
body  they  act,  in  part  at  least,  by  stimulating  the  cells  to  farther 
production  of  antitoxines.  This  view  is  supported  by  the  fact  that 
a  mixture  of  antitoxine  and  toxine  which  is  innocuous  in  one  animal 
may  be  toxic  in  another,  a  fact  that  we  should  not  expect  were 
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there  a  proper  chemical  neutralization  of  the  toxine  (see  especially 
Roux's  articles). 

The  most  probable  theory  of  both  acquired  and  induced  immunity 
is  that  the  presence  of  the  toxine  induces  the  cells  of  the  body  to 
produce  an  antitoxine,  which  as  an  active  albuminoid  antagonizes 
the  action  of  the  toxine.  This  affords  an  explanation  of  the  Periodi- 
city of  certain  infective  diseases.  Such  diseases  as  typhoid  fever, 
typhus  fever,  pneumonia,  cholera,  are  known  to  run  their  course  and 
come  to  a  crisis  in  a  certain  number  of  days.  The  explanation  of 
this  seems  to  be  that  on  the  average  a  sufficient  amount  of  antitoxine 
is  produced  by  that  time  to  antagonize  the  toxine.  It  may  be  perhaps 
inferred  that,  in  the  case  of  diseases  which  possess  no  periodicity, 
and  in  which  one  attack  confers  no  immunity,  antitoxines  are  not 
produced  and  treatment  by  blood  serum  is  not  available.  This  applies 
to  tuberculosis,  leprosy,  etc. 

Literature. — See  fully  in  Sternberg,  Bacteriology,  1892  ;  Pasteur,  Numerous 
papers  in  Comptes  rendu s  ;  Report  of  Commission  on  Hydrophobia,  Brit.  Med. 
Jour.,  1887;  Koch,  Traum.  Inf.  Dis.,  Syd.  Soc.  transl.,  1880;  Behring,  Brieger, 
Kitasato,  Ehrlich,  Wassermann,  Many  papers  in  Deutsch.  Med.  Wochenschr. 
and  Zeitschr.  f.  Hygiene;  Metschnikoff,  Yirch.  Arch.,  ciii.,  cix.,  cxiii.,  Brit. 
Med.  Jour.,  1891,  i.,  213.  Annales  de  l'Institut  Pasteur,  No.  9,  1894;  Boux, 
ibid.,  Nos.  9  and  10,  1894  ;  Hess,  Virch.  Arch.,  cix.,  ex. 

IV.— THE  INDIVIDUAL  FORMS  OF  BACTERIA. 

In  what  has  gone  before  it  has  been  indicated  that  there  is  not  as 
yet  a  complete  and  satisfactory  classification  of  the  bacteria.  Sufficient 
[is  known,  however,  to  enable  us  to  identify  many  of  the  forms,  although 
their  generic  relations  may  not  be  fully  established.  In  order  to 
determine  the  character  and  kind  of  a  particular  bacterium,  it  is 
necessary,  not  merely  to  prepare  a  specimen  and  observe  it  under 
the  microscope,  but  also  to  discover  its  behaviour  when  grown  as  a 
pure  culture.  Hence  a  full  description  of  each  form  should  include 
a  statement  of  its  mode  of  growth  when  so  cultivated,  as  well  as  of 
its  form.  In  the  case  of  pathogenic  bacteria  the  results  of  cultivation 
must  be  tested,  where  possible,  by  experiments  on  animals,  and  the 
position  of  any  pathogenic  form  can  hardly  be  regarded  as  established 
unless  according  to  Koch's  postulates  it  has  been  (a)  found  in  persons 
affected  by  the  disease,  (b)  cultivated  on  nutrient  media  through 
several  generations,  (c)  inoculated  in  animals  with  the  result  of  pro- 
ducing the  original  form  of  disease,  and  (d)  cultivated  outside  the  body 
from  the  affected  animal. 

In  the  following  enumeration  it  is  not  intended  to  give  a  complete 
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account  of  the  bacteria.  In  regard  to  the  saprophytes  especially,  we 
shall  only  refer  to  those  which,  from  the  frequency  of  their  occurrence 
or  from  their  association  with  man,  are  apparently  of  practical  impor- 
tance. In  the  nomenclature,  the  terms  descriptive  of  the  forms  of 
the  individual  cells  are  used  as  generic  names,  while  the  specific 
designation  refers  to  some  obvious  characteristic. 

In  the  grouping  of  the  pathogenic  forms  a  pathological  order  has 
been  followed,  as  being  consistent  with  the  general  character  of  this 
work. 

A. — MICROBES  OF  ACUTE  INFLAMMATIONS  TENDING  TO 
SUPPURATION.    PYOGENIC  MICROBES. 

The  majority  of  the  bacteria  in  this  group  are  micrococci,  and  on 
the  other  hand  most  of  the  pathogenic  micrococci  belong  to  this  group. 
The  group  is  characterized  by  the  fact  that  the  microbes  induce  acute 
inflammations  frequently  resulting  in  suppurations.  Hence  the  term 
Pyogenic,  that  is,  producers  of  pus.  In  the  nomenclature  of  the 
pyogenic  micrococci,  the  distinctions  in  the  mode  of  growth  mentioned 
at  p.  313  are  made  use  of. 

The  toxine  of  the  pyogenic  microbes  is,  according  to  Buchncr,  a 
proteid  substance  which  is  present  in  the  bacteria  themselves.  This 
substance  does  not  lose  its  virulence  even  when  heated  for  hours  to 
120°  C.    The  toxine  produces  suppuration  apart  from  the  microbes. 

1.  Streptococcus  erysipelatis,  the  micrococcus  of  erysipelas,  is  com- 
posed of  perfectly  globular  cells  of  small  size,  which  have  a  peculiar 
tendency  to  grow  into  long  chains.  It  has  been  cultivated  on  various 
media,  growing  slowly  at  the  ordinary  temperature,  and  more  quickly 
when  the  temperature  approaches  that  of  the  body.  The  cocci  grow 
most  abundantly  in  bouillon,  and  not  at  all  on  potato.  In  growing 
they  form  little  white  spots  which  have  a  characteristic  appearance, 
and  do  not  liquefy  gelatine. 

In  cases  of  erysipelas  they  are  found  in  the  lymphatic  spaces  and 
vessels,  which  they  frequently  fill  out  so  as  to  form  a  kind  of 
injection  of  them.  They  do  not  extend  beyond  these  vessels,  but 
their  poisonous  products  not  only  produce  intense  local  inflammation, 
but,  passing  to  the  blood,  cause  fever  and  other  general  symptoms. 
The  bacteria  are  scarcely  at  all  present  in  the  inflamed  area,  but  are 
abundant  at  the  margins.  The  cocci  evidently  produce  their  toxine, 
and  subsequently  perish,  leaving  the  poison  behind. 

Erysipelas  is  producible  artificially  by  inoculation  of  cultures  of 
this  streptococcus.  The  most  convenient  experiment  is  to  inoculate 
the  ear  of  a  rabbit  ;  this  leads  to  an  acute  inflammation,  which 
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terminates  in  from  six  to  ten  days  without  suppuration.  Mice  are 
immune  to  this  microbe.  Fehleisen  has  successfully  practised  inocula- 
tions in  man  with  a  view  to  the  treatment  of  tumours. 

In  ordinary  cases  of  erysipelas  the  bacteria  are  usually  derived 
from  the  air,  but  may  be  conveyed  by  contact.  The  point  of 
entrance  is  probably  in  all  cases  a  wound,  but  it  may  be  a  very 
trivial  one. 

2.  Staphylococcus  pyogenes  aureus. — Micrococci  are  to  be  found 
virtually  in  all  abscesses  or  suppurations,  and  the  form  now  under 
consideration  is  the  most  important.  It  has  been  studied  by  many 
authors,  of  whom  Ogston,  who  suggested  the  term  staphylococcus 
(from  cTTcufivXr),  a  bunch  of  grapes),  and 
Rosenbach,  who  gave  the  full  name,  may  be 
mentioned. 

It  is  smaller  than  the  coccus  of  erysipelas, 
and  in  its  growth  tends  to  form  little  masses 
rather  than  chains  (Fig.  145).  It  is  not 
known  to  produce  sjoores,  but  it  is  peculiarly 
resistant  to  drying  and  heat.  It  may  be 
kept  dry  on  a  cover  glass  for  ten  da}7s  with- 
out losing  its  power,  and  it  requires  the 


Fig.  145.— Staphylococcus  pyogenes  aureus  from 
the  heart-lesion  in  a  case  of  malignant  endocar- 
ditis,   x  800. 


Fig.  146.— Culture  of 
Staphylococcus  pyogenes 
aureus  on  agar-agar  in  a 
test-tube.  The  growth 
has  a  yellow  colour. 


temperature  of  boiling  water  for  several  minutes  in  order  to  kill  it. 

It  grows  at  the  ordinary  temperature,  but  more  vigorously  at  higher 
degrees  (see  Fig.  1-1G).  It  grows  on  gelatine,  agar-agar,  and  potato, 
forming  in  all  of  them  bright  orange  coloured  masses,  which  have 
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been  aptly  compared  to  layers  of  red  oil  paint.  It  rapidly  liquefies 
gelatine  and  agar-agar. 

Suppurative  inflammations  have  been  frequently  produced  by  the 
artificial  application  of  this  bacterium.  G-arre  applied  it  to  his  own 
person,  once  to  a  fissure  at  the  finger-nail,  and  once  by  rubbing  into 
his  forearm.  In  the  former  case  he  produced  a  spreading  suppura- 
tion, and  in  the  latter  a  considerable  carbuncle,  which  took  weeks 
to  heal. 

The  relation  of  this  microbe  to  acute  infective  ostitis  and  to 
ulcerative  endocarditis  is  very  interesting.  If  large  quantities  of  the 
culture  be  injected  into  animals  they  will  die  of  poisoning  in  a  short 
time,  but  if  small  quantities  be  used  they  will  usually  recover.  How- 
ever, an  injury  to  the  valves  of  the  heart  on  the  one  hand,  or  to  a 
bone  on  the  other,  will  determine  the  settlement  of  the  cocci  in  one 
or  other  of  these  situations,  the  result  being  a  malignant  infective 
inflammation.  (See  under  Ulcerative  Endocarditis,  and  Suppurative 
Ostitis. ) . 

Abscesses  may  be  produced  in  animals  by  the  subcutaneous  in- 
jection of  cultures  of  this  microbe.  Acute  peritonitis  is  produced 
by  injection  into  the  abdomen,  and  acute  synovitis  by  injection  into 
the  joints. 

This  micrococcus  is  very  widely  distributed,  occurring  in  almost 
all  suppurations,  but  also  in  the  normal  saliva,  in  water,  and  air. 

All  open  wounds  are  exposed 
to  its  inroads,  and  it  will  de- 
pend somewhat  on  circumstances 
whether  it  penetrates  further 
inwards. 

3.  Staphylococcus  pyogenes 
albus  closely  resembles,  and  is 
probably  a  variety  of,  that  just 
described,  almost  the  only  differ- 
ence being  that,  when  growing, 
it  does  not  produce  a  yellow  pig- 
ment, but  instead,  a  thick  white 
layer  like  varnish.  It  is  less 
common  than  the  yellow  form, 

Fig.  14?.-  streptococcus  pyogenes  aii .us  from  a     anc|  apparently  less  malignant. 

case  of  septic  pleurisy,    x  950.  11  J  ° 

4.  Streptococcus  pyogenes 
albus  is  not  infrequently  found  in  pus  (Fig.  147),  either  alone  or 
in  conjunction  with  the  Staphylococcus  aureus.  In  all  its  characters 
it  closely  corresponds  with  the  streptococcus  of  erysipelas,  having  a 
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similar  mode  of  growth  on  nutrient  media, 
regarded  as  identical  with  it. 

5.  Bacillus  pyocyaneus  (Bacillus  of  blue  or  green  pus).  Surgeons 
sometimes  find  that  the  dressings  suddenly  assume  a  bright  green 
or  blue  colour,  which  may  occur  without  disturbing  the  process  of 
healing.  This  is  due  to  a  small  bacillus  which  has  found  access  to 
the  secretions  of  the  wound,  and  has  multiplied  there.  It  is  a 
slender  rod,  often  united  in  small  chains  of  four  to  six  cells.  It 
has  very  lively  movements  ;  no  formation  of  spores  has  been  observed. 
It  has  been  cultivated  in  various  nutrient  media,  the  culture  usually 
giving  a  greenish  colour.  The  pigment  has  been  extracted  by  chloro- 
form, and  separated  as  long  needles.  It  has  been  observed  also  in 
the  pus  of  cases  in  which  the  dressings  have  been  stained.  This 
pigment  is  named  by  Gessard  pyocyanin.  This  form  of  bacterium 
produces  in  certain  animals,  especially  rabbits  and  guinea-pigs,  sup- 
purative inflammation.    In  man  it  is  not  definitely  pathogenic. 

6.  Micrococcus  gonorrhoeae,  Gonococcus. — This  form,  discovered  by 
Neisser,  is  now  acknowledged  to  be  the  active  agent  in  the  causation 
of  gonorrhoea.  It  is  a  large  micrococcus,  which  is  generally  found 
united  in  twos  (diplococcus),  the 
two  surfaces  facing  each  other 
being  usually  concave. 

The  gonococcus  is  not  to  be  detected 
by  Gram's  method,  as  the  iodine  de- 
colorizes it.  It  may  be  stained  by  the 
ordinary  aniline  dyes,  but  it  is  best 
demonstrated  as  follows  : — A  cover 
glass  which  has  been  smeared  with 
the  pus  is  placed  for  a  few  minutes  in 
a  concentrated  alcoholic  solution  of 
eosine  (best  with  slight  heating). 
The  eosine  is  then  removed  with 
blotting  paper  and  the  preparation 
treated  for  a  very  short  time  (about 
a  quarter  of  a  minute)  with  a  concen- 
trated alcoholic  solution  of  methyl - 
blue,  and  then  washed  in  water.  The 
cocci  are  now  seen  to  be  blue,  whilst 
those  enclosed  in  pus  corpuscles  have  a  red  background,  as  the  pus  corpuscles 
take  up  the  eosine. 

The  principal  peculiarity  of  the  gonococcus  is  that  it  is  found  in 
the  substance  of  the  pus  cells  (Fig.  148),  often  filling  the  protoplasm 
but  leaving  the  nucleus  free.  It  is  exceedingly  difficult  to  cultivate, 
success  having  been  obtained  by  the  use  of  human  blood  serum,  and 


Fig.  148. — Gonococcus.  Two  pus  corpuscles  are 
seen  whose  protoplasm  is  filled  with  diplococci. 
The  nuclei  are  at  one  side.  From  a  case  of 
gonorrhoea!  ophthalmia,    x  S00. 
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other  media,  but  the  growth  has  been  comparatively  slight.  The 
identity  of  the  coccus  and  its  connection  with  gonorrhoea  was  proved 
by  Bumm,  who  inoculated  a  culture  of  the  third  generation  in  the 
female  urethra,  and  produced  a  typical  gonorrhoea  in  three  days.  In 
certain  animals,  especially  in  white  mice  and  guinea-pigs,  inoculation 
of  the  abdominal  cavity  produces  a  suppurative  peritonitis. 

7.  Bacillus  coli  communis. — This  bacillus  is  constantly  present  in 
the  colon  of  man  and  frequently  in  the  faeces.  It  is  also  sometimes 
present  in  the  vagina  and  uterus,  and  may  be  the  cause  of  peritonitis 
by  extension  from  these  organs,  as  in  cases  of  puerperal  fever  and  of 
Caesarian  section.  It  is  a  short  rod,  closely  resembling  the  bacillus 
of  typhoid  fever,  and  it  possesses  powers  of  movement  due  to  cilia 
which  are  sometimes  single,  and  sometimes  multiple.  They  are 
situated  at  the  sides  of  the  bacilli.  It  grows  on  the  usual  culture 
media  in  the  presence  of  oxygen. 

This  bacillus  is  obviously  non-pathogenic  in  the  intestinal  canalr 
but  it  is  highly  pathogenic  in  the  peritoneum.  It  has  been  found  as 
a  pure  culture  in  peritonitis  resulting  from  perforation  of  the  intestine. 
Inoculation  of  cultures  into  the  peritoneum  of  rabbits  produces  an 
acute  peritonitis.  The  disease  is  much  more  severe  when  cultures 
have  been  made  from  the  peritoneal  exudation  in  cases  of  perforation 
of  the  intestine  in  man,  than  from  the  contents  of  the  intestine. 
Similar  intensified  cultures  are  obtainable  from  the  intestine  of  animals 
by  artificially  obstructing  the  intestine. 

8.  Bacteria  of  Pneumonia.  —Pneumonia  is  caused  by  virulent 
pathogenic  bacteria,  but  the  same  microbe  is  not  always  the  infective 
agent.  In  some  cases  of  secondary  pneumonia,  the  ordinary  pyogenic 
micrococci  have  been  found,  but  in  proper  primary  cases  one  or 
other  of  two  distinct  forms  can  in  the  great  majority  of  cases  be 
detected.  These  are  the  Diplococcus  of  Fraenkel,  and  the  Pneumo- 
coccus  of  Friedlander.  Weichselbaum  found,  in  83  cases,  the  former 
54,  and  the  latter  6  times. 

(a)  Diplococcus  pneumoniae.  Capsule-coccus. — This  microbe,  whose 
pathogenic  characters  were  first  distinguished  by  Fraenkel,  has,  apart 
from  pneumonia,  pathogenic  relations  extending  widely.  It  is  not 
only  the  prevalent  microbe  in  pneumonia,  but  it  has  been  frequently 
observed  as  the  infective  agent  in  acute  lepto-meningitis,  whether 
the  epidemic,  sporadic,  or  traumatic  form,  also  occasionally  in 
ulcerative  endocarditis,  in  acute  nephritis,  and  in  acute  synovitis 
affecting  several  joints. 

The  form  is  a  slightly  elongated  coccus,  generally  two  united 
together  (Diplococcus),  and  sometimes  in  longer  chains.    When  found 
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Fig.  149.  --  Capsule-coccus 
case  of  leptomeningitis. 


from  exudation  in 
1150. 


The' 


in  the  animal  body  it  is  surrounded  by  a  capsule  (see  Fig.  149),  but 
in  cultures  it  loses  this.  It  is  readily  stained  by  ordinary  aniline 
dyes,  and  when  so  treated  the 
capsule  appears  faintly  coloured 
around  the  microbe.  The  mi- 
crobe stains  by  Gram's  method, 
but  the  capsule  is  rendered  in- 
visible. It  is  readily  cultivated 
on  nutrient  media,  but  requires 
a  temperature  over  22°  C,  and 
grows  best  at  35°.  The  cultures 
lose  their  virulence  and  readily 
die. 

The  microbe  is  highly  virulent 
in  rabbits,  and  less  so  in  mice 
and  guinea-pigs.  If  cultures  be 
used  for  injection  under  the  skin 
of  a  rabbit,  an  acute  febrile  dis- 
ease is  produced,  of  which  the  animal  dies  in  one  or  two  days 
capsule  coccus  is  found  in  enormous  numbers  in  the  blood. 

Immunity  has  been  produced  in  rabbits  in  various  ways,  as  by 
injection  of  the  toxines,  and  the  blood  serum  is  stated  to  confer 
immunity  on  other  animals.  The  blood  serum  of  patients  who  have 
recovered  from  pneumonia  is  also  said  to  confer  immunity  on  rabbits. 

An  exceedingly  interesting  fact  is  that  the  Sputum  of  healthy 
persons  frequently  contains  the  capsule-coccus.  The  secretion  of 
the  mouth  in  such  persons  when  inoculated  subcutaneously  in  rabbits 
produces  the  regular  form  of  disease  (Sputum-septicaemia). 

(b)  Bacillus  pneumonias.  Friedlander's  Pneumococcus. — This  some- 
what resembles  the  former,  but  is  longer,  and  hence  is  a  bacillus. 
It  also  possesses  a  capsule,  but  only  when  obtained  in  the  living- 
body.  It  is  non-motile.  It  grows  on  the  Ordinary  culture  media, 
and  does  not  require  a  temperature  above  that  of  the  ordinary  room. 
In  this  respect  it  differs  from  the  diplococcus,  as  well  as  in  the 
fact  that  it  does  not  stain  by  Gram's  method. 

It  is  not  pathogenic  in  rabbits,  forming  thus  a  striking  contrast 
to  the  capsule-coccus.  It.  is  pathogenic  in  mice  and  dogs,  less  so  in 
guinea-pigs. 

9.  Bacillus  of  Rhino-scleroma. — This  bacillus  is  found  in  the 
tubercles  of  the  skin  characteristic  of  the  disease  named.  It  closely 
resembles  the  bacillus  pneumoniae  of  Friedlander,  and  like  it  possesses 
a  capsule.     The  principal  difference  is  that  when  Gram's  method 
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of  staining  is  used  the  bacillus  of  rhino-scleroma  retains  some  colour, 
whilst  that  of  the  pneumonia  loses  it  entirely. 

In  its  appearance  in  cultures  and  pathogenic  relations  to  animals, 
it  is  virtually  identical  with  the  bacillus  of  pneumonia,  and  it  is 
probably  at  most  a  variety  of  the  latter. 

Literature. — Fehleisen,  On  erysipelas  (Syd.  Soc.  transl.),  1886  ;  Ogston,  Brit] 
Med.  Jour.,  i.,  1881 ;  Rosenbach,  Mikroorganismen  der  Wundinfectionskrankheiten,i 
1884  ;  Gessard,  De  la  pyocyanie  et  de  son  microbe,  1882,  and  Ann.  de  l'lnstittitl 
Pasteur,  v.,  1891;  Neisser,  Deutsch.  Med.  Wochenschr.,  1882;  Bujim,  Mikroorg. 
d.  Gonorrhoe.,  1885;  Friedlander  Fortschr.  d.  Med.,  1884;  Fraenkel,  Deutsch. 
Med.  Wochenschr.,  1886  ;  Frisch  (Ehino-scleroma),  Wien.  Med.  Wochenschr.,  1882. 


B.—  MICROBES  OF  ACUTE  SPECIFIC  DISEASES,  MOSTLY  FEBRILE. 

1.  Bacillus  anthracis. — This  is  one  of  the  best  known  and  most 
widely  diffused  pathogenic  forms,  occurring,  as  it  does,  both  as  a 
saprophyte  and  a  parasite.  As  a  parasite  it  gives  rise  to  the  conditions 
variously  known  as  Splenic  fever,  Anthrax,  Charbon,  Malignant 
pustule,  and  Wool-sorter's  disease,  and  it  is  sometimes  described 
under  the  name  Bacteride  du  charbon.  It  mostly  occurs  in  animals, 
but  is  occasionally  communicated  to  man. 

The  bacteria  are  rods  of  considerable  size,  generally  united  end  to 
end  so  as  to  form  longer  threads.  Each  bacillus  is  about  as  long  as 
the  diameter  of  a  red  blood-corpuscle..  As  seen  in  the  blood  the 
■extremities  of  the  bacilli  are  abrupt,  and  even  slightly  concave,  so 

that  when  two  are  united  there 
is  an  oval  space  which  is  very 
characteristic.    (See  Fig.  150.) 

The  bacillus  is  capable  of  living 
on  so  many  different  media  and 
at  such  different  temperatures 
that  its  saprophytic  forms  are  of 
great  importance.  It  may  be 
cultivated  in  many  different  nu- 

Fig.  150. -Bacillus  of  anthrax  (b),  and  of  the    friPT1f    T11P(lio     nntripnt  o-platinp 

■septicaemia  of  mice  (a),   x  too.  (Koch.)  cnent  meaia,  nutnent  gelatine, 

agar-agar,  potato,  etc.  It  grows 
readily  in  neutralized  or  weakly  alkaline  urine,  and  in  infusions  of 
.animal  substances  in  general.  On  potato  it  grows  very  vigorously, 
forming  a  dry  yellowish  creamy  layer. 

In  the  animal  body  it  only  occurs  in  the  form  of  the  bacilli,  which 
are  either  single  or  form  short  threads  of  two  or  three.  When 
grown  on  the  surface  of  nutrient  media  so  as  to  be  exposed  to  the 
oxygen  of  the  air,  the  bacilli  grow  out  into  long*  threads,  which  at 
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first  sight  appear  to  be  continuous,  but  when  properly  displayed 
are  seen  to  be  composed  of  individual  bacilli.  The  threads  form 
parallel  groups  or  more  tangled  and  matted  masses.  In  these 
threads  the  formation  of  spores  occurs  when  the  circumstances  are 
favourable.  This  requires  the  free  access  of  oxygen,  and  a  tempera- 
ture between  18°  and  40°  C,  while  that  between  20°  and  25°  gives 
the  best  results.  The  spore  lies  in  the  middle  of  the  bacillus  as  a 
glancing  refractive  body.  The  bacillus  by  and  by  disappears,  leaving 
the  spore  free.  The  spores  contrast  with  the  bacilli  in  being  very 
permanent,  as  they  resist  drying  and  decomposition.  Pieces  of  silk 
thread  impregnated  with  spores  from  a  culture  on  potato  may  be 
kept  for  3^ears  perfectly  capable  of  germination. 

The  anthrax  bacillus  requires  careful  staining,  but  if  due  care  be  taken  a  watery 
solution  of  almost  any  aniline  dye  may  be  made  to  serve,  or  Gram's  method 
may  be  used  for  double  staining.  The  spores  are  more  difficult  to  stain.  If 
a  cover-glass  preparation  be  first  made  then  it  may  be  floated  for  about  twenty 
minutes  on  the  surface  of  a  hot  alcoholic  solution  of  fuchsine,  decolorized  in 
weak  hydrochloric  acid  and  again  stained  with  methyl-blue.  The  bacilli  are 
stained  blue  and  the  spores  red. 

The  anthrax  bacillus  is  capable  of  transmission  to  a  large  number 
of  animals,  although  considerable  differences  of  susceptibility  exist. 
Mice  are  the  most  readily  infected,  and  next  to  them  stand  guinea- 
pigs,  rabbits,  sheep,  and  cattle.  Rats  are  with  difficulty  affected,  and 
dogs,  birds,  and  frogs,  are  scarcely  susceptible.  Frogs  may  be  affected 
if  after  inoculation  they  are  kept  for  a  few  days  at  the  temperature 
of  the  brood-oven.  Men  are  susceptible,  but  there  is  not  infrequently 
after  inoculation  a  local  disease  (malignant  pustule),  the  bacilli  being 
present  in  the  exudation  of  the  pustule. 

The  disease  may  be  induced  experimentally  either  by  inoculation  into  the  skin 
or  mucous  membranes  or  by  introduction  into  the  alimentary  canal.  For  in- 
oculation, the  blood  of  an  animal  which  has  died  of  anthrax  or  an  artificial 
culture  may  be  used.  In  the  case  of  the  alimentary  canal,  cultures  containing 
spores  must  be  used,  as  the  bacilli  are  destroyed  by  the  gastric  juice.  When 
an  animal  is  infected  it  shows  the  symptoms  of  an  acute  specific  fever,  which 
usually  proves  fatal  in  a  few  days.  The  bacilli  are  found  in  enormous  numbers 
in  the  blood,  and  as  a  rule  they  are  found  only  inside  the  blood-vessels.  So 
abundant  are  they  in  some  cases  that  a  preparation  stained  in  the  proper  way 
so  as  to  render  the  bacilli  prominent  appears  as  if  the  vessels  were  injected  with 
a  coloured  material.  (See  Figs.  151  and  152.)  It  is  chiefly  in  the  capillaries 
that  they  are  to  be  found,  and  they  are  most  readily  observed  in  the  spleen, 
the  villi  of  the  intestine,  and  the  glomeruli  of  the  kidney.  In  the  latter  situation 
there  is  not  infrequently  rupture  of  the  glomeruli  and  the  passage  of  blood  and 
bacilli  into  the  uriniferous  tubules. 

Y 
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Spontaneous  infection  with  anthrax  occurs  in  animals  mostly  with  their  food.  It 
originates  chiefly  in  cattle  and  sheep,  and  they  acquire  it  in  grazing.  There  are 
certain  parts  of  the  country  where  the  disease  is  endemic,  the  grass  appaiOn-tlp 
containing  the  microbe.     As  this  infection  is  by  the  alimentary  canal  it  is 


Fig.  151. — Villus  of  intestine  in  anthrax,  the  bacilli  visible  as  minute  threads. 
X  250.  (Koch.) 

■ 

necessary  that  spores  should  be  present.  The  bacillus  grows  on  many  sorts  of 
vegetable  and  animal  matter  on  which  it  may  be  planted  by  the  blood  or  discharges 
of  infected  animals.  Hence  the  bodies  of  such  animals  should,  where  possible,  be 
buried  without  opening,  and  at  any  rate,  precautions  taken  against  contaminating 
the  ground  with  blood  or  tissues. 

In  man  the  disease  has  mostly  been  communicated  by  handling  j 
the  tissues  of  animals  which  have  been  affected.    Sometimes  spore- 
formation  will  occur  in  such   tissues,    the  bacilli  growing  on  the  ;l 
tissue  when  exposed  to  the  air,  and  producing  spores.    Hence  spores  i 
may  adhere  to  hair,  wool,  or  other  material,  and  be  conveyed  long  j 
distances.     Most  cases  in  man  have  occurred  amongst  workers  in 
hair  or  wool,  hence  the  name  of  Wool-sorter's  disease.     In  several 
cases  occurring  in  Glasgow  the  hair  had  come  from  Kussia. 

When  inoculation  occurs  by  a  scratch  or  wound  of  the  skin  in  f 
man,  or  by  the  pricking  of  insects  which  have  been  in  contact  with 
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the  blood  of  an  affected  animal,  a  local  disease  results,  the  Malignant 
Pustule.  A  small  elevated  boil  forms  of  a  red  or  yellow  colour,  which 
soon  acquires  a  crust.  The  pustule  has  the  usual  characters  of  an 
acute  inflammation,  the  cutis 
being  infiltrated  with  leuco- 
cytes. There  are  numerous 
bacilli  in  the  superficial  layers 
of  the  cutis.  There  may  be 
around  the  pustule  much 
oedematous  swelling.  The  in- 
fection sometimes  passes  on 
to  the  blood  and  produces 
the  regular  splenic  fever. 

In  the  Intestinal  canal 
local  lesions  are  produced 
similar  to  those  of  the  skin. 
They  are  seated  mostly  in 
the  .  small  intestine,  and  rarely 
in  the  stomach  or  colon.  It 
is  also  stated  (by  Eppinger 
and  Paltauf)  that  infection 
occurs  by  the  lungs  from 
inhalation  of  spores.  This 
has  been  observed  amongst 
rag-pickers  in  paper  works, 
the.,  disease  manifesting  itself 
as  an  acute  inflammation,  affecting  bronchi,  lungs,  and  pleura.  There 
are  sometimes  necrotic  areas  in  the  bronchi. 

Attenuation  of  the  virus  was  first  attempted  by  Pasteur,  and 
was  attended  by  very  striking  results.  By  cultivating  the  bacillus 
at  a  temperature  of  42°-43°  C.  for  about  twenty-four  days,  the 
infective  power  is  destroyed,  w^hile  a  shorter  period  suffices  to  weaken 
it.  By  this  means  a  permanent  Vaccine  is  procurable.  Immunity 
has  also  been  procured  by  using  a  toxalbumin  separated  from  anthrax 
cultures,  and  also,  according  to  Wooldridge,  by  using  a  form  of 
fibrinogen  obtained  from  the  normal  blood. 

When  animals  are  vaccinated  with  the  attenuated  virus  they  have 
^a  mild  form  of  the  disease  and  acquire  a  certain  degree  of  im- 
I  munity  to  the  more  severe  forms.  The  practical  importance  of 
this  fact  is  seriously  diminished  because  the  immunity  appears  to 
jbe  only  from  infection  by  inoculation,  and  does  not  extend  to 
[infection  by  taking  the  spores  into  the  alimentary  canal.    The  latter 


Fig.  152.—  From  same  preparation  as  Fig.  151,  more 
highly  magnified.  The  bacilli  visible  as  definite  rods, 
x  700.  (Koch.) 
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is,  moreover,  the  most  frequent  mode  of  infection  in  spontaneous 
anthrax. 

2.  Bacillus  of  Rauschbrand  (symptomatic  anthrax). — This  is  found 
in  certain  cases  of  disease  in  cattle,  having  a  rapid  course  and  nearly 
always  a  fatal  issue.  The  disease  has  several  names,  such  as  "  Black- 
leg," "Quarter  evil,"  and,  in  Germany,  "Rauschbrand." 

The  bacilli  are  thickish  rods,  which  are  mostly  single.  They 
have  lively  motion  by  means  of  numerous  cilia.  The  bacillus  grows 
readily  on  ordinary  media,  but  it  is  strictly  anaerobic.  It  produces 
spores  which  are  thicker  than  the  bacillus  and  lie  nearer  one  end 
than  the  other,  so  that  a  somewhat  club-shaped  form  is  produced. 

The  bacillus  is  pathogenic  in  cattle,  sheep,  goats,  and  guinea-pigs. 
No  case  has  been  observed  in  the  human  subject.  Guinea-pigs,  sheep, 
and  cattle,  have  been  rendered  immune  by  inoculation  of  a  virus  of 
diminished  intensity. 

3.  Bacillus  of  malignant  oedema. — This  is  a  bacillus  somewhat 

similar  in  size  to  the 
bacillus  anthracis,  and  it 
is  also  identical  with 
Pasteur's  "  vibrions  sep- 
tiques  "  which  he  found 
in  his  "  septicemic" 
(See  Fig.  152.) 

Malignant  oedema  has 
been  observed  in  man 
in  consequence  of  severe 
wounds,  compound  frac- 
tures, etc.  There  is  a 
cutaneous  emphysema, 
decomposition,  and 
(edematous  swelling  of 
the  superficial  muscles, 
and  death  generally  re- 
sults in  a  few  days. 
The  parts  have  been 
infected  with  the  bacil- 
lus under  consideration.  The  author  met  with  bacilli  closely  resem- 
bling this  form  in  a  case  of  cancrum  oris. 

The  bacillus  is  a  slender  rod,  somewhat  thinner  than  the  anthrax 
bacillus  and  with  rounded  ends.  It  tends  to  grow  into  long  threads 
even  in  the  body,  and  it  is  slightly  motile  by  means  of  cilia.  The 
bacilli  are  strictly  anaerobic,  so  that  they  can  only  be  cultivated 


Fig.  153.— Bacillus  of  malignant  oedema  in  muscle  of 
guinea-pig.  It  is  forming  longer  and  shorter  threads  be- 
tween the  muscular  cylinders,  whose  transverse  striation 
is  shown.  x950. 
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by  taking  precautions  to  exclude  the  oxygen  of  the  air,  as  in  an 
atmosphere  of  hydrogen,  or  by  a  stab-culture  deeply  into  a  solid 
culture-medium.  In  growing  the  bacillus  evolves  gas  and  produces 
a  putrid  odour.  It  bears  spores  in  the  middle  of  the  rods.  The 
source  of  the  bacilli  in  experimental  observations  is  various  kinds  of 
decomposing  matters,  dust,  garden  earth,  etc.,  and  they  are  evidently 
widely  dispersed. 

The  bacilli  produce  disease  when  inoculated  in  mice,  guinea-pigs, 
rabbits,  etc.,  and  this  occurs  whether  their  source  be  such  external 
matters  as  garden  earth,  or  pure  cultivations.  Death  usually  results 
in  twenty-four  to  forty-eight  hours.  Around  the  point  of  inoculation 
the  subcutaneous  tissue  and  superficial  muscles  are  infiltrated  with 
a  dirty  red  stinking  fluid  in  which  are  bubbles  of  gas.  The  bacilli 
are  found  in  the  cedematous  fluid ;  none  are  visible  in  the  blood. 
The  bacilli,  in  fact,  remain  in  the  subcutaneous  tissue,  and  on  the 
surface  of  organs,  not  penetrating  into  the  parenchyma  and  not 
extending  to  the  blood-vessels.  It  is  to  be  added  that  they  grow 
vigorously  after  death,  penetrating  into  the  substance  of  organs  and 
into  the  vessels.  In  the  mouse  the  bacilli  penetrate  more  markedly 
during  life  into  tissues  and  blood-vessels,  and  the  appearances  approach 
to  those  of  anthrax. 

4.  Bacillus  of  typhoid  fever. — Eberth,  and  after  him  several  other 
authors,  have,  in  cases  of  typhoid  fever,  observed,  in  the  closed 
follicles  of  the  intestines,  and 
in  the  lymphatic  glands  and 
spleen,  bacilli  which  were  dis- 
tinguished by  their  peculiar 
arrangement  and  defective  re- 
action to  aniline  dyes.  G-affky 
has  followed  out  the  investigation 
and  given  a  complete  account  of 
this  form. 

The  bacteria  are  small  rods 
with  rounded  ends  (see  Fig.  154) 
which  are  usually  single  or  in 
pairs  in  the  tissues,  but  may 
grow  into  longer  threads.  They 
possess  very  active  motility, 
produced  by  means  of  numerous 
cilia,  which  are  situated  not  only  at  the  ends  but  on  the  sides  of 
the  bacilli.     Gaffky  has  described  appearances  which  are  probably 

The  bacilli  grow  on  various  nutrient 


Fig.  154. — Bacillus  of  typhoid  fever  from  a 
culture,    x  1000. 


those  of  spore-formation. 
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media,  but  especially  on  potato.  They  form  on  potato  a  layer, 
which  to  the  naked  eye  scarcely  differs  from  the  surface  of  the 
potato,  but  a  small  portion  is  seen  under  the  microscope  to  pre- 
sent vast  numbers  of  the  active  bacteria.  This  growth  on  potato 
is  very  characteristic,  and,  occurring  as  it  does  at  the  Ordinary 
temperature,  is  very  important  as  showing  that  these  bacteria 
are  not  obligate  parasites,  but  that  they  can  grow  outside  the  body. 
It  has  also  been  shown  that  they  grow  vigorously  in  milk  (Wolffhiigel), 
and  that  they  may  be  preserved  and  even  grow  in  water. 

The  typhoid  bacillus  is  difficult  to  stain,  giving  almost  no  colour  with  watery 
solutions  of  ordinary  aniline  dyes.  With  Loeffler's  alkaline  methyl-blue,  and  with 
Ziehl's  carbolic  acid  and  fuchsine  solution,  they  are  readily  stained.  Sections 
should  be  left  twenty-four  hours  in  the  solutions.  The  preparations  should  be 
washed  with  water  and  not  with  alcohol. 

The  bacilli  have  not  been  unequivocally  inoculated  in  animals,  but 
the  toxines  from  cultures  have  been  found  to  produce  symptoms, 
whether  with  or  without  the  bacilli. 

In  man  the  bacilli  have  been  found  in  the  intestinal  contents,  in 
the  closed  follicles  of  the  intestine,  the  lymphatic  glands,  and  the 
spleen,  but  only  to  a  slight  extent  in  the  blood.  In  the  tissues 
mentioned  they  grow  in  little  masses  with  intervals  between.  They 
are  not  found  in  every  case,  diminishing  apparently  as  the  disease 
advances.  Hence  they  are  uniformly  met  with  in  recent  cases,  in 
which  numerous  clumps  of  bacilli  will  be  found  in  the  swollen 
Peyer's  patches  and  glands. 

In  later  cases,  where  ulceration  has  occurred,  they  will  be  found 
in  the  deeper  layers  of  the  patches,  in  the  mucous  membrane  and 
muscular  coat  beneath  the  ulcer. 

As  the  bacilli  extend  to  the  blood,  it  may  be  that  the  general 
symptoms  of  typhoid  fever  are  due  to  this ;  but,  as  the  extension  is 
apparently  not  great,  it  is  more  probable  that  the  bacilli  form  a 
poison  in  the  intestine,  glands,  and  spleen,  which,  reaching  the  blood, 
produces  these  symptoms. 

The  propagation  of  typhoid  fever  occurs  by  multiplication  of  the 
bacilli  outside  the  body  and  their  subsequent  ingestion.  There  are 
abundant  bacilli  in  the  faeces  of  the  patients,  and  they  have  been 
detected  in  the  albuminous  urine  in  severe  cases.  Considering  how 
readily  they  propagate  in  milk  and  other  media  outside  the  body, 
it  is  not  difficult  to  understand  how  they  should  frequently  infect 
the  ingesba  and  produce  the  disease  in  man.  There  are  many 
epidemics  which  have  been  traced  to  contaminated  milk. 
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Fig.  155. — Blood  from  case  of  relapsing 
fever,  showing  corpuscles  and  spirillum 
Obermeieri.    x  750.  (Carter.) 


5.  Spirillum  of  relapsing  fever,  Spirillum  Obermeieri. — This  form 
is  an  active  spiral  microbe  which  is  found  abundantly  in  the  blood 
of  persons  affected  with  relapsing  fever.  (See  Fig.  155.)  It  is  present 
only  during  the  acute  attacks,  disap- 
pearing in  the  interval,  to  return  when 
the  relapse  occurs.  It  is  readily 
stained  by  ordinary  watery  solutions 
of  the  aniline  dyes  but  not  by  Gram's 
method.  The  disease  has  been  com- 
municated to  man  and  to  apes  by  the 
inoculation  of  blood  containing  the 
spirilla.  The  spirillum  is  found  only 
in  the  blood,  and  Koch  has  observed 
it  in  the  blood  of  the  brain,  liver,  and 
kidneys  of  an  ape  which  was  killed 
during  the  attack. 

These  spirilla  have  not  been  cultivated  artificially. 

6.  Bacillus  of  Diphtheria,  Loefiler's  bacillus. — This  form  is  of  great 
importance  in  view  of  the  fulness  of  our  knowledge  regarding  it,  of 
its  practical  consequence  as  the  causative  agent  in  a  widely  spread 
disease,  and  of  the  recently  devised  methods  of  treatment  by  blood 
serum. 

The  bacillus  is  a  rod  about  the  same  length  as  the  tubercle 
bacillus  but  about  twice  as 
broad.  It  is  usually  slightly 
thicker  at  one  end  than  the 
other  (Fig.  156).  It  is  stained 
by  watery  solutions  of  the  ordi- 
nary aniline  dyes,  but  especially 
by  Loeffler's  methyl-blue.  It  is 
not  motile.  It  grows  with  great 
rapidity  in  ordinary  culture 
media,  but  especially  in  a  special 
preparation  of  blood  serum,  or 
in  glycerine  agar.  It  grows  in 
milk  and  in  sterilized  urine.  A 
temperature  between  20°  and 
42°  0.  is  required. 

The  bacillus  is  found  in  the 
exudation  in  all  cases  of  true  diphtheria,  and  it  can  be  so  readily 
cultivated  and  recognized  that  its  presence  is  used  for  diagnostic 
purposes.     It  may  linger  about  the  parts  after  the  attack  is  over, 


Fig.  156. — Bacilli  of  diphtheria  from  a  culture, 
x  950. 
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thus  constituting  a  prolonged  danger  of  infection.  It  is  associated 
in  some  cases  with  the  Streptococcus  and  Staphylococcus  pyogenes 

so  as  to  produce  a  Mixed  infection.  Such  cases  are  peculiarly 
frequent  in  young  children  and  are  very  severe,  the  disease  tending 
to  spread  downwards  to  the  lungs  (Koux  and  Yersin).  In  scarlet 
fever  the  throat  condition,  which  resembles  that  in  diphtheria,  is 
due  to  the  streptococcus  alone.  The  bacillus  is  pathogenic  in  many 
animals,  especially  guinea-pigs,  sheep,  goats,  dogs,  and  many  others. 
Horses  are  somewhat  tolerant  of  the  cultures.  Inoculation  in  the 
trachea,  vagina,  etc.,  of  guinea-pigs  produces  local  phenomena  similar 
to  those  observed  in  man.  There  are  also  the  general  toxic  symp- 
toms, and  in  prolonged  cases  the  paralyses  such  as  are  met  with  in 
patients. 

The  growth  of  the  bacillus  is  entirely  local,  but  its  toxine  passing 
into  the  blood  is  the  cause  of  the  more  serious  symptoms  of  diph- 
theria. The  toxine  is  also  produced  in  artificial  cultures  and  the 
general  symptoms  are  present  in  animals  to  whom  it  has  been 
administered. 

Immunity  is  producible  in  animals  by  the  graduated  administra- 
tion of  increasing  doses  of  the  cultures  or  of  the  toxine  free  from 
the  microbes.  The  cultures  themselves  may  be  used  in  the  horse, 
which  is  less  susceptible  than  some  other  animals.  The  blood  serum 
of  immunized  animals  is  effective  in  protecting  susceptible  animals 
by  means  of  the  antitoxine  which  it  contains.  The  serum  is  tested 
on  susceptible  animals,  as  the  guinea-pig  and  rabbit,  so  as  to  deter- 
mine the  degree  of  its  efficiency. 

The  mouth  and  pharynx  of  healthy  persons  not  infrequently  con- 
tain a  bacillus  which  resembles  that  of  diphtheria  but  is  not 
virulent. 

7.  Bacillus  of  Tetanus. — Tetanus  has  been  suspected  to  be  an 
infective  disease  by  many  (see  former  editions  of  this  work).  The 
demonstration  and  full  elucidation  of  its  nature  have  been  effected  of 
late  years.  The  tetanus  bacillus  is  a  stiff  rod.  Under  certain 
circumstances  it  produces  spores,  and  these  are  peculiarly  situated 
at  the  ends  of  the  rods  so  that  there  is  the  appearance  of  a  drum- 
stick. The  spores  are  very  resistant,  even  to  considerable  heat.  The 
bacillus  is  readily  stained  by  the  ordinary  dyes  and  also  by  Gram's 
method. 

The  bacillus  or  spores  are  present  in  earth,  dust,  and  sometimes 
in  the  fseces  of  animals.  It  grows  in  the  ordinary  culture  media 
but  is  strictly  anaerobic.  The  cultures  present  fine  woolly-looking 
prolongations.    They  emit  a  peculiar  odour.    In  the  cultures  the 
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virulent  |toxine  is  produced,  and  the  symptoms  of  tetanus  are  pro- 
ducible by  injection  of  it  free  from  bacilli.  The  nature  of  the 
toxine  is  not  definitely  known.    It  is  destroyed  by  heat. 

The  microbe  grows  locally  but  produces  little  local  disturbance,  at 
most  some  hyperemia  but  no  suppuration.  It  does  not  propagate 
in  the  blood.  The  symptoms  are  produced  by  the  absorption  of  the 
toxine  into  the  blood.  It  is  highly  pathogenic  in  the  horse  and 
guinea-pig,  and  in  diminishing  ratio  in  the  mouse,  rabbit,  rat,  etc. 
Fowls  seem  to  be  immune. 

An  interesting  peculiarity  is  that  pure  cultures  when  washed  so 
as  to  free  them  from  the  toxine  nutrient  material  are  not  infective. 
In  order  to  its  growth  in  the  tissues  the  microbe  requires  either 
some  foreign  matter  which  will  act  on  the  tissue,  such  as  lactic 
acid,  or  the  company  of  some  other  microbe  which  will  assist  it  in 
combating  the  tissues.  In  actual  cases  in  man  the  wound  which 
leads  to  tetanus  contains  foreign  matter  and  microbes,  and  usually 
suppurates,  but  not  from  the  action  of  the  tetanus  bacillus. 

Immunity  is  produced  artificially  in  animals  and  the  serum  of 
immunized  animals  contains  an  antitoxine  which  protects  other  animals 
from  the  action  of  the  toxine  (see  ante,  p.  327). 

8.  Bacillus  of  Influenza. — In  cases  of  epidemic  influenza  the  microbe 
is  found  in  the  mucus  discharged,  and  it  is  more  pure  the  further 
down  the  bronchial  tree  the  discharge  has  been  produced.  In  cases 
of  death  pure  cultures  have  been  found  in  the  fine  bronchi.  In  the 
febrile  stage  the  bacilli  are  mostly  free,  but  during  convalescence 
they  are  chiefly  in  the  substarrce  of  leucocytes. 

It  is  a  very  small  thin  rod,  non-motile.  It  is  stained  by  the 
ordinary  dyes  but  not  by  Gram's  method. 

Cultures  are  made  in  glycerine  agar,  on  which  it  forms  small 
transparent  drop-like  colonies  in  about  twenty-four  hours.  The  cul- 
tures require  a  temperature  of  26°  C.  to  42c. 

Animals  are  mostly  refractory  to  the  bacillus,  but  monkeys  have 
been  found  susceptible,  when  cultures  have  been  injected  into  the 
trachea.  The  toxine  produces  marked  symptoms  of  poisoning  in  the 
rabbit. 

9.  Bacillus  of  bubonic  plague. — The  plague  used  to  occur  in 
gigantic  epidemics  in  Europe,  but  has  been  banished  for  many  years, 
the  last  occurrence  being  an  epidemic  in  Marseilles  in  1720.  It  has 
recently  appeared  in  Hong-Kong  and  has  shown  all  its  old  virulence. 
The  mortality  is  stated  at  95  per  cent.  The  disease  is  characterized 
by  the  appearance  of  lymphatic  glandular  swelling,  usually  single  and 
mostly  in  the  groin.     This  bubo  grows  quickly  and  the  patient 
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generally  dies  in  two  or  three  days.  During  the  epidemic  rats  and 
mice  are  affected  and  die  in  large  numbers. 

A  short  bacillus  with  rounded  ends,  which  stains  at  the  two  ends, 
leaving  a  clear  middle  part  (like  the  bacillus  of  septicaemia  hemor- 
rhagica) has  been  found  in  the  pulp  of  the  bubo.  It  is  readily 
stained  by  the  ordinary  aniline  dyes  but  not  by  Gram's  method. 
Sometimes  the  bacillus  has  a  capsule.  It  is  also  present  in  the  blood, 
but  in  much  smaller  quantities.  Cultures  have  been  made  on  agar- 
agar,  bouillon,  gelatine,  etc.  Inoculated  in  guinea-pigs,  rats,  and 
mice,  it  kills  in  a  few  days,  and  the  bacilli  are  found  in  the  lymphatic 
glands  and  in  the  blood. 

10.  Bacillus  of  Asiatic  cholera,  Koch's  comma  bacillus. — The 
bacillus  is  a  short,  thickish  rod,  about  two-thirds  the  length  of  the 

tubercle  bacillus  and  somewhat 
broader  (see  Fig.  157).  It  is 
curved  on  its  long  axis  so  as  to 
resemble  a  comma  (but  without 
the  head  of  the  printed  comma). 
Sometimes  there  are  two,  end  to 
end,  with  their  curves  in  oppo- 
site directions,  so  as  to  resemble 
the  letter  S.  They  sometimes 
grow  into  longer  spiral  threads, 
from  which  they  have  been 
ranked  as  spirilla.  As  the  spirals 
are  not  single  cells,  but  made  up 
of  rows  of  commas,  this  con- 
clusion is  scarcely  warranted, 
and  the  bacteria  may  still  be 
regarded  as  curved  bacilli.  The  bacillus  is  very  actively  motile  by 
means  of  a  single  cilium  which  is  at  one  end.  The  bacilli  are 
readily  stained  by  watery  solutions  of  the  aniline  dyes,  but  the 
best  is  a  strong  watery  solution  of  fuchsine.  They  require  longer 
exposure  than  usual,  not  less  than  ten  minutes  for~  cover-glass  pre- 
parations and  twenty-four  hours  for  section.  The  fluid  may  be  heated. 
Oram's  method  is  not  available  as  the  bacilli  are  decolorized. 

Cultures  of  the  bacilli  in  gelatine  show  very  characteristic  appear- 
ances. The  growing  bacilli  liquefy  the  gelatine  slowly,  and  form 
typical  depressions  and  spaces  in  it.  They  also  grow  on  potato,  in 
milk,  and  even  in  water.  They  were  found  by  Koch  abundantly  in 
the  water  of  a  tank  in  India.  The  presence  of  the  cholera  bacillus 
may  be  determined  by  a  chemical  colour  test.     Cultures  made  on 


Fig.  157.— Comma  bacillus  of  Koch,  from  a 
culture,    x  1000. 
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media  containing  peptones  fsueh  as  a  simple  1  per  cent,  watery  solu- 
tion of  peptone  to  which  1  per  cent.  NaCl.  has  been  added)  give 
with  chemically  pure  hydrochloric  or  sulphuric  acid  a  red  colour  of 
varying  intensity — the  so-called  Cholera  red.  which  owes  its  colour 
to  Indol.  Other  comma  bacilli  and  the  Vibrio  Metchnikowii  give 
similar  reactions. 

Cholera  does  not  occur  in  animals,  but  Koch  has  succeeded  by  a 
special  method  in  inducing  the  bacilli  to  grow  in  the  intestinal  canal 
of  guinea-pigs.  In  order  to  this  he  overcomes  the  acidity  of  the 
stomach  by  an  alkaline  carbonate,  and  at  the  same  time  controls  the 
peristaltic  action  of  the  intestine  by  opium,  and  then  finds  that 
cultures  introduced  into  the  stomach  survive  and  propagate.  The 
animal  dies  in  about  two  days,  and  the  intestine  is  found  to  contain 
large  quantities  of  fluid  faeces  which  teem  with  comma  bacilli.  An 
accidental  contamination  of  one  of  Koch's  pupils  during  a  course  of 
bacteriology  resulted  in  an  attack  of  cholera,  thus  affording  a  proof 
of  the  identity  of  the  bacillus. 

In  cases  of  Asiatic  cholera  Koch  has  always  found  the  comma 
bacillus  in  the  rice-water  evacuations  and  intestinal  contents.  The 
mucous  membrane  of  the  intestine  is  red  and  swollen,  especially  in 
the  region  above  the  ileo-ccecal  valve.  The  bacilli  are  present  not 
only  in  the  contents,  but  in  the  tubular  glands,  sometimes  pene- 
trating between  the  epithelium  and  the  basement  membrane.  The 
bacillus  does  not  penetrate  beyond  "the  intestine,  but  it  apparently 
produces  a  violent  poison,  which  irritates  the  intestine  and,  being 
absorbed,  leads  to  weakening  of  the  heart,  lowering  of  the  tempera- 
ture, muscular  cramps,  etc. 

A  protective  vaccine  has  been  devised  by  M.  Haffkine.  and  pro- 
mises successful  results.  An  exalted  virus  is  made  by  passing  the 
bacillus  through  the  peritoneal  cavity  of  the  guinea-pig  a  number  of 
times  in  succession  with  intermediate  culture.  This  virulent  form  is 
injected  subcutaneously.  As  the  vibrio  does  not  siirvive  in  the  sub- 
cutaneous tissue  the  cultures  themselves  may  be  injected,  but  it  is 
safer  to  use  carbolized  cultures  which  can  be  preserved  in  sealed 
tubes  for  use.  The  injection  of  the  strong  vaccine  is  preceded  by 
the  use  of  a  weakened  form. 

The  bacillus  is  destroyed  by  drying,  and  is  apparently  transmitted 
by  means  of  water,  milk,  etc. 

Vibrio  Metcluiikotrii. — This  is  a  com  ma  bacillus  of  smaller  size  than  the  cholera 
bacillus,  and  more  strongly  curved.  It  was  found  by  G-anialeia  in  an  epidemic  of 
gastro-enteritis  in  chickens.  It  is  highly  pathogenic  in  pigeons  and  young  hens. 
"When  cultures  are  inoculated  into  the  muscles  of  pigeons  the  animals  die  in 
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about  twenty  hours,  and  the  microbes  are  present  not  only  in  the  neighbourhood 
of  the  inoculation,  but  also  in  enormous  numbers  in  the  blood.  The  microbe 
is  also  very  pathogenic  in  guinea-pigs. 

Guinea-pigs  and  pigeons  may  be  immunized  by  injection  of  the  sterilized 
culture  containing  the  toxines,  and  the  blood  serum  of  such  animals  rapidly  kills 
the  bacillus. 

Vibrio  proteus  of  Finkler  and  Prior. — This  was  obtained  from  cultures  in  a  case 
of  cholera  nostras,  but  it  has  not  been  found  in  other  cases,  and  has  nothing 
to  do  with  the  causation  of  cholera.  It  is  merely  a  laboratory  culture.  It 
resembles  the  cholera  vibrio,  but  differs  in  its  mode  of  growth  in  cultures.  It  is 
pathogenic  in  guinea-pigs,  but  less  so  than  the  cholera  bacillus. 

Vibrio  Deneke. — This  also  is  a  laboratory  organism  obtained  first  from  old  cheese. 
It  is  distinguished  in  cultures,  and  is  slightly  pathogenic  in  guinea-pigs. 
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Kitasato,  etc.,  Deutsch.  Med*  Wochenschr.  and  Berlin.  Med.  Wochenschr.,  1890 ; 
Koux,  Ann.  de  l'Inst.  Pasteur,  viii.,  1894.  Tetanus — Nicolaier,  Deutsch.  Med. 
Wochenschr.,  1884 ;  Kosenbach,  Langenb.  Arch.,  Bd.  34,  1886 ;  Brieger, 
Berlin.  Klin.  Wochenschr.,  1887,  1888;  Kitasato,  Zeitschr.  f.  Hygiene,  1889, 
1891 ;  Behring,  ibid.,  1892.  Influenza — Pfeiffer,  Deutsch.  Med.  Wochenschr., 
1892 ;  Kitasato,  ibid.,  1892.  Bubonic  plague — Yersin,  Ann.  de  l'Inst.  Pasteur, 
vol.  viii.,  1894,  p.  662.    Cholera— Koch,  Etiol.  of  cholera  (Syd.  Soc.  transl.),  1886. 

C.  — BACTERIA  OF  SPECIFIC  NEW-FORMATIONS. 

1.  Bacillus  of  tubercle. — The  great  frequency  of  tuberculosis  both 
in  man  and  animals  renders  the  discovery  of  the  bacillus  by  Koch 
one  of  the  most  important  results  of  science  in  this  century.  The 
merit  of  this  discovery  is  the  greater  as  the  tubercle  bacillus  is 
peculiarly  difficult  both  to  observe  in  its  usual  seats  and  to  cultivate. 

The  bacillus  is  a  thin,  rod-shaped  cell,  rather  shorter  than  the 
diameter  of  a  red  corpuscle  (see  Fig.  158).  It  is  often  slightly 
curved.  The  bacilli  are  mostly  single,  but  occasionally  in  pairs 
attached  so  as  to  form  an  angle,  more  rarely  in  longer  threads.  They 
do  not  possess  power  of  movement.  They  usually  present  a  beaded 
appearance,  and  the  beads  have  sometimes  been  regarded  as  spores. 
The  remarkable  persistence  of  the  tubercle  bacillus,  and  the  manner 
in  which  it  retains  its  infective  powers  when  dried  or  when  kept  in 
putrid  fluids,  seem  to  indicate  that  there  must  be  some  more  per- 
manent condition,  probably  the  spores  mentioned. 
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The  staining  of  the  tubercle  bacillus  may  be  accomplished  in  various  ways. 
The  material  to  be  stained  may  be  either  the  discharges  from  tubercular  lesions 
or  the  tissues  affected  with  tuberculosis. 
Of  the  former  the  sputum  from  phthisis 
pulmonalis  is  most  frequently  the  sub- 
ject of  examination. 

In  examining  sputum  it  is  important 
to  choose  a  portion  which  has  actually 
come  from  the  lung,  and  not  merely 
the  clothing  of  mucus  which  the  sputa 
obtain  from  the  bronchial  mucous 
glands.  A  portion  of  the  sputum  may 
be  poured  into  a  watch-glass  and  the 
latter  placed  on  a  black  background. 
In  the  midst  of  the  sputum  will  be 
found  yellow  rounded  masses  which 
have  come  from  the  lungs.  A  small 
portion  of  one  of  these  should  be  sepa- 
rated with  needles  and  placed  on  a 
cover  glass.  Another  cover  glass  is 
placed  on  the  top  of  it  and  the  piece 
of  sputum  squeezed  between  the  two 

till  it  forms  a  thin  film.  By  gliding  the  two  cover  glasses  asunder  we  obtain 
two  preparations,  each  consisting  of  a  thin  film  of  sputum.  The  cover  glass 
should  be  dried  in  the  air  and  then  passed  through  the  flame  of  a  spirit 
lamp  three  or  four  times.    It  is  then  ready  to  be  stained. 

The  primary  staining  fluid  is  preferably  Ziehl-Neelsen's.  It  consists  of  fuchsine 
1,  alcohol  10,  crystalline  carbolic  acid  5,  and  water  100.  The  sputum  or  section 
is  placed  in  the  solution  and  left  for  a  quarter  of  an  hour  in  the  case  of  sputum, 
and  several  hours  in  that  of  sections,  but  the  time  may  be  curtailed  by  heating  the 
solution  till  steam  is  seen  to  rise.  The  deeply  stained  material  is  then  treated  with 
nitric  acid  (1  in  3  of  water)  or  sulphuric  acid  (20  per  cent.)  till  it  has  lost  its  colour 
and  become  greenish  or  brownish.  It  may  then,  after  washing,  be  counter- stained 
with  methyl-blue.  A  very  useful  modification  is  that  of  Gabbett.  After  removal 
from  the  fuchsine  solution,  the  cover  glass  or  section  is  placed  at  once  in  a 
solution  consisting  of  sulphuric  acid  (25  per  cent.)  100,  methyl-blue,  2.  In  this 
solution  the  acid  extracts  the  colour  from  all  except  the  bacilli,  while  the  blue 
dye  stains  the  structures  which  have  been  acted  on  by  the  acid.  Giinther  recom- 
mends that  before  mounting  cover-glass  preparations  in  Canada  balsam,  the 
cover  glass  should  be  passed  three  to  ten  times  through  the  flame,  as  this  renders 
the  colour  more  permanent. 


Fig.  158. — Bacilli  of  tuberculosis  growing  in  a 
lung  alveolus.  The  bacilli  are  to  a  large  extent 
in  cells. 


In  artificial  cultures  the  bacillus  is  very  slow  of  growth  and  difficult 
of  cultivation.  It  grows  scarcely  at  all  on  ordinary  nutrient  jelly, 
and  the  best  medium  is  solidified  blood  serum.  The  more  ordinary 
media  are  made  available  for  the  culture  by  the  addition  of  6  to  8 
per  cent,  of  glycerine  (Nocard  and  Roux).  A  specially  favourable 
medium  is  stated  to  be  a  bouillon  made  from  calf's  lung,  to  which 
4  per  cent,  of  glycerine  has  been  added  (Bonhoff).    The  bacilli  require 
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for  their  growth  a  temperature  above  30°  C.  and  under  42°,  and  the 
best  is  near  the  temperature  of  the  body,  namely,  37*5°.  In  about 
ten  to  fourteen  days  after  implantation  the  growth  first  appears  as 
dry  whitish  scales,  which  are  entirely  superficial.  Under  the  micro- 
scope the  scales  are  seen  to  be  composed  of  colonies  of  bacilli,  which, 
from  their  arrangement,  form  curved  lines,  some  of  them  like  the 
letter  S  (see  Fig.  159).    These  bacilli  give  the  characteristic  reactions 

with  the  staining  fluids  men- 
tioned above.  The  growth  goes 
on  for  three  or  four  weeks,  and 
remains  superficial  all  the  time, 
the  jelly  not  being  liquefied. 
The  culture  may  be  propagated 
through  many  generations,  the 
bacilli  retaining  their  morpho- 
logical and  pathogenic  charac- 
ters. Sunlight  is  very  inimical 
to  the  bacilli.     Direct  sunlight 

Fig.   159. -Tubercle  bacilli,   forming   typical     kills  Cultures  in  a  few  minutes, 

and  even  diffused  daylight  de- 
stroys them  in  a  few  days. 

Tuberculosis  is  producible  in  animals  by  administering  either  the 
products  of  disease  (such  as  dry  sputum  or  portions  of  caseous  struc- 
tures) or  cultures.  It  has  been  induced  by  inoculation  under  the' 
skin  or  into  the  anterior  chamber  of  the  eye,  by  injection  into  the 
serous  cavities  or  into  the  veins,  by  inhalation  and  by  ingestion 
with  the  food.  Except  when  directly  introduced  into  the  blood, 
there  is  first  a  local  tuberculosis,  which  may  be  followed  by  a 
generalization  of  the  disease. 

The  toxine  of  tuberculosis  has  been  investigated,  and  the  substance 
called  Koch's  tuberculin  is  a  glycerine  extract  of  cultures.  (See  antet 
p.  223.) 

In  man  the  bacilli  are  introduced  accidentally  by  inhalation,  by  the 
food,  or  by  inoculation.  When  they  attack  the  skin  they  produce 
lupus  or  scrofuloderma,  and  when  they  affect  the  lungs,  phthisis 
pulmonalis ;  when  introduced  with  the  food  they  rarely  affect  the 
intestinal  canal,  but  are  usually  carried  to  the  lymphatic  glands, 
where  they  produce  tuberculosis.  According  to  Cornet  the  tubercle 
bacillus  is  not  commonly  present  in  the  dust  of  dwellings,  but  is 
present  when  the  expectoration  of  consumptives  is  allowed  to  dry 
on  the  floor  or  in  handkerchiefs,  and  to  become  pulverized. 

Bacillus  of  Fowl-tuberculosis. — Tuberculosis  in  fowls  is  now  known 
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;  to, be  due  to  a  bacillus  which  resembles  the  ordinary  tubercle  bacillus, 
|  but  yet  presents  certain  differences  both  in  form  and  mode  of  growth 

in  cultures.  The  spontaneous  disease  in  fowls  is  said  to  be  trans- 
j  mitted  congenitally  (like  syphilis),  and  the  lesions  are  chiefly  in  the 

liver. 

This  microbe  differs  entirely  in  its  pathogenic  relations  from  the 
I  other.    Fowls  are  highly  susceptible,  but  are  almost  immune  to  the 
ordinary  form.     On  the  other  hand  the  guinea-pig,  which  is  most 
susceptible  to  the  bacillus  of  tubercle,  is  entirely  refractory  to  that 
of  fowl-tubercle.    The  rabbit  is  susceptible  to  the  latter. 

The  lesions  in  the  fowl  contain  few  giant-cells,  and  instead  of  caseous 
J  necrosis  there  is  the  formation  of  a  hyaline  substance. 

2.  Bacillus  leprae,  Bacillus  of  leprosy. — This  form  of  microbe  was 
first  observed  by  Hansen  in  Norway,  and  the  observation  was  confirmed 
by  Neisser.  It  is  a  rod  which  closely  resembles  the  tubercle  bacillus, 
and,  like  it,  is  motionless.  It  presents  clear  spots,  which  remain  un- 
coloured  when  the  bacillus  is  stained,  but  it  is  not  known  whether 
these  are  spores  or  not.  It  is  stained  by  the  same  process  as  the 
tubercle  bacillus,  but  takes  on   the  colour   more  readily,  and  it 

j  presents  the  important  difference  that  it  is  stained  by  ordinary 
I  watery  solutions  of  the  aniline  dyes,  especially  fuchsine  and  methyl- 
i  violet. 

The  bacillus  is  found  in  all  cases  of  leprosy  in  the  lesions  in  the 
/j  skin,  nerves,  and  elsewhere.  It  occurs  in  very  large  numbers,  so  that 
|  when  stained  by  Gram's  method  a  section  will  have  a  decided  blue 
colour  from  the  stained  bacilli  alone.  The  bacilli  are  in  cells,  and  so 
I  present  themselves  in  little  rounded  clumps  (see  Fig.  89,  p.  237). 

The  bacillus  has  been  cultivated  artificially  on  glycerine  agar, 
ij  Melcher  and  Ortmann  have  succeeded  in  inoculating  the  anterior 
1  chamber  of  the  eye  in  rabbits  with  pieces  from  a  freshly  excised 
I'  leprosy  nodule.  Characteristic  new-formations  appeared  in  almost 
I  all  the  internal  organs,  especially  the  caecum,  lymphatic  glands,  spleen, 
I  and  lungs.    In  these  the  bacilli  were  abundantly  present. 

In  man  there  is  now  sufficient  evidence  of  direct  communication  of 
I  the  disease  from  one  person  to  another,  but  the  period  of  inoculation  is 
I  very  long  and  the  mode  of  communication  often  difficult  to  trace  (see 
1  P.  236). 

3.  Bacillus  of  syphilis. — Lustgarten  has  described  a  bacillus  whose 
connection  with  syphilis  still  stands  in  need  of  proof.    He  has  found  it 

j  in  the  secretions  and  in  the  tissues  affected  with  syphilis.  It  is  a  rod 
R  somewhat  resembling  the  tubercle  bacillus,  and  is  always  found  inside 
I  cells.     It  presents  peculiar  relations  to  staining  agents,  requiring 
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treatment  with  gentian-violet,  permanganate  of  potassium,  and  sul- 
phuric acid. 

Giacomi  ("  Correspondenzbl.  f.  sehweiz.  Aerzte,"  1885)  describes  a  simpler 
method.  A  cover-glass  preparation  or  section  is  placed  for  a  few  minutes  in  a 
heated  aniline  water  fuchsine  solution,  afterwards  washed  in  water  containing  a 
iew  drops  of  chloride  of  iron,  and  then  decolorized  in  a  concentrated  solution  of 
chloride  of  iron.    The  bacilli  remain  red,  while  all  other  bacteria  are  decolorized. 

The  position  of  this  bacillus  is  doubtful,  on  the  one  hand  because  it  is  not  found 
constantly  in  syphilitic  lesions,  and  on  the  other  because  a  similar  bacillus  has  been 
found  in  the  normal  preputial  and  vulvar  smegma. 


4.  Bacillus  mallei,  Bacillus  of  glanders.— This  form 
is  abundantly  present  in  the  lesions  of  glanders,  is 
readily  cultivated,  and  easily  communicated  to  animals. 

The  bacillus  is  a  rod  somewhat  like  the  tubercle 
bacillus,  but  slightly  thicker  and  shorter.  It  is  gene- 
rally slightly  curved,  and  usually  single  or  in  pairs. 
It  is  not  motile.  It  is  not  certain  that  it  produces 
spores,  but  it  preserves  its  virulence  in  the  dry  state 
for  months. 

The  bacillus  may  be  stained  with  the  ordinary  aniline  dyes, 
especially  with  fuchsine,  but  better  results  are  obtained  with 
Loemer's  methyl-blue.  Loemer  also  gives  a  somewhat  compli- 
cated method  which  yields  very  striking  results. 

The  bacilli  have  been  cultivated  on  nutrient  agar-agar 
and  blood  serum,  where  they  give  a  whitish  or  yellow 
culture  (see  Fig.  160).  On  potato  there  is  a  very 
characteristic  growth,  at  first  amber  coloured,  then 
getting  darker  in  colour  till  ;it  assumes  a  reddish 
brown  or  red  tint.  A  temperature  between  25°  and 
42°  C.  is  necessary,  the  best  results  being  obtained 
between  30°  and  40°. 

Animals  are  readily  inoculated,  but  there  are  peculiar 
differences  in  susceptibility.  As  the  disease  is  mainly 
one  of  horses,  it  is  natural  to  find  that  these  animals 
and  asses  are  readily  affected.  Field  mice  and 
guinea-pigs  are  readily  affected,  but  white  mice, 
house  mice,  pigs,  and  cattle  are  hardly  affected. 
There  is  always  a  local  action  at  .the  point  of  in- 
oculation, from  which  there  may  be  a  gradual  exten- 
sion, but  not  by  the  blood. 

In   man   an   accidental ,  infection  sometimes  occurs,  resulting  in 


Fig.  160. -Bacillus 
of  glanders  in  cul- 
ture in  test-tube. 
The  appearance  as 
of  dry  crusts  is 
shown. 
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local  abscesses,  with  secondary  extension  to  the  mucous  membranes, 
joints,  etc. 

A  remarkable  fact  is,  that  in  cultivating  the  bacillus,  it  gradually 
loses  its  infective  power,  so  that  in  the  fourth  or  fifth  generation  it  has 
become  so  harmless  that  it  is  necessary  to  inoculate  much  larger 
quantities,  and  the  effect  is  merely  local.  By  further  cultivation  the 
bacilli  lose  their  virulence. 

5.  Actinomyces  or  Ray  fungus. — This,  which  belongs  to  the  bacteria 
rather  than  the  fungi,  is  pathogenic  chiefly  in  cattle,  but  is  readily 
communicable  to  man.  It  grows  in  the  form 
of  little  heads  composed  of  radiating  threads 
swollen  at  their  ends,  but  besides  these  there 
are  complicated  fibres  like  bacilli,  and  shorter 
cells  like  cocci.  The  threads  are  readily 
stained  by  Gram's  or  Weigert's  fibrin  method. 
In  the  actual  lesions  the  microbe  is  surrounded 
by  giant  cells,  and  these  often  enclose  portions 
of  the  parasite  as  in  Fig.  161.  Cultures  have 
been  successfully  carried  out  on  nutrient  agar- 
agar  and  boiled  eggs,  the  best  results  being 
obtained  at  a  temperature  of  33°-37°  C.  The 
cultures  show  threads,  rods,  and  cocci,  the 
ray  form  being  regarded  as  only  occurring  when  the  soil  is  unsuitable 
to  perfect  growth. ,  These  may  be  inoculated  in  cattle  ;  successful 
inoculation  has  also  been  obtained  into  the  abdominal  cavity  of  the 
rabbit  and  guinea-pig.  The  condition  in  man  has  been  described 
at  p.  241. 

Literature. —  Tuberculosis — Koch,  Etiol.  of  T.,  Syd.  Soc.  transl.,  188G;  Deutsch. 
mecl.  Wochenschr.,  1890;  Nocakd,  Congrespour  1' etude  de  la  Tub.,  iii.,  1893  ;  Cornet, 
Zeitsch.  f.  Hygiene,  1888-89.  Leprosy — Neissek,  Etiol.  of  L.,  Syd.  Soc.  transl., 
1886;  Melcher  and  Ortmann,  Berlin  Klin.  Wochenschr.,  1885  and  1886.  Syphilis — 
Lustgarten,  Med.  Jahrbiicher,  1885.  Glanders — Loeffler  und  Schutz,  Syd.  Soc. 
transl.,  1886.    Actinomycosis — Bostroem  (very  fully),  Ziegler's  Beitrage,  ix.,  1891. 

D.— ACUTE  BLOOD  INFECTIONS  IN  ANIMALS.  SEPTICEMIA. 

A  number  of  pathogenic  bacteria  have  been  very  thoroughly  investigated  in 
animals,  and  of  some  of  these  a  brief  account  may  be  given.  As  these  microbes 
propagate  in  the  blood  and  are  found  abundantly  in  the  vessels  after  death,  the 
conditions  are  often  indicated  by  the  term  Septicaemia,  a  word  which  is  in  many 
respects  objectionable.  In  the  same  category  may  be  included  in  their  relations 
to  animals,  the  bacillus  anthracis,  and  diplococcus  pneumoniae. 

1.  Micrococcus  tetragenus. — This  microbe  was  discovered  in  the  contents  of  a 
tubercular  cavity  in  the  lungs,  and  afterwards  in  normal  sputum.  It  has  been 
investigated  by  Gaffky.    It  consists  of  micrococci,  which,  when  found  in  the  living 

Z 


Fig.  1G1. — Actinomyces  head 
growing  in  a  giant  cell.  The 
general  radiating  arrangement 
of  the  threads  is  shown.  The 
preparation  was  stained  by 
Weigert's  fibrin  method,  x 
400. 
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body,  are  arranged  in  fours,  each  group  having  a  clear  capsule  around  it.  These 
groups  somewhat  resemble  sarcinaa.  The  bacteria  have  been  cultivated  in  nutrient 
media,  but  they  lose  their  peculiar  arrangement.  They  have  been  used  for  inocula- 
tion in  animals,  and  are  violently  pathogenic  in  white  mice  and  guinea-pigs,  while 
house  and  field  mice  and  rabbits  are  insusceptible.  The  cocci  are  found  in  the 
blood  and  tissues  of  all  organs.  This  microbe  may  possibly  be  the  cause  of  patho- 
logical conditions  in  man,  especially  suppurations. 

2.  Bacillus  of  septicaemia  of  mice. — The  condition  designated  septicaemia  of  mice 
is  a  laboratory  disease  which  Koch  produced  by  inoculating  the  house  mouse  with 
one  or  two  drops  of  putrid  fluid.  The  animal,  in  a  certain  proportion  of  cases 
(about  a  third)  becomes  ill  in  about  twenty-four  hours,  and  dies  in  two  or  three  days, 
with  symptoms  of  an  acute  specific  fever.  The  blood  is  then  found  loaded  with 
small  bacilli  (shown  in  Fig.  144,  p.  324),  many  of  which  are  in  the  leucocytes  of  the 
blood.  The  bacilli  are  very  small,  and  they  are  stained  by  the  ordinary  agents. 
They  have  been  cultivated  on  nutrient  media,  and  animals  have  been  infected  by 
inoculation.  House  mice  and  white  mice,  pigeons,  sparrows,  and  rabbits  are 
susceptible,  but  it  is  peculiar  that  field  mice,  although  so  like  house  mice,  are  not. 
Fowls  and  guinea-pigs  are  also  insusceptible.  In  rabbits  the  result  is  not  septi- 
caemia, but  an  inflammation  of  the  subcutaneous  tissue,  like  erysipelas. 

3.  The  Bacillus  of  swine-erysipelas  {Boi«je  da  pore)  is  apparently  identical  with 
the  above.  It  has  the  same  appearances  and  reactions,  and  shows  the  same  patho- 
genic relations  to  the  house  mouse  and  field  mouse.  The  disease  occurs  spontane- 
ously in  the  higher  breeds  of  pigs,  the  more  ordinary  breeds  being  almost 
insusceptible  to  inoculation.  The  affected  animals  present  a  red  eruption  of  the 
skin;  there  are  signs  of  progressive  weakness,  and  death  occurs  in  one  or  two  days. 
The  bacilli  are  found  in  the  blood-vessels  in  all  parts  of  the  body,  but  also  in  the 
tissues  outside  the  vessels. 

A  vaccine  of  this  form  was  obtained  by  Pasteur  by  passing  the  microbe  through 
rabbits.  Immunity  was  procured  in  pigs  by  successive  vaccinations  with  weaker 
and  stronger  cultures. 

4.  Bacillus  of  septicaemia  haemorrhagica. — Evidence  accumulates  to  show  that  a 
number  of  diseases  in  animals  is  due  to  the  same  bacillus,  which  is  pathogenic  in  a 
large  number  of  different  species.  In  all  of  them  it  propagates  in  the  blood  and 
induces  a  rapidly  fatal  disease.  Amongst  these  Fowl-cholera  was  first  described  by 
Pasteur.  The  bacillus  was  next  obtained  experimentally  by  Koch  and  Gaffky  in 
rabbits  by  inoculating  putrid  fluids,  the  disease  being  called  by  them  Rabbit- 
septicsemia.  It  has  further  been  identified  as  the  infective  agent  in  Swine-plague,  of 
which  the  two  forms,  German  and  American,  are  probably  identical.  It  has  also 
been  recognized  in  a  form  of  cattle-plague  (not  Kinderpest).  It  is  an  exceedingly 
virulent  agent  in  mice,  the  disease  in  these  animals  being  called  Mouse-typhus. 

In  these  various  animals  the  disease  may  be  produced  by  feeding  them  with 
infected  material  or  by  inoculation,  the  latter  method  having  more  rapid  effects. 
Thus  when  administered  by  the  mouth  in  field  mice  it  causes  death  in  from  six  to 
twelve  days,  whereas  subcutaneous  inoculation  is  fatal  in  from  two  to  four  days. 

This  microbe  is  further  interesting,  as  it  was  used  by  Loeffier  for  the  purpose  of 
stopping  the  plague  of  field  mice  in  Thessaly.  Food  stuffs  impregnated  with  the 
bacillus  were  distributed  so  that  the  animals  should  eat  them.  Pasteur  had  pre- 
viously proposed  the  use  of  the  same  microbe  to  deal  with  the  rabbits  in  Australia. 

The  microbe  is  a  short  thick  rod  which  stains  chiefly  at  its  two  ends,  leaving  a 
clear  space  in  the  middle.    This  limited  staining  may  cause  it  to  be  taken  for  a 
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micrococcus.  It  is  stained  by  the  ordinary  watery  solutions  of  the  aniline  dyes,  but 
not  by  Gram's  method.    It  is  readily  grown  on  nutrient  media. 

As  above  noted,  this  microbe  is  pathogenic  in  a  large  number  of  animals.  In 
fowls  it  produces  a  condition  characterized  by  hemorrhagic  enteritis,  and  by  weak- 
ness and  torpor  which  deepens  up  to  death.  The  bacilli  are  abundant  in  the 
evacuations  from  the  bowels.  Pasteur  has  extracted  a  substance  from  the 
cultures  which  is  highly  narcotic,  inducing  in  fowls  a  condition  of  somnolence  and 
coma. 

A  vaccine  of  the  bacillus  of  fowl-cholera  was  obtained  by  Pasteur  by  cultivating 
it  for  some  time  at  an  elevated  temperature. 


E.— SOME  SAPROPHYTIC  BACTERIA. 


G 


1.  Sarcina. — The  sarcina  is  a  micrococcus  which  in  dividing  shows 
lines  of  fission  in  three  directions  at  right  angles,  so  that  it  always 
divides  into  fours.  The  fours  often  remain  adherent,  so  that  we  may 
have  groups  of  four,  eight,  sixteen,  or  further  multiples  (see  Fig.  162). 
There  are  several  forms  of  sarcinse 
which  may  appear  spontaneously 
in  various  media,  their  source 
being  the  air,  and  from  these  pure 
cultivations  may  be  obtained. 
The  forms  are  distinguished  by 
the  colour  of  the  cultures,  as 
white,  yellow,  and  orange. 

Sarcina  ventriculi  (Goodsir)  is 
a  form  found  in  the  stomach, 
especially  when  the  organ  is 
greatly  dilated  and  processes  of 
fermentation  are  proceeding.  It 
occurs  as  cubical  packets  of  micro- 
cocci which  frequently  have  a 
brownish  colour  when  seen  under 
the  microscope  (see  Fig.  162). 
When  cultivated  on  nutrient  jellies  it  grows  in  light  yellow  colonies. 
It  has  no  special  significance  in  the  stomach,  where  it  occurs  along 
with  other  fermentative  bacteria. 

Sarcinae  have  also  been  observed  in  other  situations.  If  blood  be 
taken  fresh  from  the  vessels  into  a  capillary  tube  and  preserved  in  a 
water-bath  at  a  temperature  near  that  of  the  body,  then  in  almost 
every  case  sarcinse  will  develop  in  a  few  days  (Lostorfer  and  Ferrier). 
They  first  appear  as  globular  glancing  bodies  and  then  form  the  regular 
cubical  packets.  They  are  smaller  than  those  found  in  the  stomach, 
but  in  nutrient  media  they  grow  to  that  size.    Sarcinse  have  also  been 


Fig.  162. — From  vomited  matter,  showing  (a) 
sarcinae  ventriculi,  (6)  starch  granules,  and  (c) 
fungus  spores,     x  350. 
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found  iii  gangrenous  cavities  in  the  lungs,  and  in  the  urine,  being 
probably  derived  from  the  blood. 

2.  Gas-forming  bacillus  found  post-mortem. — Gas  is  frequently 
formed  in  the  tissues  after  death,  but  there  are  some  cases  in  which 
the  development  of  gas,  especially  in  the  liver,  is  so  marked  and 
extensive  that  special  attention  has  been  attracted  to  them.  In 
the  cases  referred  to  the  liver  is  found  more  or  less  honey-combed 
with  cavities,  produced  in  the  substance  of  the  organ  by  an  evolu- 
tion of  gas  in  many  centres.  A  similar  evolution  of  gas  occurs  in 
the  kidneys,  spleen,  in  the  subcutaneous  tissues,  where  it  produces 
emphysema,  and  elsewhere.  A  peculiar  odour  is  exhaled  by  the 
affected  organs.  In  such  cases  the  organs  have  been  found  the 
seat  of  colonies  of  microbes,  which  are  homogeneous  in  character  and 
are  almost  pure  cultures.  The  microbe  is  a  short  bacillus  with 
rounded  ends  which  stains  with  the  ordinary  reagents  and  also  by 
Gram's  method.  It  is  present  in  the  walls  of  the  gas  cavities  but 
also  in  the  blood-vessels,  being  found  in  the  case  of  the  liver  in 
portal  and  hepatic  branches  and  capillaries.  The  microbe  may  be 
cultivated  in  the  ordinary  media,  and  it  is  anaerobic.  It  produces 
gas  abundantly  in  the  cultures. 

It  is  certain  that  the  principal  growth  of  this  microbe  is  post- 
mortem, but  its  wide  dispersion  and  abundance  in  the  blood  suggest 
that  it  may  have  been  planted  during  life.  Most  of  the  cases  in 
which  the  condition  has  been  observed  are  septic,  that  is  to  say, 
there  are  external  wounds.  But  there  are  cases,  of  which  the 
author  is  cognizant  of  at  least  two,  in  which  a  rapidly  fatal  illness 
having  the  characters  of  toxaemia  (so-called  blood-poisoning),  but 
without  any  external  wound,  have  been  associated  with  the  condi- 
tion under  consideration,  and  with  no  other  apparent  cause  for  the 
symptoms.    Similar  cases  have  been  recorded  by  other  observers. 

3.  Bacillus  prodigiosus  (Micrococcus  prodigiosus). — This  is  one  of  the  commonest 
bacteria.  It  appears  as  blood-red  stains  on  objects— sometimes  on  milk,  bread, 
starch,  etc.,  from  which  the  names  "blood-rain,"  "bleeding  host,"  were  derived. 
As  the  blood-red  spots  have  sometimes  been  regarded  as  portents  or  prodigies,  the 
bacteria  have  received  the  specific  designation  Prodigiosus.  The  individuals  are 
oval  in  shape,  or  very  short  rods,  and  they  grow  vigorously  on  the  surface  of  potatoes, 
or  on  nutrient  jellies,  and  give  a  deep  red  colour.  The  colour  is  not  resident  in  the 
bacteria  but  secreted  by  them.  The  bacteria  evidently  exist  abundantly  in  the  air 
and  readily  infect  any  suitable  medium  which  may  be  exposed.  They  absorb  readily 
the  aniline  dyes.    No  pathological  significance  is  attachable  to  this  form. 

4.  Bacillus  megaterium  has  been  fully  described  by  De  Bary,  who  made  special 
observations  as  to  spore-formation  in  it.  It  was  first  observed  growing  on  boiled 
cabbage  leaves,  and  afterwards  cultivated  on  jellies  containing  grape  sugar,  or  meat 
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extract.  It  is  composed  of  cylindrical  rods,  which  are  often  slightly  bent,  and  con- 
tain numerous  granules.  It  forms  spores  in  the  granular  substance,  which  ultimately 
become  free. 

5.  Bacillus  subtilis,  Hay  bacillus,  is  a  very  common  form,  and,  as  its  cells  are  large 
as  compared  to  those  of  most  bacilli,  it  is  readily  seen,  and  was  early  discovered. 
From  its  name,  hay  bacillus,  it  will  be  inferred  that  it  readily  occurs  in  vegetable 
infusions,  being  planted  by  the  air.  It  is  composed  of  rods,  which  are  usually 
united  into  long  threads.  The  bacilli  are  motile,  possessing  a  fiagellum  at  each 
end.  Spore-formation  occurs  inside  the  rods,  and  as  the  spores  enlarge  the  bacilli 
disintegrate  so  that  the  former  are  set  free.  If  the  spores  are  placed  in  a  fitting 
medium  they  develop  into  rods.  The  membrane  of  the  spore  tears  at  one  side  and 
the  young  rod  grows  out  of  the  cleft.  This  form  grows  readily  on  many  nutrient 
media,  forming  on  potatoes  a  whitish  cream-like  layer,  and  on  other  media  a  thick 
membranous  layer.  The  hay  bacillus  is  aerobic ;  deprivation  of  oxygen  stops 
its  growth.  The  hay  bacillus  has  a  superficial  resemblance  to  the  anthrax 
bacillus. 

6.  Bacillus  acidi  lactici  is  concerned  in  the  souring  of  milk.  When  milk  is  with- 
drawn from  the  mammary  glands  and  exposed  to  the  air,  it  is  liable  to  have  several 
forms  of  bacteria  and  fungi  developing  in  it.  An  almost  constant  contamination  is 
that  with  the  lactic  acid  bacillus,  which  has  the  double  effect  of  converting  the 
milk  sugar  into  lactic  acid,  and  precipitating  the  casein,  the  latter  effect  being  the 
result  of  the  presence  of  the  free  acid.  The  result  occurs  in  pure  cultivations  in 
sterilized  milk.  The  bacillus  is  a  small  short  plump  rod,  mostly  joined  in  twos, 
seldom  in  longer  chains.  It  is  motionless.  The  bacilli  form  endospores.  The 
bacillus  grows  on  nutrient  jelly  as  a  greyish  white  glittering  layer,  which  does  not 
liquefy  the  jelly. 

There  are  probably  several  other  bacteria  which  convert  sugar  into  lactic  acid, 
but  this  is  the  chief  agent. 

7.  Bacilli  of  butyric  acid  fermentation. — There  are  two  bacilli  by  whose  action 
starch,  milk,  sugar,  and  lactic  acid  are  made  to  yield  butyric  acid.  They  also  dissolve 
coagulated  casein.  One  of  them  is  strictly  anaerobic  (B.  butyricus  of  Prazmowsky) 
and  the  other  is  aerobic  (B.  butyricus  of  Hueppe).  They  are  both  large  bacilli,  both 
bear  spores  and  both  are  motile.  The  anaerobic  gives  a  deep  indigo-blue  colour 
with  iodine  (hence  the  name  B.  amylobacter).  In  this  form  also  the  spores  swelling 
out  the  body  of  the  bacilli  and  the  ends  tapering  off  give  rise  to  a  spindle-shaped 
appearance.  This  appearance,  which  is  not  limited  to  this  bacillus,  has  received 
the  name  of  Clostridium  {Kkwarrjp  -  spindle),  and  the  bacillus  is  sometimes  called 
Clostridium  butyricum. 

The  anaerobic  form  presents,  under  certain  circumstances,  a  peculiar  reaction 
with  watery  solution  of  iodine,  certain  parts  of  the  cells  taking  on  a  deep  indigo 
blue  colour,  especially  when  cultivation  has  occurred  in  starchy  media. 

8.  Bacterium  termo  is  a  name  which,  in  view  of  the  modern  position  of  Bacteri- 
ology, can  hardly  be  said  to  have  a  proper  place.  In  putrid  fluids  every  drop  con- 
tains large  numbers  of  bacteria,  doubtless  of  various  sorts.  The  commonest  and 
most  constant  forms  are  moderately  large,  vigorously  moving  rods,  and  it  is  these 
which  have  received  the  name  of  Bacterium  termo.  But  attempts  made  to  obtain 
pure  cultivations  of  this  form  seem  to  have  shown  that  we  have  not  here  a  single 
species,  but  several  kinds,  which  future  research  must  be  left  to  identify.  The 
ordinary  bacterium  of  putrid  decomposition  is  a  short  rod  with  a  thick  cell-mem- 
brane and  rlagella.     This  microbe  is  believed  by  many  to  be  the  bacillus  coli 


358 


BACTERIOLOGY. 


communis.  No  spore-formation  has  been  observed.  It  grows  actively  on  nutrient 
jellies,  which  it  liquefies.    On  potatoes  it  forms  a  grey  slimy  layer. 

9.  Bacteria  in  the  mouth. — A  number  of  forms  have  been  described,  having  the 
three  forms  of  cocci,  bacilli,  and  spirilla.  The  most  constant  and  readily  dis- 
tinguished is  the  Leptothrix  buccalis,  which  consists  of  long  threads  which  lie 
frequently  in  tufts  (see  Fig.  163).    These  stain  with  the  ordinary  aniline  dyes,  and 
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Fig.  163. —Leptothrix  buccalis  from  the  gums  at  edges  of  teeth,  a,  the  filaments 
separated  ;  h,  masses  of  filaments,    x  350. 

some  give  a  yellow,  others  a  blue  colour  with  solution  of  iodine  and  iodide  of 
potassium.  The  bacteria  in  the  mouth  are  supposed  by  some  to  extract  lime  from 
the  food  and  form  the  so-called  tartar.  They  are  also  supposed  to  have  to  do> 
with  caries,  extracting  lime  and  breaking  down  the  tissue  of  the  tooth.  It  is  to  be 
noted  further  that  the  pathogenic  form,  the  diplococcus  pneumoniae  has  been 
found  in  the  mouth  of  healthy  persons. 


Literature. — Sarcina — Lostorfer,  Wien.  Med.  Jahrb.,  1871;  Ferrier,  Brit.  Med, 
Jour.,  i.,  1872;  Falkenheim,  Arch.  f.  experiment.  Path.  u.  Pharmac,  xix.,  1885, 
Mouth — David,  Die  Mikro-organismen  der  Mundhohle. 


Addendum.— ^Parasitic  Fungi. 

The  fungi  proper  consist  of  cells  devoid  of  chlorophyll  and  occur- 
ring in  the  form  of  threads  (Hj/jjhee)  and  round  or  oval  spores 
(Comdia).  The  fungi  are  divisible  into  two  classes,  the  moulds  or 
filamentous  fungi  and  the  yeasts  or  sprouting  fungi.  In  the  fila- 
mentous fungi  the  threads  or  hyphse  form  an  interwoven  network 
which  constitutes  the  root  part  of  the  fungus  and  is  called  the 
Mycelium.  From  this  root  part  upright  stems  arise,  under  favourable 
circumstances,  which  bear  the  fructification.  The  moulds  are  called, 
from  the  presence  of  this  root  part  composed  of  hyphse,  Hypho- 
mycetse.  The  sprouting  fungi  consist  merely  of  cells,  which  multiply 
by  budding,  and  are  not  known  to  produce  a  mycelium,  although 
some  of  them  are  supposed  to- bear  spores.    It  should  be  added  that 
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this  distinction  only  expresses  a  mode  of  growth,  and  that  some  of 
the  filamentous  fungi,  under  certain  circumstances,  grow  like  yeasts, 
while  the  sprouting 
fungi  are  believed  by 
some  to  be  only  a 
particular  phase  of 
fungi  which  may  have 
in  other  phases  the 
characters  of  the  fila- 
mentous forms.  In  pf^^7Ponnatl<?n  of  conidia  in  submer^ed  portion  of 
Fig.  164,  for  example, 

we  have  a  portion  of  an  ordinary  filamentous  fungus  (penicillium) 
which  has  been  growing  submerged  in  a  nutrient  material.  It  shows 
a  mode  of  growth  approaching  to  that  of  the  sprouting  fungi. 

I.  — THE  SPROUTING  FUNGI  OR  YEASTS. 

These  consist  of  oval  cells  which  contain  granules  and  frequently 
vacuoles.  They  grow  by  the  formation  of  buds  from  the  cells,  which 
increase  in  size  and  then  separate  from  their  parents. 

Great  importance  attaches  to  the  sprouting  fungi  from  the  part 
they  play  in  fermentations,  as  they  present  in  this  respect  many 
analogies  with  the  bacteria.  The  proper  yeast  fungus  has  the  faculty, 
in  its  growth,  of  splitting  up  sugar  into  alcohol  and  carbonic  acid. 

The  sprouting  fungi  are  essentially  saprophytic,  very  few  of  them 
even  occurring  as  occasional  parasites,  unless  we  include  the  fungus 
of  thrush  as  belonging  to  this  class.  The  proper  yeasts  are  included 
in  the  genus  saccharomyces,  of  which  several  species  are  distinguished. 

Saccharomyces  cerevisiae  or  Torula  cerevisise  is  the  common  yeast  plant.  Sac- 
charomyces ellipsoideus  is  the  fungus  concerned  in  the  fermentation  of  wine,  and 
it  is  found  in  all  sorts  of  fermenting  juices  of  fruits.  Saccharomyces  mycoderma 
is  found  in  the  scum  which  forms  on  fermenting  beer.  It  used  to  be  supposed 
that  it  had  to  do  with  the  development  of  acetic  acid  from  alcohol  and  hence 
was  named  the  vinegar  fungus,  but  this  action  is  probably  produced  not  by  it 
but  by  a  bacillus. 

II.  — FILAMENTOUS  FUNGI  OR  MOULDS. 

The  root  part  or  mycelium  of  these  fungi  consists,  as  we  have  seen, 
of  hyphse  or  threads,  from  which  may  grow  up  the  stems  which 
produce  the  spores.  The  common  moulds  belong,  for  the  most  part, 
to  three  genera,  penicillium,  aspergillus,  and  mucor.  The  fructifica- 
tion of  penicillium  is  characterized  by  the  formation,  on  the  summit 
of  the  stem,  of  rows  of  spores  (see  Fig.  165),  which,  from  their  brush- 
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like  appearance,  suggest  a  pencil.  The  fructification  of  the  aspergillus 
consists  of  spherical  heads. 


Fig.  165.— Aerial  growth  of  penicillium. 


The  filamentous  fungi  are  mostly  pure  saprophytes,  and  some  of 
them,  while  usually  saprophytic,  become  occasionally  parasitic.  On 
the  other  hand,  there  are  some  which  are  only  known  as  parasites, 
although  they  may  have  also  a  saprophytic  existence.  These  latter 
are  confined  to  the  skin  and  its  appendages. 

1.  Saprophytes  and  occasional  parasites. — In  the  common  moulds 
there  are  three  genera  which  are  frequently  represented,  namely, 
Penicillium,  Aspergillus,  and  Mucor,  and  of  these  the  aspergillus  is 
the  only  one  which  is  of  importance  as  an  occasional  parasite. 

Aspergillus  glaucus  is  one  of  the  common  greyish-blue  moulds.  According  to 
De  Bary,  it  is  not  a  true  aspergillus,  but  belongs  to  the  genus  Eurotium.  It 
has  been  described  as  occurring  as  a  parasite,  but  this  has  probably  been  a 
mistake  for  one  of  the  true  aspergilli.  It  does  not  grow  at  a  temperature 
approaching  that  of  the  body. 

Aspergillus  fumigatus  forms  a  greenish  mould  with  a  granular  surface,  becoming  . 
grey  later  on.     It  grows  best  at  a  high  temperature,  and  its  spores  may,  after 
introduction  into  the  body  of  animals,  grow  there  (see  below). 

Aspergillus  flavus  is  a  yellow  or  yellowish-green  mould,  while  Aspergillus  niger 
has  a  dark  brown  colour.  These  also  grow  at  the  temperature  of  the  body,  and 
may  become  parasitic. 

The  Aspergilli  have  been  introduced  by  experiment  into  the 
bodies  of  animals,  and  the  spores  of  some  of  them,  but  especially 
A.  fumigatus  and  flavus,  are  able  to  live  and  germinate  there.  They 
do  not,  however,  like  the  bacteria,  multiply  in  the  body,  but  they 
may  by  their  growth  produce  destructive  effects.  The  spores  carried 
by  the  blood  settle  in  certain  organs,  and  may  produce  lesions  not 
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unlike  metastatic  abscesses.  In  a  paper  by  Grawitz,  for  example, 
there  is  an  illustration  showing  lesions  in  the  kidney  closely 
resembling  those  occurring  in  pyaemia.     In  each  of  these  lesions  a 


Fig,  166.— fungus  growth  in  kidney.  To  the  left  of  the  figure  the  kidney  tissue  has 
been  cleared  up  by  adding  solution  of  soda  so  as  to  bring  out  the  fungus  (aspergillus). 
Fat  drops  and  crystals  of  tyrosin  are  present,  but  no  spores.  (Grawitz.) 

growing  fungus  is  found  (see  Fig.  166),  which  is  causing  necrosis  and 
inflammation  of  the  tissue,  but  is  not  producing  spores. 


Grawitz  believed  that  ordinary  mould  fungi  may,  by  cultivation,  be  so  altered 
as  to  possess  pathogenic  properties  such  as  those  just  mentioned,  but  subsequent 
observation  shows  that  it  is  only  the  aspergilli  which  have  these  powers,  and  that 
they  have  them  without  any  special  cultivation. 


In  man  aspergillus  has  been  found  not  infrequently  in  the  lung, 
usually  in  the  walls  of  pulmonary  cavities.  Such  cases  are  described 
under  the  name  of  Pneumonomycosis.  The  general  extension  of 
aspergillus  or  other  fungus  has  been  observed. 
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Aspergilli  are  occasionally  found  growing  in  the  ear,  constituting 
an  Otomycosis.  They  occur  by  preference  on  the  tympanic  mem- 
brane and  inner  third  of  the  external  meatus,  but  when  the  drum 
is  perforated  they  may  extend  to  the  middle  ear.  The  fungus  does 
not  apparently  grow  unless  there  be  some  previous  disease  causing 
a  breach  in  the  epithelium,  and  they  do  not  penetrate  deeply  into 
the  structures.  The  forms  observed  have  been  chiefly  aspergillus 
fumigatus,  flavus,  and  niger,  but  other  kinds  have  been  found. 

Leber  has  also  observed  a  fungus  growing  on  the  cornea  of  a  man. 
It  was  an  aspergillns,  and  he  determined  by  experiment  that  it  was 
capable  of  growing  on  the  rabbit's  cornea. 

A  mycosis  of  the  Nasal  mucous  membrane  has  also  been  observed ; 
the  fungus  was  aspergillus  fumigatus. 

2.  Pathogenic  fungi. — The  true  pathogenic  fungi  occur  on  the 
surface  of  the  body,  usually  attacking  the  epidermic  or  epithelial 
structures,  but  in  some  cases  penetrating  more  deejay.  They  mostly 
cause  lesions  of  the  hairs  and  epidermis,  and  some  of  them  lead  to 
inflammations  in  which  the  true  skin,  and,  it  may  be,  the  deeper 
structures  are  concerned.  The  resulting  conditions  of  the  skin  are 
described  in  the  Section  on  Diseases  of  the  Skin. 

Achorion  Schoenleinii  is  the  fungus  of  the  well-known  disease, 
Favus.  It  consists  almost  entirely  of  hyphse,  which  form  a  dense 
network  of  threads.  Conidia  spores  of  an  oval  shape  and  highly 
refractive  are  also  produced.  The  fungus  has  been  cultivated  on 
nutrient  jellies,  but  it  grows  best  on  blood  serum.  At  ordinary 
temperatures  it  does  not  grow  at  all,  requiring  a  temperature  of 
about  84°  F.    Hence  it  is  probably  an  obligate  parasite. 

Favus  is  very  common  in  mice  and  cats,  and  it  is  probably  com- 
municated from  them  to  man.  It  is  peculiar  that  this  fungus,  whose 
regular  seat  is  probably  the  mouse,  has  a  characteristic  smell 
suggestive  of  these  animals. 

The  fungus  extends  into  the  hair  sheath  surrounding  the  bulb  and 
penetrates  into  the  shaft.  It  also  penetrates  to  the  deeper  layers 
of  the  epidermis  and  even  to  the  true  skin. 

Trichophyton  tonsurans  is  the  fungus  of  Ringworm,  and  of  the 
corresponding  diseases  of  the  body  and  beard,  namely,  tinea  circinata 
and  tinea  sycosis.  It  consists  of  hyphse  and  conidia  spores,  but 
there  is  no  proper  fructification.  It  has  been  cultivated  on  nutrient 
media,  and  grows  best  on  blood  serum  at  a  temperature  of  29°  C. 
The  cultures  have,  by  inoculation,  produced  the  typical  lesions  of 
tinea  circinata. 

The  fungus  grows  in  the  epidermis  and  penetrates  into  the  hair 
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shaft  (see  under  Skin  Affections).  It  also  irritates  the  true  skin, 
producing  inflammatory  lesions. 

Microsporon  furfur  is  the  fungus  of  Pityriasis  versicolor.  It  con- 
sists of  ramified  hyphse  and  spores,  which  occur  in  groups  forming 
grape-like  bunches.  The  fungus  penetrates  very  little  into  the  epi- 
dermic layers  and  produces  merely  a  desquamation  without  inflam- 
mation. 

Oidium  albicans  (also  called  Saccharomyces  albicans)  is  the  fungus 
of  Thrush.  It  is  by  some  regarded  as  belonging  to  the  sprouting 
fungi,  although  it  undoubtedly  produces  long  threads  or  hypha?.  It 
is  in  the  form  of  branching  threads,  and  of  conidia,  which  lie  in 
groups.  It  has  been  cultivated,  and  is  said  to  have  the  power  of 
fermenting  sugar. 

The  fungus  grows  chiefly  in  the  mouth,  forming,  with  the 
epithelium,  a  soft  whitish  membrane.  This  is  the  so-called  aphthous 
condition  which  sometimes  occurs  in  unhealthy  children  and  even 
in  adults.  It  may  extend  to  the  oesophagus,  stomach,  and  intestine, 
and  to  the  air  passages.    The  accompanying  figure  (167)  shows  the 


Fig.  167.— Oidmm  albicans.  The  fungus  formed  a  yellow  layer  on  the  surface  of 
the  Esophagus  and  penetrated  downwards  to  the  mucous  membrane,  which  was 
much  inflamed  under  it.     X  350. 

appearances  in  a  case  in  which  the  oesophagus  was  affected.  It  is 
said  to  be  capable  of  inoculation  on  the  mucous  membrane  of  the 
vagina.     Zenker  and  Wagner  have  described  cases  in  which  the 
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fungus  had  extended  to  the  blood  and  caused  embolism  in  the 
brain. 

The  position  of  the  disease  called  Mycetoma  and  Madura  foot 
is  not  yet  completely  determined.  Carter  asserted  that  a  fungus 
was  the  cause  of  the  disease,  and  the  name  Chronyphe  Carteri 
was  given  to  the  fungus.  Kanthack  has  recently  described  and 
figured  a  fungus  which  he  asserts  to  be  a  form  of  Actinomyces. 
Boyce  and  Surveyor  hold  that  this  fungus  is  only  present  in  the 
pale  or  ochroid  form  of  the  disease  and  that  a  large  branching  sep- 
tate fungus  is  present  in  the  black  variety.  The  more  recent 
observations  of  Vincent  on  a  case  of  the  pale  variety  seem  to  show 
that  the  parasite  is  not  actinomyces  but  a  form  resembling  this 
which  he  designates  Streptothrix  madurae.  He  has  cultivated  it  on 
various  media  and  finds  that  its  behaviour  differs  from  that  of 
actinomyces. 

The  disease  is  characterized  by  the  presence  of  canals  and  cavities 
which  penetrate  both  the  soft  parts  and  the  bones.  These  open 
externally  and  discharge  a  fluid  which  contains  black  granules  in 
the  black  form,  and  yellow  granules  resembling  fish-roe  in  the  pale 
form.  On  dividing  the  foot  the  passages  are  visible ;  in  the  black 
form  they  contain  dark-coloured  debris  and  in  the  pale  form  granules 
like  those  discharged.  There  is  great  thickening  of  the  parts  and 
an  appearance  resembling  tubercular  disease.  The  condition  is  a 
chronic  one,  for  which  amputation  is  frequently  performed. 

Literature. — De  Bary,  Fungi,  mycetozoa  and  bacteria,  1887.  Aspergillus,  etc. — 
Grohe,  Berl.  Klin.  Wochenschr.,  1870;  Grawitz,  Virch.  Arch.,  lxxxi. ;  Lichtheim, 
Zeitschr.  f.  Klin.  Med.,  vii. ;  Cassells  (Aspergillus  in  ear,  with  literature),  Glasg. 
Med.  Jour.,  1875,  vii.,  34 ;  Leber,  Berl.  Klin.  Wochenschr.,  1882 ;  Schubert, 
Deutsch.  Arch.  f.  Klin.  Med.,  xxxvi. ;  Carter,  Mycetoma  or  the  fungus  dis.  of 
India  (with  coloured  plates),  1874;  Lewis  and  Cunningham,  Fungus  dis.  of  India, 
1875 ;  included  also  in  Lewis's  Physiol,  and  pathol.  researches,  1888 ;  Moxon 
and  Hogg,  Path,  trans.,  1869,  p.  411 ;  Eisenberg,  Bakteriolog.  Diagnostik,  1888 ; 
Kanthack,  Journ.  of  Path.,  i.,  140,  1892;  Hewlett,  Lancet,  1892,  ii. ;  Boyce 
and  Surveyor,  Proceedings  of  Koyal  §oc,  1893;  Vincent,  Ann.  de  PInst.  Pasteur, 
viii.,  129,  1894. 
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SECTION  XI. 
ANIMAL  PARASITES. 

A.  Entozoa  or  Internal  Parasites,  their  general  characters  and  effects.  I. 
Protozoa.  (1)  Amoeba.  (2)  Coccidia.  (3)  Haematozoa  of  malaria.  II. 
Trematoda  or  Flukes,  chiefly  Distoma  hepaticum,  sinense,  and  haematobium. 
III.  Cestoda  or  tape- worms.  (1)  Taenia  solium,  structure  and  development  ; 
Cysticercus  0611111080-,  its  scolex  form.  (2)  Taenia  mediocanellata.  (3)  Taenia 
echinococcus,  forming  hydatids  ;  its  cysts,  brood-capsules,  heads  and 
laminated  membrane.  (4)  Bothriocephalus  latus.  Other  tape-worms.  IV. 
Nematoda  or  Round- worms.  (1)  Trichina  spiralis,  its  embryonic  and  adult 
forms  ;  effects  of  migrations.  (2)  Ascaris  lumbricoides.  (3)  Oxyuris  vermi- 
cularis.  (4)  Trichocephalus  dispar.  (5)  Dochmius  duodenalis.  (6)  Filaria 
medinensis.  (7)  Filaria  sanguinis,  its  periodicity  in  the  blood  ;  relation  to 
chylous  urine  and  lymph-scrotum. 

B.  Epizoa  or  External  Parasites.     (1)  Arachnids?,  chiefly  Acarus  scabiei  and 

Pentastomum  denticulatum.  (2)  Insecta,  chiefly  Pediculi  and  Pulex  irritans. 
Larvae  of  insects  in  wounds,  skin,  and  bowels. 

rpHE  Animal  Parasites  represent  a  much  wider  extent  of  the  animal 
kingdom  than  the  vegetable  parasites  do  of  the  vegetable 
kingdom.  We  have  the  lowliest  forms  of  animal  life,  the  protozoa, 
comparable  with  the  bacteria  in  respect  that  they  are  unicellular 
organisms,  and  we  have  animals  as  highty  organized  as  the  Insects. 
With  this  great  variety  in  organization  Ave  have  also  great  differ- 
ences in  seat,  effects,  and  other  characteristics. 

The  Animal  Parasites  live  in  or  on  the  living  tissues  of  the 
affected  animal,  which  is  called  their  host,  albeit  involuntary.  They 
produce  their  effects,  partly  by  using  up  the  nutritive  material  of 
the  body,  partly  by  irritating  and  injuring  the  structures,  and  partlv 
also,  as  is  probable  in  some  instances,  by  producing  toxic  agents. 
This  last  is,  however,  in  the  case  of  the  animal  parasites,  a  very 
infrequent  effect  as  compared  with  that  of  vegetable  parasites. 

I.— PROTOZOA. 

The  uni-cellular  organisms  at  the  lowest  position  in  the  animal 
kingdom  are  by  no  means  so  well  known  as  the  corresponding  vege- 
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table  organisms.  Of  late  years  much  attention  has  been  paid  to 
them,  and  there  are  indications  that  there  may  be  in  their  case  a 
wide  field  of  pathogenesis  still  to  be  discovered.  The  presence  of 
protozoa  in  the  blood  in  malaria  suggests  that  in  some  of  the 
specific  fevers  agents  of  this  class  may  exist.  It  is  to  be  noted 
that  amongst  the  Exanthemata  there  is  only  one,  namely,  Typhoid 
fever,  whose  infective  agent  is  known  as  one  of  the  bacteria. 

In  this  early  stage  of  the  inquiry  modes  of  isolation  and  of  culti- 
vation are  still  to  a  large  extent  to  be  discovered.  It  is  scarcely  to 
be  expected  that  the  same  media  will  be  suitable  for  animal  organisms 
as  for  vegetable.  For  a  similar  reason  the  morphology  and  classifi- 
cation of  the  group  is  also  in  an  initial  stage. 

1.  Amoeba. — This,  the  lowliest  form  of  animal  life,  consists  of  a 
mass  of  contractile  substance  with  a  nucleus. 

Many  authors  have  described  the  Amoeba  coli  as  of  constant 
occurrence  in  epidemic  dysentery.  It  is  present  in  the  stools  and 
in  the  lesion  in  the  intestine.  It  is  also  found  in  the  lesions  of  the 
liver,  met  with  as  secondary  results  in  dysentery.  According  to 
Osier  there  is  not  in  dysentery  a  suppurative  inflammation  such  as 
results  from  the  action  of  pyogenic  microbes,  but  a  progressive 
^edematous  condition  and  necrosis  of  the  tissue,  along  with  prolifera- 
tion of  the  fixed  cells  of  the  tissues.  In  the  liver  also,  unless  there 
is  an  addition  of  pyogenic  agents,  there  is  no  proper  suppuration, 
few  multinuclear  leucocytes  being  present,  but  rather  a  necrosis  of 
the  liver  tissue.  The  amoeba  has  been  observed  in  epidemics  in 
several  countries,  in  Egypt  by  Kartulis,  in  Russia  by  Losch,  and  in 
America  by  Councilman,  Lafleur,  and  Osier. 

2.  Coccidia.  Psorospermia. — These  belong  to  the  class  of  Sporozoa, 
•or  unicellular  animals  with  a  smooth  cuticle.  They  have  little  power 
-of  movement.  These  parasites  are  common  in  the  lower  animals, 
constituting  the  condition  of  Coccidiosis  or  Psorospermosis,  chiefly 
of  the  liver  and  intestine. 

Coccidiosis  is  very  frequent  in  the  liver  in  rabbits,  both  wild  and 
tame.  It  appears  in  the  form  of  whitish  nodules,  often  in  considerable 
mumbers,  which  may  attain  to  the  size  of  a  hazel-nut.  As  a  large 
•proportion  of  rabbits  is  affected,  and  as  it  is  especially  prevalent 
in  the  young,  the  disease  is  obviously  not  a  very  serious  one.  The 
white  nodules  when  incised  yield  a  yellow-coloured  debris  in  which 
innumerable  oval  bodies  are  present,  the  coccidium  oviforme,  which 
closely  resemble  the  ova  of  parasitic  entozoa.  Closer  examination 
shows  that  the  lesions  in  the  liver  are  related  to  the  bile  ducts,  and 
that  there  is  a  new-formation  of  tissue  such  as  to  form  a  cyst  with 
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papillomatous  projections 
parasite  appears  first  in 
granular   body,  which 
grows   at   first  in  the 
substance   of  the  epi- 
thelium, distending  it  as 
shown    in    Fig.  169. 
The  parasite  finally  be 
conies  free  and  acquires 
its  thick  cuticle.  These 
facts  are  of  importance 
as    showing    that  the 
presence  of  this  parasite 
In  the  epithelium  pro- 
duces    new  -  formation 
not  only  of  the  epithe- 
lium, but  of  the  connec- 
tive   tissue,   so   as  to 
produce  a  cystic  lesion 
of    definite  structure. 
Coccidiosis  also  occurs 
in  the  intestine  of  some 
animals.     Nocard  has 
described  a  case  in  the 
sheep  in  which  many 
small  tumours  in  the 
mucous   membrane  of 
the    intestine     had  a 
structure  comparable 
with  that  of  the  cocci- 
dial  lesions  in  the  liver. 

Few  cases  of  a  simi- 
lar nature  have  been 
observed  in  man,  but 
Gubler  has  related  a 
case  in  which  the  liver 
was  the  seat  of  twenty 
tumours  of  cancerous 
appearance,  mostly 
about  the  size  of  chest- 
nuts, but  one  of  very 
large  dimensions.  The 


from  its  wall.  (See  Figs.  168  and  169).  The 
the  epithelial  cells  in  the  form  of  a  small 


Fig.  168.— Coccidiosis  of  liver  of  rabbit.  Dilated  ducts 
with  papillary  ingrowths  are  shown.  Below  is  liver  tissue, 
x  100. 


Fig.  1(30.— Coccidiosis  of  liver.  Part  of  preceding  figure. 
Papillary  structure  shown  with  three  nearly  fully  formed 
coccidia^  two  on  the  left  and  one  on  the  right  near  the 
summit  of  the  papilla.     X  450. 


patient  died  from  peritonitis.    The  tumours 
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were  found  encapsuled,  and  contained  internally  a  creamy  fluid  which 
presented  countless  egg-like  bodies  having  the  characters  of  coccidia. 
A  few  additional  cases  have  been  observed,  but  not  with  such  pro- 
nounced lesions. 

Meischer's  or  Rainey's  tubes  are  elongated  granular  bodies  found 
in  the  muscular  substance  of  some  animals,  swine,  cattle,  sheep,  and 
mice.  They  are  supposed  to  be  parasitic  protozoa  but  their  nature 
is  very  obscure.  Although  found  in  many  different  animals,  some- 
times in  large  numbers,  they  have  not  been  observed  in  man. 

Molluscum  contagiosum,  which  from  its  anatomical  characters  is 
also  called  Epithelioma  contagiosum,  presents  conditions  strongly 
suggestive  of  coccidia  and  somewhat  resembling  the  phenomena  of 
coccidiosis.  The  disease,  which  is  contagious,  consists,  as  shown  in 
Fig.  170,  of  new-formed  epithelial  structures  continuous  with  the 


Fig.  170. — Molluscum  contagiosum,  section  on  the  flat.  The  new-formed  epidermis 
forms  the  bulk  of  the  tumour  ;  the  central  part  is  occupied  by  the  molluscum 
bodies,    x  12. 

epidermis.  It  is  a  proper  epithelial  tumour,  the  little  nodules  some- 
times growing  to  a  diameter  of  almost  half  an  inch.  The  more 
central  cells  are  occupied  by  bodies  which  in  the  earlier  or  outer 
zones  are  in  the  form  of  small  granular  structures,  with  difficulty 
distinguishable  from  the  protoplasm  of  the  cells.  These  bodies  grow 
and  push  the  nucleus  aside.  Finally  they  assume  a  capsule  and 
are  converted  into  oval  glancing  bodies  closely  resembling  coccidia. 
These   are   usually  called  molluscum   bodies.     If  they   be  really 
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parasites,  then  we  have  here  again  a  tumour-like  tissue  produced 
by  protozoa.  It  is  to  be  noted  here  also  that  the  peculiar  bodies 
are  closely  associated  with  the  epithelial  cells,  and  that  they  grow 
in  their  protoplasm  till  they  reach  a  state  of  maturity. 

Other  diseases  of  the  skin  have  been  found  associated  with  bodies 
believed  to  be  coccidia  or  psorosperms.  Amongst  these  is  Paget's 
disease  of  the  nipple.  The  disease  is  an  inflammatory  condition  of 
the  skin  having  the  usual  anatomical  features.  It  has  been  pointed 
I  out  by  Darier  and  Wickham  that  the  epithelial  cells  in  this  disease 
contain  bodies  having  the  characters  of  coccidia.  It  is  of  importance 
to  note  that  the  disease  in  question  is  not  infrequently  followed  by 
cancer  of  the  mamma,  and  that  the  parasites  are  also  found  in  the 
epithelial  cells  of  the  cancer. 

This  subject  becomes  of  extreme  importance  from  the  fact  that 
I  similar  bodies  have  been  found  in  the  epithelial  cells  in  cancers,  and 
!  more  recently  in  the  cells  of  sarcomas.  This  subject  has  been  already 
j  dealt  with  at  p.  297. 

3.  Hsematozoon  of  malaria,  or  paludism. —  This  parasite,  the 
knowledge  of  which  we  owe  to  Laveran  in  the  first  instance,  belongs 
to  the  protozoa  and  to  the  class  of  sporozoa,  being  nearly  allied  to 
the  coccidia.  It  has  been  called,  by  the  Italian  observers  Marchiafava 
and  Celli,  the  Plasmodium  malarise,  but  this  name  is  objected  to  by 
Laveran  as  the  bodies  are  not  plasmodia.  The  parasite  exists  in 
the  blood  in  several  forms,  which, 
however,  are  merely  phases  of  the 
same  organism.  The  forms  de- 
scribed by  Laveran  are  the  fol- 
lowing :- — 

(a)  Spherical  bodies. — This  is 
the  commonest  form.  They  have 
the  appearance  in  unstained  speci- 
mens of  small  clear  spots  in  the 
red  corpuscles,  but  take  a  blue 
colour  with  methyl-blue  (see  Fig. 
171,  a),  and  they  usually  have 
one  or  more  granules  of  pigment 

.,                *      ii                     7  Fi£-  171.— Hsematozoa  of  malaria  in  blood, 

in    ttiem.       AS    they    grOW    larger  dried  and  stained.    In  the  midst  of  normal  red 

,i                         D                                -,  corpuscles  are  seen  the  following-: — a.  a,  a,  a, 

the   number  01    pigment   granules  Spherical  bodies  adherent  to  red  corpuscles  ;  b, 

•                  mi             i-i  two  free  spherical  bodies ;  c,  two  crescents  ; 

increases  in  them.     I  hese  Spherical  d,  segmented  body  ;  e,  e,  leucocytes.  (After 

bodies  are  sometimes  free  in  the    Laveran-)  x  2j0- 

liquor  sanguinis  (b  in  figure),  at  other  times  attached  to  red  corpuscles, 

and  they  evidently  live  at  the  expense  of  the  red  corpuscles.  Under 
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their  influence  the  corpuscles  become  pale  and  ultimately  disappear, 
the  pigment  in.  the  parasites  being  derived  from  the  red  corpuscles. 
The  spherical  bodies  possess  a  slow  amoeboid  movement,  and  they 
increase  by  fission. 

(b)  Flagella  — These  are  found  both  attached  to  the  spherical  bodies 
and  free  (see  Fig.  171,  e  and  /).  The  flagella  are  not  pseudopodia 
of  the  amoeboid  bodies,  but  after  formation  they  free  themselves  from 
these.  They  are  very  translucent  and  difficult  to  observe,  unless  by 
their  very  active  movement  they  cause  currents  in  the  blood.  This 
is  best  seen  when  they  are  attached  to  the  spherical  bodies.  The 
flagella  are  thus  regarded  as  in  some  respects  independent  bodies, 
and  the  suggestion  has  been  made  that  the  spirilla  of  relapsing  fever 
may  be  bodies  of  a.  similar  nature. 

(c)  Crescentic  bodies. — These  are  very  definite  bodies  in  the  form 
of  crescents  with  collections  of  pigment  in  the  central  part  (Fig. 
171,  g,  g).  A  fine  curved  line  is  usually  seen  joining  the  two 
extremities  of  the  crescent  across  its  concave  aspect.  This  is  probably 
the  remains  of  a  red  corpuscle,  and  the  crescent  forms  at  the  expense 
of  the  corpuscle. 

(d)  Rosette-shaped  bodies. — These  are  spherical  bodies,  pigmented 
in  the  centre  and  regularly  segmented.  These  are  of  importance, 
according  to  Golgi,  as  representing  the  principal  mode  of  multipli- 
cation of  the  parasite. 

In  addition  to  these  forms 
of  the  parasite,  leucocytes  con- 
taining pigment  are  to  be  seen 
(see  h  in  figure). 

The  pathology  of  malarial 
fevers  is  to  be  explained  by  the 
action  of  these  parasites.  Their 
most  obvious  effect  is  destruc- 
tion of  the  blood-corpuscles,  and 
this  explains  the  anaemia  which 
is  so  manifest  in  malaria. 
Melanaemia  or  black  pigment 
in  the  blood  has  long  been  ob- 
served in  malarial  cases,  and  it 
finds  its  explanation  in  the  pig- 
ment granules  produced  by  the 
parasite.  The  spleen  seems  to 
be  the  organ  in  which  the  parasite  mostly  congregates. 

The   hsematozoa  sometimes  accumulate    in    the  smaller  vessels. 


Fig.  172.— Hfematozoa  of  malaria  in  vessel  of 
brain.  The  round  or  oval  bodies  are  shown  with 
pigment  granules  in  them.  (Photograph  from 
specimen  prepai^ed  by  Golgi.)    X  1500. 
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especially  those  of  the  brain  (see  Fig.  172),  and  so  produce  embolism, 
which  may  be  of  a  temporary  character.  This  is  the  explanation 
given  of  certain  of  the  nervous  symptoms  in  malaria.  The  obstruc- 
tion may  be  in  the  small  arteries  or  capillaries.  In  prolonged  attacks 
the  parasite  produces  in  certain  organs  the  phenomena  of  chronic 
inflammation.  This  is  chiefly  manifested  in  the  spleen,  where  there 
is  thickening  of  the  connective  tissue,  leading  to  an  induration  of 
the  organ,  the  so-called  ague-cake.  In  the  acute  periods  the  spleen 
is  enlarged  and  soft,  sometimes  diffluent.  Chronic  inflammations  of 
the  liver,  kidneys,  and  lung,  sometimes  ensue. 

The  blood  may  be  examined  for  the  hasmatozoon  either  in  the  fluid  state  or 
after  drying.  The  finger  of  the  patient  should  be  carefully  washed  first  with 
water,  then  with  alcohol,  and  thoroughly  dried.  The  slide  and  cover  glass 
should  also  be  thoroughly  cleaned.  The  first  drop  of  blood  which  appears  after 
pricking  should  be  rejected  and  a  minute  drop  procured  by  pressure.  The  cover 
glass  is  brought  in  contact  with  this,  and  may  be  immediately  dropped  on  the 
slide  and  examined  fresh.  The  central  parts  keep  fluid  for  some  hours.  To 
obtain  dry  preparations  the  cover  glass  with  a  small  drop  of  blood  is  at  once 
placed  on  another  cover  glass.  The  blood  spreads  out  in  a  thin  layer,  and  the 
two  glasses  may  be  separated  by  sliding  them  asunder  on  the  flat.  The  films 
quickly  dry,  and  are  fixed  by  passing  through  the  flame  of  a  lamp  three  times 
the  film  being  uppermost.  A  good  way  of  fixing  is  to  place  on  the  film  a  few 
drops  of  alcohol  and  ether,  equal  parts,  and  allow  it  to  dry  (Eoux).  The  dry 
film  may  be  examined  as  it  is,  and  may  be  fixed  on  a  slide  with  paraffin,  or 
it  may  be  stained  with  aqueous  solution  of  methyl-blue  (30  seconds),  or  first 
with  aqueous  solution  of  eosine  and  then  of  methyl-blue  (30  seconds  of  each). 
It  is  then  examined  dry  or  in  Canada  balsam. 

Hsematozoa  have  been  observed  in  some  of  the  lower  animals 
by  a  number  of  observers.  They  have  been  very  fully  described  in 
birds  (Danilewsky  and  others).  In  Texas  fever,  a  disease  of  cattle, 
haematozoa  have  been  observed  by  Smith.  This  disease  is  charac- 
terized by  hemoglobinuria,  and  is  obviously  the  same  disease  as 
that  observed  by  Babes  in  Hungary,  and  described  by  him  under 
the  name  Epidemic  hemoglobinuria  of  cattle.  This  author  finds 
what  he  regards  as  a  diplococcus  which  passes  into  the  substance  of 
the  red  corpuscles  and  brings  about  their  destruction.  The  parasites 
are  mostly  in  the  blood-vessels  of  the  parenchymatous  organs,  and 
especially  of  the  kidney.  It  is  not  improbable  that  the  parasite 
here  concerned  may  be  a  protozoon. 

Literature. — L.  Pfeiffer,  Die  Protozoa  als  Krankheitserreger,  1891.  Amceba 
coli — Losch,  Virch.  Arch.,  vol.  lxv.,  1875;  Kaetulis,  Centralbl.  f.  Bacter.,  ii.,  1887, 
and  ix.,  1891;  Councilman  and  Lafleur,  Johns  Hopkins'  Hosp.  Eep.,  ii.,  1891: 
Osler,  Pract.  of  Med.,  1892.    Coccidia— Delepine,  Trans.  Path.  Soc,  xli.,  1890 ; 
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Leuckart,  Transl.  by  Hoyle,  1886;  Gubler,  Keport  in  Davaine,  Traite  des 
entozoaires,  2nd  ed.,  1877,  p.  268 ;  Nocard,  Journ.  of  Path.,  vol.  i.,  p.  404,  1893 ; 
Darier,  Ann.de  Dermat.,  x.,  1889;  Wickham,  Arch,  de  path,  exper.,  ii.,  1890; 
Hutchinson,  Path,  trans.,  xli.,  p.  214,  1890.  Hcemato7,oa — Laveran,  various 
papers  dating  from  1881,  and  systematic  work  Paludism,  transl.  by  Syd.  Soc, 
1893 ;  Marchiafava  and  Celli,  various  papers  from  1883,  and  contribution  to 
Festschrift  of  Virchow,  1891;  Golgi,  Ziegler's  Beitriige,  iv.,  1889,  vii.,  1890; 
Danilewsky,  La  parasitologic  comparee  du  sang,  1889;  Ann.  de  l'Inst.  Pasteur, 
iv.,  1890;  Sakharoff,  Ann.  de  l'Inst.  Pasteur,  vii.,  1893;  Smith,  Sixth  and  Seventh 
Keports  of  the  Bureau  of  Anim.  Industry,  Washington,  1891 ;  Babes,  Virch.  Arch., 
vol.  cxv.,  1889. 

II.  — TREMATODA.  FLUKES. 

We  have  here  an  order  of  flat-worms  of  a  more  or  less  oval  shape, 
and  many  of  them  somewhat  in  the  form  of  a  leaf.  They  possess, 
on  the  ventral  surface,  one  or  more  sucking  discs  by  which  they 
attach  themselves.  They  have  only  one  opening  of  the  alimentary 
canal,  which  is  generally  forked.  These  worms  are  commonly  called 
Flukes  from  the  resemblance  in  shape  of  the  commonest  of  them  to 
the  fish  of  that  name.  The  various  forms  inhabit  the  bile  ducts, 
except  the  Distoma  haematobium,  which  is  found  in  the  veins  of  the 
portal  system. 

Distoma  hepaticum. — This  is  the  commonest  worm  of  this  order.    As  the  name 
implies,  it  is  met  with  in  the  liver,  where  it  inhabits  the  bile  duets.    The  liver  I 
fluke  is  generally  about  an  inch  in  length  (Fig.  173)  and  rather  more  than  half 
an  inch  in  greatest  breadth.    The  body  is  very  flat,  and  anteriorly 
it  ends  in  an  elongated  process,  forming  a  kind  of  head.  This 
head  bears  the  mouth,  and  a  short  distance  behind  it  comes  the 
sucking  disc.    Between  these  lies  the  opening  of  the  sexual  appa- 
ratus, both  male  and  female  organs  existing  in  each  individual. 
The  uterus  forms  a  convoluted  tube  behind  the  sexual  opening, 
and  the  seminal  tubules  lie  still  further  back.    This  parasite  is 
very  common  in  certain  of  the  lower  animals,  especially  sheep. 
It  occurs  in  enormous  numbers  in  the  bile  ducts,  which  are  dilated 
by  it.    As  many  as  1,000  have  been  obtained  from  a  single  sheep. 
It  produces  in  sheep  the  disease  called  commonly  the  rot,  which 
in  some  years  is  very  fatal.    It  is  said  that  in  1830-31  between 
Fig.  173.— Dis-    0ne  and  two  million  sheep  perished  from  it.    It  occurs  also  in 
(L^^artO11111     oxen,  where  it  produces  more  considerable  alterations  of  the  ducts. 

These  become  greatly  dilated,  thickened  by  inflammation,  and 
encrusted  with  lime.  It  sometimes  happens  that  masses  of  inspissated  bile  and 
lime  salts  form  in  the  liver  where  the  flukes  are  present.  It  is  probable  that  in 
these  cases  many  of  the  parasites  have  died  and  become  themselves  the  seat  of 
incrustation.  This  fluke  has  also  been  met  with  in  horses  and  asses,  and  in 
some  rare  cases  in  man.  In  man  it  has  not  been  observed  in  large  numbers, 
but  it  may  produce  serious  obstruction  of  the  bile  ducts. 


TREMATODA.  FLUKES. 


373 


The  eggs  of  this  parasite  are  small  oval  bodies,  which,  in  water,  develop  into 
embryoes  which  swim  about  by  the  aid  of  cilia.  The  intermediate  host  of  the 
distoma  hepaticum,  which  long  eluded  observation,  is  now  known  to  be  a  small 
gasteropod  possessed  of  a  thin  spiral  shell,  the  Limncea  truncatula.  This  mollusc, 
whose  shell  only  measures  about  1  cm.  in  length,  is  most  cosmopolitan  in  its 
distribution. 

Distoma  lanceolatum. — This  form  of  fluke  is  less  than  three-eighths  of  an  inch 
in  length,  and  about  the  fifteenth  of  an  inch  in  breadth.  It  is  seldom  seen  in 
man,  and  occurs  in  comparatively  small  numbers  in  sheep  and  cattle,  producing 
little  disturbance. 


Distoma  sinense  or  spathulatum. — This  parasite  has  been  met  with 
in  the  East,  and  described  by  M'Connell  in  the  Lancet  in  1875,  and 
independently  by  Macgregor  in  the  Glasgow  Medical  Journal  in  1877. 
Although  a  much  smaller  worm  it  is  of  a  more  elongated  shape  than 
the  distoma  hepaticum,  as  will  be  seen  from  Fig.  174.  It  is  rather 
more  than  half  an  inch  in  length,  and  about  an 
eighth  of  an  inch  in  greatest  breadth.  When  seen 
in  the  bile  in  the  fresh  state  the  edges  show  a 
beautiful  delicate  green  colour,  tinged  with  yellow, 
while  the  centre  is  of  a  deep  brown.  In  the 
accompanying  figure  the  position  and  appearances 
of  the  various  organs  are  indicated.  The  eggs 
are  very  small,  and  each  animal  possesses  thou- 
sands. This  parasite  is  of  very  frequent  occur- 
rence in  China  and  Japan,  especially  the  latter, 
where  it  constitutes  a  serious  malady.  It  is 
found  in  very  large  numbers  in  the  bile  ducts 
and  gall-bladder,  and  produces  symptoms  like 
those  produced  in  animals  by  the  distoma  hepa- 
ticum. The  liver  enlarges  and  becomes  painful, 
and  there  is  a  gradual  loss  of  strength  and 
nutrition.  Latterly  diarrhoea,  ascites,  cedema  of 
the  feet,  and  general  cachexia  result. 

Distoma  pulmonale  or  Ringeri. — This  is  also 
a  parasite  prevalent  in  Japan,  Formosa,  etc. 
According  to  Manson  it  is  present  in  15  per  cent, 
of  the  inhabitants  of  Formosa.  It  is  a  short, 
plump  worm  about  a  cm.  in  length  ;  the  trans- 
verse section  is  nearly  circular.  It  is  found  in 
the  lungs  enclosed  in  little  capsules  formed  of 
connective  tissue.  It  gives  rise  to  cough  and  haemoptysis.  In  the 
sputum  the  eggs  of  the  worm  are  present  sometimes  to  the  number 
of  several  thousands  daily.    A  case  has  been  recorded  by  Yamagiwa 


Fig.  174. — Distoma  si- 
nense :  a,  oesophagus  and 
stomach  tubes ;  b,  uterus ; 
c,  yolk  glands  ;  d,  ovary ; 
e,  testes  ;  /,  termination 
of  water  vascular  system, 
x  5.  (After  Macgregor.) 
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in  which  the  ova  of  this  parasite  produced  embolism  of  the  brain  with 
symptoms  of  Jacksonian  epilepsy. 

Distoma  haematobium. — This  parasite,  also  called  the  Bilharzia 
hsematobia,  has  the  male  and  female  organs 
in  different  individuals.  The  male  is  about 
half  an  inch  in  length,  and  flat,  but  rolled 
up  at  the  edges,  especially  behind,  so  as  to 
form  a  kind  of  gutter  in  which  the  female 
lodges.  The  female  is  about  a  half  longer, 
but  filiform.  The  eggs  are  small  and  fur- 
nished with  a  spine  at  the  end  or  at  the 
side  (see  Fig.  175). 

The  parasite  inhabits  the  blood-vessels  of 
its  host,  chiefly  the  portal  vein,  the  splenic 
and  mesenteric  veins,  and  those  of  the  rectum  and  bladder.  The 
ova  penetrate  the  walls  of  the  vessels  as  shown  in  Fig.  176,  which 


Fig.  175.— Egg  of  Bilharzia 
(distoma  haematobium)  from  the 
urine.    X  230. 


Fig.  176. — Ova  of  Bilharzia  in  wall  of  portal  vein,    x  60. 


is  a  photograph  from  the  portal  vein.  The  penetration  of  the  eggs 
in  large  numbers  into  the  mucous  membrane  of  the  rectum  and 
urinary  bladder  produces  great  irritation  and  frequently  haemorrhage. 
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Similar  irritation  may  be  produced  in  the  pelvis  of  the  kidney  and 
ureters.  The  eggs  are  found  in  the  bloody  discharges  from  the 
intestine  and  in  the  urine.  This  parasite  is  met  with  almost  solely 
in  Egypt  and  Abyssinia,  and  it  is  said  that  in  Egypt  about  half  the 
natives  are  victims  of  it. 

Literature. — Leuckart,  in  general.  Distoma  hepaticum — Weinland,  Arch.  f. 
Naturgeschichte,  ii.,  1874;  Thomas,  History  and  full  account,  Quar.  Jour,  of  Mic. 
Sc.,  1883.  Human  Distomata — M'Connell,  Lancet,  1875  ;  Macgregor,  Glasg.  Med. 
Jour.,  1877 ;  Baelz,  Beii.  Klin.  Wochenschr.,  1883  ;  Manson,  Med.  Times  and 
Gaz.,  1881  and  1882 ;  Yamagiwa,  Virch.  Arch.,  cxix.,  1890. 

III.  CESTODA.    TAPE- WORMS. 

These  are  in  the  mature  state  long  flat  worms,  without  mouth 
or  alimentary  canal.  Anteriorly  there  is  a  head  furnished  with  some 
apparatus  for  attaching  itself  to  the  host.     Behind  the  head  and 


size.    (Leuckart.)  Fig-  178.— Coenurus  of 


taenia  serialis  from  peri- 
toneal cavity  of  a  rabbit. 
Many  heads  in  a  single 
cyst.    (Natural  size.) 

I  neck  the  worm  forms  a  series  of  segments  called  Proglottides,  each 
of  which  develops  a  bi-sexual  apparatus,  and  is,  so  far,  a  complete 

j  individual.  The  adult  worm  or  Strobilus  is  therefore  a  colony  of 
individuals.  The  worm  inhabits  the  alimentary  canal,  and  apparently 
occurs  only  in  vertebrate  animals.  Besides  this  adult  form  there  is 
an  intermediate  immature  form,  called  the  Scolex,  which  occurs  in 

I  the  tissues  of  animals.  The  scolex  has  a  head  like  that  of  the 
mature  worm,  and  generally  possesses  a  sac  or  cyst  into  which  it 

I  can  retire.  In  the  case  of  many  of  the  tape-worms  the  scolex  form 
has  been  described  independently  of  the  adult,  and  often  in  ignorance 

j  of  the  connection,  under  the  name  of  Bladder-worms.    There  is  thus 
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a  bladder-worm  for  each  tape-worm.  The  bladder-worms  of  the 
various  tape-worms  are  divisible  into  three  principal  forms,  namely, 
Cysticercus,  in  which  each  cyst  has  a  single  head,  and  is  therefore 
small  in  size  (see  Fig.  177)  ;  CoBnurus^in  which  the  bladder,  although 
single,  develops  several  heads  (see  Fig.  178) ;  and  Echinococcus  or 
hydatids,  in  which  there  are  complicated  vesicles,  and  the  heads 
are  grouped  inside  secondary  cysts. 

There  are  representatives  of  two  families  of  tape-worms  met  with 
in  man,  namely,  Taenia  and  Bothriocephalus.  To  prevent  repetition, 
the  general  anatomical  features  are  somewhat  fully  given  in  the 
description  of  the  form  taken  first. 

1.  TaBnia  solium. — This  form  is  of  very  common  occurrence  in 
this  country,  but  that  taken  next  is  probably  as  frequent,  if  not 
more  so.  The  strobilus  or  mature  worm  occurs  in  the  alimentary 
canal,  and  the  head  is  usually  situated  in  the  duodenum  or  upper 
part  of  the  jejunum,  while  the  rest  of  the  animal  extends  down- 
wards in  the  canal,  attaining  on  an  average  a  length  of  from  ten 
to  twelve  feet.  As  already  mentioned,  this,  like  other  tape-worms, 
has  no  alimentary  canal,  and  supports  itself  by  imbibition  of 
nutritious  material  from  the  intestine. 

The  head  of  the  worm,  which  is  represented  in  Fig.  179,  is  about 
the  size  of  a  pin's  head,  and  of  a  generally 
rounded  form.  In  front  it  is  prolonged  so 
as  to  form  a  proboscis  or  rostellum,  which  is 
surrounded  by  a  circle  of  twenty-six  hooklets, 
which  are  alternately  larger  and  smaller  (see 
Fig.  186).  The  wide  part  of  the  head  has 
four  large  sucking  discs.  On  the  head  follows 
a  narrow  neck,  which  is  so  thin  that  it 
readily  breaks  when  the  worm  is  handled, 
rendering  it  difficult  to  obtain  the  small  head. 
The  proper  neck  is  about  half  an  inch  in 
length,  and  it  gradually  merges  in  the  anterior 
part  of  the  body,  in  which  fine  transverse  lines 
begin  to  appear  as  the  first  indications  of  the 
formation  of  segments.  On  passing  down, 
the  worm  increases  in  breadth,  while  the  seg- 
x  45?'  (LtoIrt.)*  T' solium'  ments  elongate  and  become  more  completely 
divided.  At  first  the  segments  or  proglottides 
are  homogeneous  in  appearance,  but  by  and  by  the  sexual  apparatus 
begins  to  appear.  The  total  number  of  segments  in  a  worm  ten 
feet  in  length  is  about  800.'  The  sexual  apparatus  begins  to  appear 
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about  the  200th  segment  from  the  front,  and  is  mature  about  the 
450th  ;  it  consists  of  the  male  and  female  organs,  which  are  present 
in  each  segment.  In  the  fully  matured  segment  the  ova  are  visible, 
and  when  a  proglottis  is  dried  on  a  glass  slide  they  indicate  the 
form  of  the  uterus,  which  in  this  tape-worm  consists  of  a  central 
stem  and  ramifying  lateral  branches  to  the  number  of  seven  to  ten 
(see  Fig.  180). 


( 


tubes,  vagina,  globular  body,  yolk  body, 
Fig.  180. — Two  ovaries,   and  unbranched    uterus.      x  10. 

ripe  proglottides  (L  buck  art.) 

of  T.  solium,  with 
branches  of  uter- 
us shown,  x  '2. 
(Leuckart.) 

The  male  organs  consist  of  a  large  number  of  vesicles  scattered  throughout  the 
segment,  as  shown  in  Fig.  181,  but  more  abundant  anteriorly,  as  the  female 
organs  occupy  the  space  behind.  The  vesicles  are  connected  with  fine  seminal 
tubules,  which  are  difficult  to  make  out,  and  are  shown  in  the  figure  as  fine 
branching  lines.  These  end  in  a  slightly  convoluted  tube,  the  vas  deferens, 
which  is  generally  very  distinct,  and  this  passes  across  the  segment  to  the 
papilla,  a  slight  projection  at  the  side  of  the  segment  into  which  the  male  and 
female  sexual  organs  open.  At  the  papilla  the  vas  deferens  ends  in  a  projectile 
penis,  which  is  capable  of*  passing  into  the  extremity  of  the  female  organ,  the 
first  part  of  which  is  called  the  vagina. 

The  vagina  forms  a  canal  which  passes  transversely  across  the  segment  towards 
the  middle  line  and  tends  also  backwards,  to  end  in  a  somewhat  globular  dilata- 
tion, sometimes  called  the  Globular  body  or  shell-gland,  or  Mellis's  body.  The 
connections  of  this  body  are  difficult  to  make  out,  but  they  may  be  stated  as 
follows,  and  understood  by  the  annexed  Figs.  181  and  182.  In  the  posterior 
part  of  the  segment,  as  shown  in  Fig.  181,  are  seen  on  either  side  the  compara- 
tively large  ovaries,  forming  tree-like  expansions,  consisting  of  a  congeries  of 
closed  tubes.    The  ovaries  have  ducts  which  pass  into  the  globular  body.  Behind 
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the  ovaries  and  the  globular  body  is  the  yolk  gland,  which  is  of  a  somewhat 
pyramidal  shape  and  spread  out  laterally.  This  also  communicates  with  the 
globular  body  in  front  of  it.  Besides  these  communications  the  globular  body, 
which  is  thus  the  central  part  of  the  female  organs,  communicates  with  the 
uterus  in  front.  At  the  period  of  development  shown  in  figure  the  uterus  con- 
sists of  a  simple  tube  extending  longitudinally  in  the  middle  of  the  segment.  It 
will  thus  be  observed  (Fig.  182)  that  the  globular  body  has  communication  with 
four  distinct  structures,  a  with  the  yolk-sac,  b  with  the  ovaries,  c  with  the  vagina, 
and  d  with  the  uterus.  The  eggs  pass  from  the  ovaries  first  into  the  globular 
body,  where  they  receive  a  covering  of  yolk,  are  fertilized,  and  undergo  the 


beginning  of  their  development.  Then  they  pass  into  the  uterus,  which  they 
till  up.  As  the  ova  accumulate  in  the  uterus,  this  begins  to  throw  out  lateral 
branches  to  the  number  of  seven  to  ten  (see  Fig.  183).  The  lateral  branches 
often  show  considerable  ramifications  in  this  respect,  and  in  their  number  con- 
trasting with  those  of  the  next  tape-worm.  In  the  fully  mature  proglottis  only 
the  uterus  crowded  with  ova  is  visible,  the  remaining  organs  having  disappeared 
(see  Fig.  180).  The  prominent  ova  often  make  the  position  and  shape  of  the 
uterus  very  distinct,  especially  if  the  proglottis  be  spread  out  on  a  glass  slide 
and  allowed  to  dry. 

Besides  the  sexual  organs  the  proglottides  possess  muscular  fibres,  and  a  water- 
vascular  system.  The  muscle  is  non- striated,  and  consists  of  longitudinal  and 
transverse  bundles.  The  water-vascular  or  excretory  system  (shown  in  Figs. 
181  and  183)  is  in  the  form  of  tolerably  wide  channels,  which  begin  at  the  head 
and  are  continued  through  the  proglottides  by  two  lateral  channels  right  down 
to  the  last,  where  they  open  outwards.  Near  the  posterior  extremity  of  each 
proglottis  the  tubes  form  transverse  communications  (see  figures).  It  is  possible 
to  inject  these  tubes  from  above  downwards,  but  not  from  below  upwards.  In 
addition,  the  proglottides,  as  well  as  the  head  of  the  worm,  possess  numerous 
round  or  oval  calcareous  bodies,  which  are  mainly  in  the  superficial  layers  of 
the  parenchyma. 

As  the  proglottides  become  mature  they  sever  their  connection  with 
the  worm  and  drop  off  from  its  lower  extremity  one  by  one.  They 
pass  down  the  alimentary  canal,  and  are  discharged  with  the  faeces, 
or  else  work  their  way  out  through  the  anus  by  virtue  of  their 
contractile  power.  For  a  short  time  after  discharge  they  still  show 
a  writhing  movement,  but  they  soon  come  to  rest  and  die.    By  the 


Fig.  182.— The  globular 
body,  or  MelhVs  body 
and  its  connections.  See 
text,  x  30.  (Leuckart.) 


Fig.  183.— Proglottis  of  T. 
solium,  showing  branching  of 
uterus.    X  5. 
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decomposition  of  the  proglottis  the  ova  are  set  free  and  are  ready 
under  suitable  circumstances  to  develop  further. 

It  is  mostly  in  the  bodies  of  swine  that  the  taenia  solium  passes 
through  the  next  phase  of  its  development,  although  sometimes  it 
occurs  in  man. 

The  Ova  (Fig.  184)  are  surrounded  by  a  dense  shell  of  a  brownish 
colour.  Inside  the  shell  the  egg  develops  an 
embryo  which  acquires  six  boring  spines. 
When  such  ova  get  into  the  intestinal  canal 
of  the  pig,  the  shell  bursts,  and  the  embryo 
with  its  spines  escapes.  It  proceeds  to  bore 
its  way  outwards,  and  after  piercing  the 
alimentary  canal,  it  finds  its  way  to  the 
muscles  of  the  animal  where  it  finds  a 
lodgment. 

Arrived  at  its  desired  seat,  the  embryo  comes  to  a  state  of  rest, 
and  after  a  time  develops  into  the  scolex,  or  Bladder-worm,  which 
is,  in  the  case  of  this  species,  called  the   Cysticercus  cellulosse. 

The  appearance  of  these  cysticerci  in  the  muscular  tissue  is  shown 
in  Fig.  177,  which  is  drawn  of  the  natural  size.  The  complete 
cysticercus  or  scolex  is  composed  of  a  sac,  connected  with  which  is 
a  head,  which  closely  resembles  the  head  of  the  mature  ,  worm,  and 
possesses  similar  hooklets  (Figs.  185  and  186). 


Fig.  184.— Ova  of  T.  solium, 
a,  with  yolk;  b,  without  yolk, 
as  in  mature  segments.  The 
hard  brown  shell  is  indicated. 
(Leuckart.) 


Fig.  1S5.— Head  of  cysticercus  cellulosa?  found  in  substance  of  brain,    x  90. 


The  Cysticercus  cellulosae  occasionally  develops  in  the  human 
subject.  It  occurs  chiefly  in  the  brain,  in  the  eyeball,  and  in  muscle. 
In  rare  cases  the  cysticercus  assumes  in  the  brain  a  very  peculiar 
character.     The  cyst,  developing  in  the  membranes  on  the  surface 
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of  the  brain,  presents  pouches  and  swellings  which,  give  it  somewhat 
the  character  of  a  bunch  of  grapes,  and  so  has  arisen  the  designation 

Cysticercus  racemosus. 
Heads  are  seldom  found 
in  these  bunches,  and  at 
most  there  is  but  one, 
which  has  the  charac- 
ters of  that  of  the  taenia 
solium.  The  cysticercus 
is  usually  surrounded 
by  a  connective  tissue 
capsule  which  is  pro- 
duced from  the  sur- 
rounding tissue  and 
encloses  both  cyst  and 
head,  but  not  infre- 
quently, especially  in  the  brain  and  eyeball,  it  is  devoid  of  this 
secondary  capsule.  In  that  case  the  vesicle  sometimes  grows  to  con- 
siderable dimensions,  and  the  head  is  able  to  protrude  itself  and  move 
about  in  various  directions,  perhaps  in  the  ventricle  of  the  brain  or 
the  eyeball.  In  these  parts  the  scolex  may  produce  considerable 
disturbance. 

Although  capable  of  a  considerable  duration  of  life,  after  a  time 
the  scolex  usually  dies,  and  then  it  shrinks  and  becomes,  probably, 
incrusted  with  lime  salts. 


The  observations  of  Leuckart  and  others  have  thrown  much  light  on  the  develop- 
ment of  the  scolex,  as  they  are  based  on  actual  experiments  in  which  swine  were 
fed  with  the  ova. 

In  the  first  place  a  vesicle  or  cyst  is  formed  in  the  muscle.  After  a  time  a 
slight  thickening  of  the  wall  of  the  cyst  appears.  This 
grows  inwards  into  the  cyst,  carrying  with  it,  however, 
the  external  wall,  so  that  the  projection  inwards  is 
hollow  with  an  internal  canal  continuous  with  the  ex- 
ternal surface  of  the  cyst,  and  so  opening  externally; 
this  is  shown  in  Fig.  187,  where  a  portion  of  the  wall 
of  the  cyst  is  preserved,  and  the  projection  is  shown 
with  its  internal  cavity  communicating  with  the  surface 
of  the  cyst.  This  projection  enlarges,  and  by  and  by 
the  peculiar  structures  of  the  head,  namely,  the  four 
sucking  discs  and  the  hooklets,  show  themselves.  But 
these  are  formed  inside  the  canal,  near  its  inner  ex- 
tremity, and  they  are  in  an  inverted  position  as  com- 
pared with  those  of  the  mature  tape-worm.  The  head  with  its  hooklets  is  thus 
at  the  bottom  of  the  canal,  and  the  four  suckers,  looking  towards  each  other, 


Fig.  187.— Cysticercus  with 
beginning  of  development  of 
head.  A  portion  of  the  origi- 
nal cyst  is  shown  with  the 
projection  inwards  of  a 
hollow  process  which  com- 
municates externally,  x  25. 
(Leuckart.) 


TAPE-WORMS. 


381 


follow.  After  a  time  the  head  acquires  the  power  of  inverting  itself  outwards, 
and  thus  projecting  from  the  vesicle,  or  again  withdrawing  itself  within  the  vesicle 
as  before.  This  is  effected  by  means  of  muscular  fibres.  For  the  completion 
of  this  phase  of  development  a  period  of  from  three  to  four  months  is  required 
from  the  time  of  the  ova  being  taken  into  the  alimentary  canal. 


Fig.  188. — A  single  head  of  taenia  solium  be- 
fore segmentation  has  begun.  It  shows  move- 
ments of  its  suckers,  etc.    x  25.  (Leuckart.) 


When  living  scolices  are  taken  into  the  alimentary  canal  of  man, 
in  the  first  place,  the  vesicle  and  everything  but  the  head  and  neck 
are  lost,  and  we  have  a  small  creature  which  has  considerable  power 
of  elongating  and  moving  about  its  suckers,  as  shown  in  Fig.  188. 
The  head  now  fixes  itself  to  the 
wall  of  the  alimentary  canal,  and 
the  body  begins  to  develop  from 
its  posterior  extremity.  It  takes 
eleven  or  twelve  weeks  for  the 
worm  to  assume  its  full  dimen- 
sions, and  at  the  end  of  that  time 
it  begins  to  shed  proglottides.  The 
worm  is  of  tolerably  long  life,  and 
may  inhabit  the  intestine  of  its  host 
for  many  years.  It  not  infrequently  happens  that  several  co-exist  in 
the  same  person ;  as  many  as  30  or  40  have  been  observed. 

2.  Tasnia  mediocanellata  or 
saginata. — This  worm  has  a 
strong  resemblance  to  the 
taenia  solium,  and  in  Britain 
it  is  probably  more  common 
than  the  latter,  this  being 
connected  with  the  beef-eating 
character  of  our  countrymen. 

The  strobilus  is  a  larger 
worm  than  the  taenia  solium, 
measuring  from  about  thir- 
teen feet  in  the  contracted 
state  to  about  twenty-four 
feet  when  extended.  Fig.  189 
shows  the  head  and  neck  of 
this  worm.  The  head  has  no 
rostellum  or  circle  of  hooks, 
but  it  possesses  four  large  sucking  discs  which  are  usually  surrounded 
by  zones  of  pigment.  In  the  greater  part  of  the  worm  the  seg- 
ments are  broader  than  they  are  long,  attaining  a  breadth  of 
about  half  an  inch.    But  as  we  come  to  the  fully  mature  proglot- 
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Fig.  1S9.— Head  of  taenia  saginata.    x  16. 
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tides  with  embryoes  in  the  uterus,  then  they  are  considerably 
elongated  and  at  the  same  time  narrower.  The  number  of  segments 
is  greater  here  than  in  the  taenia  solium,  reaching  as  high  a  figure 
as  1300.  There  are  generally  about  eight  discharged  from  the 
posterior  extremity  daily,  and  these  very  often  find  their  way  out- 
wards, through  the  anus,  by  their  own  movement.  The  worm  may 
live  for  many  years,  at  least  as  long  as  eleven,  and,  as  some  assert,  up 
to  twenty  or  even  thirty  years. 

The  sexual  organs,  except  the  uterus,  are  essentially  the  same  as 
in  the  taenia  solium  (see  Figs.  190  and  191).    The  uterus,  however, 
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Fig.  190.— Section  on  the  flat  of  three  unripe  proglottides  of  taenia  saginata  and 
part  of  a  fourth.  The  water- vascular  system  on  either  side,  the  beginnings  of  uterus, 
the  ovaries,  the  vas  deferens,  the  papillpe,  etc.,  are  shown,    x  8. 

presents  in  the  mature  proglottis  a  much  larger  number  of  lateral 
offsets,  as  many  as  twenty  to  thirty,  and  these  mostly  branch  dichoto- 
mously  instead  of  ramifying. 

This  tape-worm  is  liable  to  certain  malformations,  such  as  super- 
numerary joints  inserted  irregularly  between  the  normal  ones.  The 
most  peculiar  malformation  is  the  prismatic  variety  of  the  worm, 
shown  in  cross  section  in  Fig.  192.  In  this  form  the  worm  is  not  a 
flat  band  but  a  more  substantial  body,  with  three  projecting  borders. 
The  structure  is  similar  to  that  of  the  ordinary  form,  and  the  sexual 
pore  is  at  the  extremity  of  one  of  the  projections.  (See  case  by  author 
in  Glas.  Med.  Jour.,  xxxv.,  1891.) 

The  scolex  form  of  this  worm  is  found  chiefly  in  cattle,  and  is  hence 
sometimes  called  the  Cysticercus  bovis.  It  inhabits  mostly  the 
muscles,  but  is  also  met  with  in  other  organs.     The  cysticercus 
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measures  about  the  third  of  an  inch,  and  is  of  a  roundish  shape.  It 
is  not  known  to  occur  in  man. 


Fig.  191.— Transverse 
section  of  proglottis  of 
taenia  saginata.  At  the 
upper  end  is  the  genital 
pore.  Beneath  it  is  the 
water  -  vascular  canal. 
In  the  middle  the  cen- 
tral stem  of  the  uterus 
is  shown,    x  8. 


Fig.  192.— Prismatic  malformation  of  taenia  sagi- 
nata  in  transverse  section.  There  are  three  equal 
limbs.  The  uterus  has  a  common  stem  in  the  middle. 
The  water-vascular  canals  are  seen  in  section  near 
the  end  of  each  limb,    x  8. 


3.  Taenia  echinococcus. — In  the  strobilus  form  this  is  a  comparatively 
insignificant  worm  (Fig.  193).  It  inhabits  the  dog,  and  there  are 
generally  several  individuals  present  at  the  same  time.  The  total 
length  of  the  worm  is  about  an  eighth  of  an  inch,  and  it  consists  only 
of  four  segments,  including  that  which  carries  the  head.  In  the  fully 
developed  state  the  last  segment  exceeds  in  length  the  rest  of  the 
worm  altogether  (see  figure).  The  head  is  like  that  of  the  taenia 
solium  in  miniature,  being  very  greatly  less  in  size.  It  has  a  rostellum 
with  thirty  to  forty  hooklets,  and  four  sucking  discs.  The  last  segment 
develops  a  large  number  of  eggs,  as  many  as  5000. 

These  eggs  develop  the  usual  embryoes  with  six  spines,  and  if  they 
find  their  way  into  the  intestinal  canal  of  man,  they  pass  out  into  the 
tissues.    Settling  in  some  organ  of  the  body,  they  show  the  most 
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Fig.  193.— Adult 
taenia  echinococeus. 
x  12.  (Leuckart.) 


extraordinary  powers  of  development,  producing  the  condition  com- 
monly called  Hydatids. 

Hydatids  occur  in  the  form  of  large  cysts,  often  of  very  complex 
arrangement,  and  they  should  be  carefully  distinguished  from  the 
cysticerci,  which  form  small  cysts  not  more  than  half 
an  inch  in  size.  The  hydatids  occur  in  the  majority 
of  cases  in  the  liver.  Neisser  has  collected  no  less 
than  986  cases  of  hydatids  in  man,  and  he  gives  the 
scale  of  frequency  in  the  different  organs  as  follows : 
— Liver,  451;  lungs  and  pleura,  84;  kidneys,  80; 
muscle  and  subcutaneous  tissue  (including  the  orbit), 
72;  brain,  68;  spinal  cord,  13;  female  organs  of 
generation  (including  the  mamma),  44  ;  male  organs, 
6  ;  pelvis,  36  ;  organs  of  circulation,  29  ;  spleen  and 
bones,  28 ;  eye,  3.  Finsen  found  in  Iceland  that  the 
lungs  were  affected  only  in  3  per  cent,  of  the  cases. 

When  the  embryo  reaches  the  liver  or  other  resting- 
place,  it  soon  develops  into  a  cyst  which  at  first  is 
of  slow  growth.  The  membrane  of  the  cyst  is  of 
considerable  thickness,  and  consists  of  an  external 
stratified  cuticle  (the  ectocyst),  and  an  internal  par- 
enchymatous layer  containing  muscular  fibre  and  a  vascular  system 
{the  endocyst).  Inside  the  original  vesicle  arise  very  frequently 
secondary  vesicles,  and  inside  these  even  tertiary  ones,  the  succes- 
sive vesicles  being  sometimes  spoken  of  as  daughter  or  grand- 
daughter vesicles.  It  sometimes  happens  that  the  secondary  vesicles 
project  outwards,  and  form  a  series  of  external  vesicles  which  may 
separate  from  their  mother  and  attain  an  independent  development 
alongside  of  her.  This  latter  form  is  particularly  common  in  the 
domestic  animals,  and  it  is  variously  designated  exogenous  hydatids, 
and  echinococeus  scolecipariens  or  granulosus.  Hydatids  in  bone 
usually  assume  the  form  of  exogenous  cysts  (Targett).  There  is  a 
third  or  alveolar  form  which  has  been  met  with  in  man,  and 
always  in  the  liver.  In  it  the  parasite  develops  a  congeries  of  small 
vesicles,  from  the  size  of  a  grain  of  wheat  to  that  of  a  pea.  These  are 
embedded  in  a  gelatinous  matrix  and  sometimes  possess  gelatinous 
contents.  As  the  whole  is  surrounded  by  a  firm  fibrous  capsule,  the 
tumour  is  a  somewhat  solid  one,  and  on  section  it  presents  a  peculiar 
alveolar  appearance.  This  should  be  particularly  borne  in  mind,  as 
the  condition  has  been  frequently  mistaken  for  a  tumour,  especially 
before  Virchow  demonstrated  its  true  nature. 

Except  in  the  case  of  the  alveolar  form,  the  vesicles,  both  primary 
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and  secondary,  enlarge  very  much  and  give  rise  to  tumours  of  very 
large  dimensions,  so  as  sometimes  to  produce  serious  disturbance  by 
their  mere  size.  Those  of  the  liver  are  usually  the  largest,  and  they 
may  come  to  weigh  as  much  as  twelve,  twenty,  or  even  thirty  pounds. 
The  simple  vesicles,  in  which  no  daughters  develop,  attain  the  size 
of  an  orange  or  a  fist. 

In  all  forms  of  hydatids  the  whole  parasite  is  surrounded  by  a  fibrous 
cajjsule,  developed  by  the  organ  in  which  it  has  its  seat.  As  the  cysts 
enlarge,  this  also  increases  in  size. 

The  formation  of  the  heads  of  the  worms  differs  in  certain  respects 
from  that  of  the  other  taeniae.  In  the  walls  of  the  vesicles,  either 
primary  or  secondary,  are  to  be  seen,  when  they  are  perfectly  fresh, 
a  number  of  small  white  points  which  have  their  seat  in  the  internal 
wall.  These  are  not  the  heads  but  the  Brood-capsules  or  proligerous 
vesicles  in  the  walls  of  which  the  echinococcus  heads  grow. 


The  heads  begin  (see  Fig.  194,  in  which  the  development  of  heads  in  brood  - 
capsules  is  shown)  as  projections  outwards  of  the  wall  of  the  brood-capsule.  The 
projection  is  hollow,  and   communicates  with  a 
the  interior  of  the  brood-capsule.     The  head 
develops  inside  this  projection,  as  in  the  case 
of  the  taenia  solium,  and  very  soon  acquires 
the  power  of  inverting  itself.    When  it  does  so, 
it  projects  into  the  brood-capsule,  so  that  in  this 
respect  the  brood-capsule  is  not  like  the  cyst  of 
the  cysticercus,  as  the  scolex  projects  outwards 
from  the  latter.   A  single  brood-capsule  develops 
several  heads,  up  to  twelve,  and  they  may  be 
found  either  in  the  extended  or  inverted  position. 
All  the  heads  are  contained  in  brood-capsules, 

but  if  after  death  or  during  removal  the  brood-capsule  bursts,  then  an  appearance 
may  be  produced  as  if  the  heads  were  attached  to  the  wall  of  the  cyst  itself.  If 


Fig.  194.— Diagrammatical  illustra- 
tion of  development  of  echinococcus 
heads  in  brood-capsules,  a,  Wall  of 
cyst ;  b,  b,  brood-capsules,  with  heads 
in  various  stages  of  development. 
(Leuckart.) 


Fig.  1§5.— Brood-capsules  in  connection  with  walls  of  vesicle,  a,  A  capsule  in 
normal  unruptured  state  ;  b,  b,  ruptured  capsules,    x  40.  (Leuckart.) 


the  capsule  bursts,  its  remains  may  gather  round  its  stalk  and  the  heads  stand  up 
from  this  as  in  Fig.  195  b  b.    Heads  may  also  be  found  lying  free  if  the  capsules 
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have  bur&t.  It  is  to  be  added  that  sometimes  the  vesicles  remain  barren,  neither 
brood-capsules  nor  heads  developing  in  them.  These  are  the  so-called  Ace» 
phalocysts. 

It  is  an  interesting  fact,  that  although  the  bursting  of  a  hydatid 
cyst  or  the  drawing  off  of  its  fluid,  generally  causes  the  death 
of  the  parasite,  yet  that  after  rupture  the  parasite  passing  into  the 
peritoneal  cavity  may  live  as  minute  vesicles,  or  grow  so  as  to  produce 
cysts  as  large  as  the  fist. 

The  heads  which  are  formed  in  vast  numbers  inside  the  brood- 
capsules  are  exactly  like  those  of  the  mature  worm  (see  Fig.  195). 
They  are  very  minute  objects,  measuring  about  TVth  of  an  inch  in  long 
diameter,  and  just  visible  to  the  naked  eye.  They  possess  a  proboscis 
with  a  ring  of  hooklets,  and  four  suckers.  They  are  also  provided 
with  a  water-vascular  system,  and  in  their  parenchyma  abundant  cal- 
careous particles  are  to  be  found. 

Dead  and  shrunken  hydatids  are  more  frequently  met  with  in  this 
country  than  active  ones.  The  animal  may  die  spontaneously,  or  be 
killed  by  the  fluid  which  fills  the  vesicles  being  drawn  off.  In  that 
case  the  vesicles  shrink,  and  their  contents  become  converted  into  a 
fatty  debris,  which  afterwards  may  become  infiltrated  with  lime  salts. 
In  this  way  the  hydatid  mass  may  be  represented  by  a  cyst  filled  with 
atheromatous  material.  This  may  dry-in,  and  at  last  wTe  may  have 
nothing  left  but  a  stony  or  mortar-like  mass,  in  which  careful  search 
may  still  discover  calcified  heads  and  hooklets  (Fig.  196).    Besides  the 

distinctive  hooklets,  or  even  with- 
<Jj\       f)     (f>  ou^   tnem>  there  are  usually  in 

17      (r  these  old  cysts  bits  of  the  chitin- 

h  ^§5^  ous  membrane  or  cuticle  of  the 

J\         Xf  4)   parasite.    (See  Fig.  197,  in  which 

]/  ^J?y  by  shrinking  of  the  whole  lesion, 

the  stratified  chitinous  membrane 
has  been  thrown  into  folds.  The 
\\  dead  and  calcified  heads  are  also 

shown  as  opaque  bodies.)    As  this 

Fig.  196.— Hooks  from  tfenia  echinococcus.  x     x  ' 

x  350.  chitinous  membrane  is  very  re- 

sistant it  may  be  found  in  the  midst  of  the  grumous  contents  and 
enable  the  structure  to  be  recognized.  In  some  cases  the  diagnosis 
is  made  chiefly  by  flakes  of  this  membrane  being  found,  the  search 


In  regard  to  the  distribution  of  the  echinococcus,  it  is  of  pretty  frequent  occur- 
rence in  all  known  lands,  but  it  is  particularly  common  in  Iceland  where  the  men, 
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living  in  close  companionship  with  the  dogs,  are  much  exposed  to  infection.  It  is 
also  said  to  be  very  common  in  Australia  and  neighbouring  colonies. 


Fig.  197. — From  a  shrunken  hydatid  of  the  liver.  To  the  left  is  liver  tissue,  which 
is  separated  from  the  lesion  by  a  broad  band  of  connective  tissue.  Within  this  is  the 
stratified  membrane  of  the  parasite,  variously  folded.  The  black  spots  are  dead  and 
■calcified  heads  of  the  parasite,    x  S. 


Bothriocephalus  latus. — This  is  the  largest  tape-worm  which  occurs 
in  man.  It  attains  a  length  of  from  16  to  26  feet,  and  possesses 
from  3,000  to  4,000  segments,  which  are  mostly 
much  broader  than  long,  although  the  last  ones 
(see  Fig.  199)  become  longer  and  narrower  so  as 
to  assume  more  of  a  square  shape.  The  breadth 
at  the  widest  part  is  about  half  an  inch.  The 
worm  is  also  thick  and  heavy. 

The  head  (Fig.  198)  is  oval,  and  about  the 
twenty-fifth  of  an  inch  in  breadth.  It  is  blunt  at 
the  extremity,  and  possesses  neither  hooklets  nor 
suckers,  but  fixes  itself  by  means  of  a  slit-like 
groove  on  either  side  of  the  head  (see  figure). 

The  sexual  organs,  and  especially  the  uterus, 
occupy  the  middle  part  of  each  segment,  where 
they  form  a  rather  prominent  knot  or  rosette  (Fig.  200).    The  uterus 
is  composed  of  a  convoluted  tube,  which  gives  the  rosette-like  appear- 
ance just  mentioned.     The  sexual  organs  open  in  the  middle  line 


Fig.  198.—  Head  and 
portion  of  body  of  Both- 
riocephalus latus.  x  8. 
(Lkuckart.) 
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near  the  anterior  extremity  of  the  proglottis.  The  eggs  are  oval  in 
form,  and  are  covered  by  a  brown  shell. 

This  worm  is  rarely  met  with  in 
Britain.  It  is  frequent  in  Sweden,  Russia, 
Switzerland,  and  Japan.  It  is  specially 
in  fish  eating  districts  that  it  occurs. 


The  scolex  form  of  the  worm  long  eluded 
observation.  It  was  known  that  a  six-spined 
embryo  formed  in  the  eggs  in  the  usual  way, 
but  the  habitat  of  the  cysticercus  was  unknown. 
Braun  has  finally  demonstrated  its  existence  in 
the  pike.  In  some  localities  every  individual 
pike  contains  many  scolices.  It  has  also  been 
found  in  some  other  fish.  It  was  found  in  the 
muscles,  sexual  organs,  liver,  spleen,  etc.,  of 
these  fish.  Braun  proved  that  it  was  the  scolex 
of  this  animal  by  feeding  clogs  with  it.  A  tape- 
worm identical  with  the  bothriocephalus  de- 
veloped. 

This  worm  is  of  rather  frequent  oc- 
currence in  Switzerland  and  north-east 
Europe,  but  it  is  not  unknown  in  this 
country.  The  frequency  of  fresh-water 
lakes  in  Switzerland  explains  its  common 
occurrence  there,  from  the  use  of  the 
fish,  which  form  the  hosts  of  the  scolex 
form.  Like  the  other  tape-worms,  the 
mature  worm  occurs  in  the  small  intes- 
tines. 


Several  other  small  and  infrequent  tape-worms 
have  been  met  with  in  man. 

The  Taenia  nana  has  been  observed  in  Egypt 
and  Italy.    It  is  very  small,  scarcely  an  inch 
in  length,  and  about  the  fiftieth  of  an  inch  in. 
breadth.    It  possesses  a  rostellum  with  hooklets 
and  four  sucking  discs. 
Taenia  flavopuncta. — It  has  been  observed  a  few  times  in  children  in  America 
and  Italy.    It  is  about  a  foot  in  length,  and  about  one-twentieth  of  an  inch  in 
breadth.    The  head  has  been  described  by  Parona  as  devoid  of  hooklets. 

Taenia  Madagascariensis.— This  form  has  been  found  in  an  island  on  the  Mada- 
gascar coast.    It  is  about  three  inches  long,  and  the  head  is  not  yet  known. 

Taenia  cucumerina. — This  worm  is  from  7  to  10  inches  long.  Its  head  possesses 
a  rostellum  with  a  quadruple  circle  of  hooklets  to  the  number  of  about  60. 
These  are  somewhat  like  the  spines  of  a  bramble  bush  in  shape,  and  dotted. 


Fig, 
latus. 


199.  —  The  Bothriocephalus 
Natural  size.  (Leuckart.) 
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over  the  protruding  rostellum,  give  a  curious  appearance.  The  proglottides 
reach  a  breadth  of  about  the  twelfth  of  an  inch.  It  is  almost  constantly 
present  in  dogs  and  cats,  and  often  in  large  numbers,  especially  in  dogs.  It 
has  been  found  in  several  cases  in  man,  and  it  seems  to  be  not  infrequent  in 
children.  The  scolex  form  has  lately  been  found  in  the  dog-louse  (Trichodectes 
canis),  and  it  can  be  readily  understood  how  in  the  process  of  licking  itself  the 
dog  often  swallows  its  host,  and  becomes  itself  the  host  of  the  strobilus.  It  may 
be  conveyed  to  children  from  the  tongue  of  the  dog. 


Fig.  200.— Proglottis  of  Bothriocephalic  latus,  showing  female  organs.  x  12. 
(Leuckart.; 


The  lower  animals  are  much  affected  with  tape-worms,  either  in 
the  adult  or  scolex  form.  The  dog  in  particular  accommodates  a 
:  number  of  forms  in  the  intestine,  and  each  of  these  has  its  appro- 
priate intermediate  host  for  the  bladder -worm.  Besides  the  Taenia 
cucumerina,  mentioned  above,  the  following  parasites  of  the  dog  may 
be  mentioned  : 

Taenia  marginata. — This  is  a  tape-worm  of  large  size,  its  usual  length  being 
about  5  feet.  It  is  very  like  the  taenia  solium,  but  smaller,  the  head  possessing 
a  rostellum  with  30  to  44  hooklets.  The  scolex  form,  or  Cysticercus  tenuicollis, 
inhabits  swine  and  the  ruminants,  and  it  often  develops  large  vesicles  in  the 
peritoneum. 

Taenia  serrata. — A  large  tape-worm  about  a  yard  long,  possessing  34  to  38 
hooks.  Its  intermediate  host  is  the  hare  or  rabbit,  where  it  occurs  in  the  perito- 
neum as  the  Cysticercus  pisiformis. 

Taenia  serialis. — This  tape-worm  is  half  to  three-quarters  of  a  yard  long.  Its 
head  has  26  to  32  hooks.  Its  scolex  form  is  chiefly  found  in  the  peritoneum  of 
rabbits,  where  it  forms  a  ccenurus,  that  is  to  say,  a  bladder  with  many  heads 
inside  it  (see  Fig.  178).    In  this  form  it  is  called  Ccenurus  serialis. 

Taenia  ccenurus. — This  is  like  the  preceding,  but  larger.  Its  head  possesses  22  to 
132  hooks.  The  intermediate  form  is  in  the  brain  of  sheep,  and  is  a  ccenurus — the 
!  ccenurus  cerebralis.  There  is  a  comparatively  large  vesicle  studded  internally 
jwith  heads.  The  parasite  produces  prominent  nervous  symptoms,  the  disease 
called  '  Gid,'  1  Sturdy,'  etc. 

Literature. — Fully  in  Leuckart,  Paras,  des  Menschens,  2nd  ed.,  1879-1894  (first 
vol.,  transl.  by  Hoyle)  ;  Neumann,  Parasites  of  Domestic  Animals,  transl.  by 
jFleming,  1892 ;  Davaine,  Traite  des  Entozoaires,  1877 ;  Bland  Sutton  (Intra- 
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peritoneal  rupture  of  echinococcus),  Brit.  Med.  Jour.,  1892,  i.,  1184 ;  Braun,. 
Virch.  Arch.,  xcii.,  1883,  and  Zwischenwirth  des  breiten  Bandwurmes,  1886 ; 
Targett  (Hydatids  in  bone),  Guy's  Hosp.  Eep.,  1.,  1893. 

IV.— NEMATODA  OR  ROUND-WORMS. 

The  round-worms  have  elongated  bodies,  and  possess  a  well- 
developed  digestive  apparatus,  with  mouth,  oesophagus,  stomach, 
intestines,  anus.  The  sexes  are  separate.  Some  of  them  bear  living 
embryoes,  while  others  produce  eggs  which  become  free,  and  after- 
wards develop  embryoes. 

1.  Trichina  Spiralis. — This  worm  is  met  with  in  the  muscular 
tissue  of  man,  and  occurs  there  in  immense  numbers,  producing 
the  disease  Trichinosis.  We  shall1  see  afterwards  that  this  is  not 
the  mature  form  of  the  worm,  but  it  is  in  this  form  alone  that,  for 
the  most  part,  it  is  accessible  to  us,  and  it  will  be  convenient  to 
begin  with  its  description  here. 

The  affected  muscles,  as  seen  with  the  naked  eye,  seem  for  the 
most  part,  to  be  dusted  throughout  with  fine  white  particles  like 
sawdust.  These  are  most  abundant  near  the  places  where  the 
muscular  fibres  are  inserted  into  the  tendons.  As  a  rule  the  par- 
ticles are  most  abundant  in  the  muscles  of  the  trunk,  the  diaphragm, 
the  intercostal  muscles,  and  those  of  the  abdominal  wall,  but  they 
may  extend  to  all  the  voluntary  muscles  of  the  body,  even  the  most 
distant  ones  of  the  hands  and  feet.  It  may  be  present  in  immense 
numbers,  even  in  millions,  in  the  same  person. 

On  microscopic  examination  of  the  fine  particles,  they  are  found  to 
consist  each  of  an  oval  cyst  with  a  tolerably  thick  wall  (see  Fig.  201), 
within  which  is  a  small  worm  coiled  up  in  a  spiral  manner.  The  cyst 
has  very  often  abundant  calcareous  particles  in  its  wall,  especially 
at  the  poles,  and,  if  the  case  is  an  old  one,  the  impregnation  with 
lime  may  be  so  great  as  to  hide  the  parasite  unless  the  salt  be  first 
dissolved  out  with  an  acid.  When  an  acid,  such  as  dilute  hydro- 
chloric, is  used,  the  lime  dissolves  with  some  evolution  of  gas,  and  the 
whole  structure  becomes  very  transparent.  Sometimes  the  worm 
dies  in  its  capsule,  and  in  that  case  the  wall  thickens  and  the  cyst 
collapses  to  some  extent  on  the  remains  of  the  worm,  which  itself 
often  becomes  infiltrated  with  lime  (see  lowest  specimen  in  figure). 

The  parasite  in  man  is  derived  from  the  pig,  in  whose  muscles  the 
embryoes  occur  in  the  same  fashion  as  in  man.  If,  now,  a  piece  of 
muscle  containing  them  in  their  ,  living  state — that  is  to  say,  not  killed 
by  cooking  the  meat — be  eaten,  they  undergo  further  development 
in  the  intestinal  canal.    The  capsule  is  dissolved  by  the  gastric  juice, 
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and  the  embryo  set  free.  In  the  muscle,  the  embryo,  if  uncoiled, 
would  measure  about  the  twenty-fifth  of  an  inch  in  length  ;  but  now 
it  grows  rapidly,  and  in  the  course  of  two  and  a  half  days  it  reaches 


Fig.  201. — Trichina  spiralis  in  muscle.  The  elongated  shape  of  the  cysts  is  due  to 
the  fact  that  these  were  near  the  insertion  of  the  muscle  into  its  tendon.  In  the 
lowest  specimen  the  worm  is  dead  and  calcified,    x  90. 


the  adult  form,  when  the  female  is  about  one-eighth  of  an  inch  in 
length,  and  the  male  slightly  less.  The  male  possesses  a  testicle 
consisting  of  a  convoluted  tube.  The  female  has  an  ovary,  vagina, 
and  uterus.  The  adult  worm  has  an  intestinal  canal  from  end  to 
end,  which  is  divisible  into  oesophagus,  stomach,  and  intestine. 

The  impregnated  ova  pass  into  the  uterus  where  they  develop 
into  living  embryoes  of  minute  size.  In  six  or  seven  days  after  the 
female  has  attained  sexual  maturity,  that  is,  eight  or  nine  days 
after  the  trichinous  muscle  has  been  eaten,  the  birth  of  living 
embryoes  begins.  The  female  gives  birth  to  large  numbers,  and 
probably  continues  to  do  so  for  some  weeks,  thus  producing  as  many 
as  1000  to  1300.  The  adults  do  not  live  longer  than  five  to  eight 
weeks  altogether. 

The  minute  embryoes  now  begin  to  penetrate  the  intestinal  canal, 
and  they  swarm  outwards  to  the  voluntary  muscles.  The  route  by 
which  they  reach  the  muscles  is  not  absolutely  certain.  By  most  it 
is  thought  that  they  pass  outwards  into  the  peritoneal  cavity,  and 
thence  into  the  connective  tissue  around,  by  which  they  travel  to 
the  muscles.  By  others  it  is  thought  that  they  pass  into  the  sub- 
mucous connective  tissue,  thence  into  the  connective  tissue  of  the 
mesentery,  and  so  onwards.     It  is  probable  that  they  find  their 
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way  by  both  these  routes,  but  it  is  inconceivable  that,  as  some 
suppose,  they  get  into  the  blood-vessels,  as  the  vessels  available 
to  them  are  the  portal  radicles  which  would  take  them  to  the 
liver. 

Swarming  outwards  from  the  intestine  they  reach  first  the  muscles 
of  the  trunk,  where  they  are  usually  most  abundant;  they  then 
pass  to  those  of  the  neck  and  larynx;  and,  lastly,  to  those  of  the 
limbs.  Arrived  at  the  muscles  they  grow  larger,  and  apparently 
wander  about  for  a  time.  They  penetrate  inside  the  sarcolemma  of 
the  primitive  fibre  of  the  muscle,  and  destroy  the  sarcous  substance. 
In  about  fourteen  days  they  have  attained  their  full  size,  and  begin 
to  settle  down.  As  they  pass  along  inside  the  sarcolemma  they  are 
arrested  at  the  insertion  of  the  fibre  into  the  tendon,  hence  they 
are  particularly  numerous  near  tendons,  and  here  also  the  cysts, 
subsequently  formed,  are  often  much  elongated  (as  in  the  figure). 
The  sarcolemma  collapses  as  the  sarcous  substance  is  destroyed,  and 
as  the  worm  coils  itself  up  spirally  the  sarcolemma  forms  for  it  an 
oval  cyst.  The  worm  itself  also  adds  to  the  cyst  a  layer  of  its  own. 
It  is  not  uncommon  to  find  two,  or  even  more  worms,  in  one  cyst. 
In  the  muscles  the  worms  assume  a  quiescent  state  and  may  remain 
so  for  years  (as  long  as  eighteen  years  has  been  proved),  the  cyst 
being  impregnated  with  lime.  They  produce  considerable  destruc- 
tion by  piercing  the  sarcolemma,  and  disintegrating  the  sarcous 
substance,  and  there  is  often  to  be  found  a  germination  of  the 
muscle  nuclei  around  the  worm.  The  death  of  the  host  does  not 
cause  the  death  of  the  trichinae.  They  will  live  in  putrid  flesh  for 
weeks  and  remain  capable  of  further  development. 

During  the  migration  of  the  embryoes  considerable  irritation  is 
produced.  There  is  in  the  first  week  intestinal  catarrh  (diarrhoea), 
with  fever,  and  the  case  may  be  mistaken  for  typhoid  fever.  Later, 
the  muscles  become  stiff  and  painful,  and  oedema  of  the  skin, 
especially  of  the  face,  may  develop.  This  oedema  of  the  face,  which 
occurs  about  the  seventh  day,  is  said  to  be  of  special  diagnostic 
significance.  The  symptoms  are  usually  at  their  height  in  the  fourth 
or  fifth  week,  and  death  occasionally  ensues. 

Besides  in  man,  trichina?  have  been  found  in  the  muscles  of  the  pig,  cat,  rat, 
mouse,  marmot,  polecat,  fox,  marten,  badger,  hedgehog,  and  racoon.  By  some  it 
is  believed  that  the  rat  forms  the  permanent  source  of  infection,  as,  when  one 
of  these  animals  dies  it  is  eaten  by  its  neighbours,  and  so  the  infection  spreads. 
From  their  habits,  it  will  be  understood  how  swine  sometimes  partake  of  dead 
rats.  The  parasite  will  be  communicated  to  man  by  eating  imperfectly  cooked 
swine's  flesh.  It  is  said  that  a  temperature  of  50°-55°  C.  (or  120°-130°  F.),  is 
enough  to  kill  the  embryoes,  but  it  is  quite  conceivable  that  when  large  pieces 
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of  flesh  are  cooked  rapidly,  some  parts  may  escape  the  thorough  penetration  of 
the  heat. 

The  search  for  trichinae  in  the  muscles  of  swine  before  the  flesh  is  sold  is  com- 
pulsory in  some  countries.  For  the  examination  pieces  of  muscle  (preferably 
from  the  diaphragm  and  larynx)  are  snipped  off  with  scissors  and  spread  out 
in  water  on  a  microscopic  slide.  Some  liquor  potassae  may  be  added  to  make 
the  preparation  more  transparent.  It  is  then  to  be  examined  with  low  magnify- 
ing powers  and  afterwards  with  higher.  Several  specimens  should  be  prepared 
from  each  animal. 

2.  Ascaris  lumbricoides. — The  common  round-worm  is  probably 
the  commonest  entozoon  in  the  human  subject.  It  occurs  very 
frequently  in  children,  and  inhabits  chiefly  the  small  intestine.  In 
its  colour  and  general  appearance  it  resembles  the  common  earth- 
worm (see  Fig.  202).    It  measures  6  to  1G  inches  in  length,  is  marked 


Fig.  202. — A  clump  of  ascarides,  large  and  small,  from  the  intestine. 


by  transverse  stria?,  and  tapers  to  both  ends.  Like  other  nematodes 
it  possesses  an  intestinal  canal  from  end  to  end.  The  female 
produces  a  large  number  of  oval  eggs  which  have  a  dense  shell 
(see  Fig.  203).  The  ova  are  discharged  from  the  intestine  and  may 
be  found  in  the  faeces. 
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Fig.  203.— Ova  of  ascaris  lumbricoid.es.    x  280. 


The  worm  mostly  occurs  singly  or  in  pairs,  but  is  frequently 
present  in  considerable  numbers  up  to  one  or  two  hundred.  From 
the  intestine  it  may  pass  into  the  stomach  and  be  vomited,  or  may 

be  discharged  per  anum.     It  has 
been  known  also  to  pass  up  the 
oesophagus  and  into  the  nostrils 
and  sinuses  of  the  head,  or  by  the 
larynx  into  the  bronchial  tubes. 
Sometimes  it  penetrates  into  the 
bile  ducts,  which  it  may  obstruct, 
or  through  the  intestinal  wall  into 
the  peritoneal  cavity.     In  cases 
where  they  have  perforated  into 
the  peritoneum  they  have  given 
rise    usually    to    local  abscesses 
pointing  chiefly  near  the  umbilicus 
or  groin.    More  rarely  they  have 
led  to  general  peritonitis. 
In  the  intestine  the  irritation  of  the  worms  produces  catarrh,  and 
by  reflex  action  this  is  supposed  to  lead  to  certain  nervous  symptoms. 
When  present  in  large  numbers,  the  worms  are  sometimes  rolled 
up  in  a  ball,  and  in  this  condition  they  may  obstruct  the  intestine. 

Ascaris  mystax. — This  is  a  small  round-worm  which  occurs  in 
the  cat,  and  is  said  to  be  always  present  in  the  intestine  of  that 
animal. 

Oxyuris  vermicularis  or  Thread-worm. — This  is  an  exceedingly 
common  parasite.  It  is  white  in  colour,  and  the  male  measures 
about  an  eighth  of  an  inch,  and  the  female  about  three-eighths  in 
length.  It  possesses  an  alimentary  canal  from  end  to  end.  The 
eggs  are  oval,  and  have  a  dense  shell.  The  animal  inhabits  mostly 
the  large  intestine.  It  is  stated  by  Zenker  and  Heller  that  the 
mature  female  is  in  the  large  intestine,  the  males  and  young  being 
in  the  small.  The  worm  often  wanders,  especially  during  the  night, 
to  the  neighbourhood  of  the  anus,  where  it  produces  itching.  Some- 
times it  passes  over  to  the  vagina,  and  up  into  it.  It  produces 
catarrh  of  the  bowel,  and,  as  in  the  case  of  the  ascaris,  nervous 
symptoms  are  ascribed  to  it. 

Trichocephalus  dispar  (the  whip-shaped  worm). — It  is  of  frequent 
occurrence  in  the  ca?cum  and  neighbouring  parts  of  the  intestine. 
It  measures  lh  to  2  inches  in  length  and  has  the  peculiarity  that 
the  anterior  portion  is  much  thinner  than  the  posterior,  forming  a 
long  thread,  like  the  lash  of  a  whip  (see  Fig.  204),  which  is  buried 
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in  the  mucous  membrane.  It  seems  to  produce  no  special  symptoms. 
The  eggs  possess  a  brown  shell.  The  embryoes  have  been  traced 
in  water  and  moist  earth. 


Fig.    204.— Trichocephalus    dispar    or    whip-  Fig.  205. — Dochmius  duodenalis, 

shaped  worm  from  the  csecum.    x  3.  male  and  female,    x  3. 


Dochmius  duodenalis  (Strongylus  Duodenalis.  Anchylostomum  duo- 
dert(de). — This  worm  is  rarely  met  with  in  this  country,  but  occurs  in 
Egypt,  Italy,  and  tropical  lands.  It  has  been  found  frequently 
among  the  workers  at  the  St.  G-othard  Tunnel  in  Switzerland.  It  is 
a  third  to  half  an  inch  in  length  (Fig  205),  and  it  possesses  a  mouth 
armed  with  four  strong  teeth.  By  means  of  these  it  fixes  itself  on 
the  mucous  membrane  where  it  sucks  the  blood.  When  present  in 
considerable  numbers,  as  it  often  is  among  the  valvule  conniventes, 
it  may  give  rise  to  considerable  loss  of  blood  and  serious  anaemia 
(Anaemia  Egyptorum). 

Strongylus  gigas. — This  is  a  large  worm,  reaching  a  length  of  over 
a  yard,  and  a  thickness  of  about  three-eighths  of  an  inch.    It  has 
been  met  with  a  few  times  in  the  pelvis  of  the  kidney  in  man,  and 
i  more  frequently  in  the  kidney,  bladder,  lungs,  and  liver  of  dogs. 

Round -worms  belonging  to  the  family  of  the  Strongylidse  are  frequent  parasites 
in  the  lower  animals.  These  inhabit  various  parts  of  the  body,  but  there  are 
two  situations  in  which  they  are  of  special  frequency,  namely  the  lungs  and  the 
arteries. 

Pulmonary  and  bronchial  Strongylosis  is  the  name  applied  to  the  conditions 
I    produced  by  various  strongyli  when  resident  in  the  bronchial  tubes  and  lung- 

parenchyma.  No  less  than  eight  species  of  the  genus  strongylus  have  been 
!    distinguished  (Neumann),  and  the  animals  affected  include  the  sheep,  goat,  deer, 

ox,  horse,  ass,  hare,  rabbit,  and  cat.    The  disease  is  seen  in  its  most  characteristic 
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form  in  the  sheep.  There  are  two  species  met  with  in  this  animal,  namely,  the 
Strongylus  filaria  which  inhabits  the  bronchi  and  gives  rise  to  bronchitis  and  the 
Strongylus  rufescens  which  penetrates  to  the  lung  alveoli.  In  the  latter  case  a 
pneumonia  is  produced,  each  worm  being  the  centre  of  a  local  inflammation. 
There  are  thus  nodules  which  have  a  superficial  resemblance  to  tubercles. 

Aneurysms  are  frequent  in  the  horse  and  ass  in  consequence  of  the  action  of 
one  of  the  Strongylidas,  the  Sclerostoma  armatum  or  equinum.  The  worm  is  first 
present  in  the  large  intestine,  from  which  it  penetrates  to  the  arteries  which 
come  off  from  the  abdominal  aorta,  chiefly  the  cceliac  and  mesenteric  arteries, 
very  rarely  the  aorta  itself.  The  worm  produces  thrombosis  and  aneurysmal 
dilatation  of  the  vessels.  From  the  discharge  of  portions  of  thrombi,  embolism 
in  the  arteries  of  the  intestine  results,  giving  rise  to  colic,  which  is  a  frequent 
symptom  in  the  horse.  The  aneurysms  are  present  in  about  90  per  cent,  of 
horses,  and  are  equally  frequent  in  asses.  ^ 

Filaria  medinensis  (Dracunculus  medinensis,  or  Guinea-worm). — This 
parasite  is  of  frequent  occurrence  in  tropical  lands,  where  it  is  met 
with  in  the  tissues  of  the  foot  and  leg  chiefly.  The  female  is  a 
long  thin  worm  from  12  to  40  inches  in  length,  and  it  alone  is 
known  as  a  parasite.  The  male  is  much  smaller.  The  worm  wanders 
to  some  extent  in  the  loose  subcutaneous  connective  tissue,  and  may 
give  rise  to  considerable  irritation.  When  mature  it  presents  its 
extremity  at  the  surface,  and  a  small  pustule  forms  from  which  the 
extremity  projects.  The  worm  may  then  be  removed  gradually  by 
rolling  it  gently  round  a  quill  from  day  to  day  as  it  becomes 
exposed,  care  being  taken  not  to  break  it,  in  which  case  the  part 
left  in  may  give  rise  to  severe  inflammation. 

Filaria  sanguinis  hominis.  Filaria  Bancrofti. — This  parasite  is 
best  known  in  the  embryonic  form  which  inhabits  the  blood.  The 
adult  form  rarely  comes  under  observation,  but  has  been  found 
occasionally  in  the  lymphatic  system.  It  has  been  named  Filaria 
Bancrofti  from  the  first  discoverer  of  the  adult. 

The  adult  filaria  is  a  hair-like  worm  8  to  10  cm.  (3  or  4  inches) 
in  length,  and  only  about  0-35  mm.  (y^-  of  an  inch)  in  breadth. 
It  sometimes  produces  considerable  irritation  in  the  lymphatics,  causing 
local  thickenings.  Maitland  has  excised  some  of  these  thickenings 
and  found  in  one  case  as  many  as  seven  adults  in  one  mass.  The 
adults  are  believed  to  live  for  years  in  the  lymphatics,  and  the 
female  gives  birth  to  enormous  numbers  of  living  embryoes  which 
find  their  way  into  the  blood. 

The  living  embryo  (Fig.  206)  is  about  ^  inch  in  length  and 
-g— -g-  inch  in  thickness ;  its  breadth  therefore  nearly  corresponds 
with  that  of  a  red  blood-corpuscle.  It  is  enclosed  in  a  delicate  sac, 
which  is  rather  longer  than  itself,  so  that  while  moving  a  portion 
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of  the  sac  extends  beyond  its  extremity.  The  movements  as  seen 
in  the  blood  and  lymph  are  very  active  and  snake-like  in  character. 


Pig.  206. — Filaria  sanguinis  as  they  appear  in  the  living  state  in  the  blood.  From 
a  case  of  chyluria.    x  300.  (Lewis.) 

This  embryo  is  present  in  the  blood  of  about  10  per  cent,  of  the 
natives  where  it  is  endemic,  and  most  of  these  do  not  appear  to 
suffer  in  health  from  it.  It  is  found  in  many  Eastern  countries 
and  also  in  Brazil,  the  West  Indies,  etc.  According  to  Manson 
there  are  probably  several  species  of  filaria  sanguinis  besides  the 
F.  Bancrofti.  A  very  remarkable  circumstance  is  that,  during 
the  day,  the  parasites  are,  unless  in  exceptional  cases,  absent  from 
the  blood  obtained  from  the  finger  or  other  superficial  part,  but 
about  six  or  seven  o'clock  in  the  evening  they  begin  to  appear, 
and  by  twelve  o'clock  are  so  numerous  that  as  many  as  a  hundred 
may  be  counted  in  every  drop  of  blood.  As  morning  approaches 
they  diminish  in  numbers,  and  by  eight  or  nine  o'clock  they  disappear 
entirely.  This  regular  rhythm  may  apparently  go  on  for  years. 
When  the  periodicity  of  the  bodily  functions  is  interfered  with  by 
the  person  sleeping  during  the  day  and  doing  his  work  at  night, 
then  the  parasite  is  present  in  the  blood  in  the  day  time  and 
absent  at  night. 

The  periodicity  has  been  variously  accounted  for.  It  is  either  that 
the  animals  come  to  the  superficial  vessels  during  the  night  and 
remain  in  the  internal  organs  during  the  day,  or  that  a  fresh  brood 
is  produced  every  evening.    As  the  number  in  the  blood  of  a  single 
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person  is  estimated  at  36-40  millions  (Mackenzie)  the  latter  supposition 
does  not  seem  probable. 

Chyluria,  chylous  diarrhoea,  lymph-scrotum,  and  elephantiasis  have 
been  ascribed  to  the  filaria  Bancrofti,  The  embryoes  in  passing  from 
their  parents  in  the  lymphatics  to  the  blood  have  to  traverse  the 
lymphatic  glands.  In  certain  cases  they  seem  to  stick  in  the  glands, 
and  by  filling  them  up  obstruct  the  passage  of  lymph.  There  may 
thus  be  virtually  a  plugging  of  the  lymphatics  with  dilatation  of  the 
distal  parts  of  the  vessels.  Eupture  of  the  vessels  causes  the  escape 
of  the  chylous  contents  (see  p.  125).  According  to  the  situation  of 
the  adults  the  results  vary.  The  rupture  may  be  in  the  urinary 
bladder  or  kidneys,  and  we  then  have  chyluria.  There  is  usually 
blood  also  in  the  urine  from  tearing  of  blood-vessels,  and,  for  a 
similar  reason  the  embryoes  may  be  present  in  the  urine.  In  a 
similar  manner  chylous  diarrhoea  is  produced.  Lymph-scrotum  is 
a  thickening  of  the  scrotum  with  the  presence  of  dilated  lymphatics 
and  vesicles  which  rupture  and  discharge  fluid.  Elephantiasis  is  not 
probably  a  direct  effect  of  the  parasite,  but  the  condition  of  lymph- 
scrotum  may  give  occasion  to  elephantiasis  (see  pp.  238-240). 

The  mosquito  is  believed  by  Manson  to  be  the  intermediate  host 
of  the  filaria,  but  this  view  seems  to  stand  in  need  of  confirmation. 

In  animals  many  forms  of  filaria  exist.  There  are  several  forms  in  the  dog. 
One  of  these  inhabits  the  trachea  and  bronchi,  producing  bronchitis.  It  has  been 
named  Filaria  Osleri,  from  Prof.  Osier  who  observed  it  in  Canada  and  regarded 
it  as  a  strongylus.  The  filaria  immitis  inhabits  the  right  cavities  of  the  heart 
and  the  pulmonary  artery  of  the  dog,  and  is  very  common  in  China  arid  Japan. 
The  adults,  which  measure  12  to  30  cm.  in  length,  give  off  embryoes  closely 
resembling  the  filaria  sanguinis  hominis,  and  like  it  appearing  in  the  peripheral 
vessels  at  night.  The  Spiroptera  sanguinolenta  (so  called  from  its  red  colour)  is 
found  chiefly  in  the  walls  of  the  stomach  and  oesophagus  of  the  dog  in  China 
and  Brazil.  It  forms  considerable  cysts,  in  the  interior  of  which  the  worms,  which 
measure  3  to  5  cm.,  are  found,  a  number  coiled  up  together.  It  also  occurs  in 
the  walls  of  the  aorta,  in  the  lungs,  and  in  lymphatic  glands. 

In  the  horse  a  frequent  parasite  is  the  Filaria  papilloma  which  inhabits  the 
serous  membranes,  as  the  peritoneum  and  pleura.  It  may  be  present  in  enormous 
numbers  in  these  cavities.  It  has  been  found  in  the  tunica  vaginalis  when 
a  horse  was  being  castrated,  having  descended  from  the  peritoneum.  It  measures 
from  6  to  15  cm.  in  length. 

Literature. — Vikchow,  Die  Lehre  von  den  Trichinen,  1866 ;  Lewis,  Path,  signi- 
ficance of  nematode  hasmatozoa,  1877;  Bancroft,  Path,  trans.,  1878,  xxix. ;  Manson, 
Filaria  sang,  horn.,  1883,  also  Path,  trans.,  1881,  xxxii. ;  Mackenzie,  Path,  trans., 
1882,  xxxiii.,  394;  Myers,  Observations  on  Filaria  sang,  horn.,  Shanghai,  1881  and 
1886;  Scheube,  in  Volkmann's  Sammlung,  1883,  No.  232;  Neumann,  transl.  by 
Fleming,  1892;  Maitland  and  Manson,  Brit.  Med.  Jour.,  1894,  1.,  844. 
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V.— EPIZOA  OR  EXTERNAL  PARASITES. 

These  do  not  call  for  extended  treatment  here,  as  they  are  fully 
described  in  works  on  diseases  of  the  skin.  Little  more  than  an 
enumeration  of  them  will  be  attempted. 

1.  Arachnida. — Parasites  belonging  to  this  class  occur  both  in 
man  and  animals.  In  one  form  the  larva  inhabits  the  internal  parts, 
while  the  adult  is  external. 

Acarus  scabiei,  or  Sarcoptes  hominis. — This  has  an  oval  body 
just  large  enough  to  be  visible  to  the  naked  eye,  the  female  being 
one  fiftieth  of  an  inch  in  length,  and  the  male  about  half  that  size. 
The  anterior  part  has  a  head  and  four  limbs,  each  of  which  has 
a  sucker  at  its  extremity.  There  are  also  four  posterior  limbs,  all 
of  which  in  the  female  have  pointed  extremities,  but  in  the  male 
two  of  them  have  suckers.  The  female  burrows  in  the  epidermis, 
forming  tunnels,  in  which,  as  it  proceeds,  it  deposits  its  eggs ;  it  is 
usually  to  be  found  at  the  deepest  end  of  the  tunnel  and  the  eggs 
at  intervals.  The  eggs  develop,  and,  as  the  epidermis  desquamates, 
they  come  to  the  surface  by  degrees,  the  young  being  born  usually 
as  they  reach  the  surface.  The  irritation  of  the  animal  in  the 
epidermis  gives  rise  to  a  slight  inflammation,  causing  the  formation 
of  a  papule.  Usually  there  is  great  itching,  and  the  scratching  leads 
to  further  eruptions,  especially  in  predisposed  persons. 

Acarus  folliculorum  (Demodex  folliculorum). — This  is  an  elongated 
animal  about  of  an  inch  in  length,  and  provided  anteriorly  with 
four  pairs  of  short  feet.  It  is  found  in  the  sebaceous  follicles, 
especially  of  the  external  meatus  of  the  ear  and  neighbourhood  of 
the  nose.    It  seems  to  produce  no  special  irritation. 

Pentastoma  denticulatum  s.  tsenioides. — The  larval  form  is  very 
common  in  the  rabbit,  and  has  been  not  infrecpiently  observed  in 
man.  It  occurs  usually  in  the  liver,  but  has  been  observed  also  in 
the  spleen,  lungs,  kidneys,  and  wall  of  intestine.  It  is  a  small 
animal  about  a  fifth  of  an  inch  in  length  and  a  fifteenth  in  breadth. 
It  presents  about  90  segments,  in  each  of  which  are  stomata.  The 
mouth  possesses  four  hooks  which  can  be  withdrawn  into  chitinous 
sheaths.  The  larva  in  the  liver  surrounds  itself  with  a  capsule  and 
forms  a  nodule  about  the  size  of  a  pea.  In  man  they  are  mostly 
found  dead,  and  the  condition  observed  is  that  of  a  hard  nodule 
surrounded  by  a  fibrous  capsule,  inside  which  are  the  calcified 
remains  of  the  animal,  of  which  only  the  hooks  may  be  recogniz- 
able. 

The  larva  found  in  the  liver  and  elsewhere  is  usually  designated 
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the  Pentastoma  denticulatum,  while  the  adult  is  called  the  P. 
taenioides.  The  connection  between  the  two  was  demonstrated  by 
Leuckart.  The  adult  is  found  chiefly  in  the  nares  of  dogs,  but 
also  of  some  other  animals,  and  on  one  occasion  of  man  (Laudon). 
The  adult  is  like  the  larva  in  form  but  much  larger,  the  female 
measuring  three  inches,  and  the  male  about  one.  The  mouth  is 
devoid  of  hooks.  The  ova  passing  from  the  nostrils  of  the  dog 
on  to  the  grass  are  supposed  to  be  taken  into  the  stomachs  of 
hares  and  rabbits,  and  to  pass  thence  to  the  liver. 
Many  forms  of  arachnida  occur  in  animals. 

Leptus  autumnalis  (Harvest  bug). — This  is  a  small  red  animal,  just 
visible  to  the  naked  eye.  It  is  not  a  necessary  parasite,  but  in  some 
districts  it  invades  the  legs  and  burrows  into  the  skin,  thus  causing 
excessive  itching.  Two  other  forms  of  leptus  are  described  as  occur- 
ring in  America  (Duhring). 

2.  Insecta  or  Insects. — The  parasitic  insects  occur  entirely  exter- 
nally.   Some  of  them  are  not  parasitic  at  all  times. 

Pediculi  or  Lice. — The  head  louse  (P.  capitis)  lives  among  the 
hairs.  It  forms  a  chitinous  sheath  for  its  ova,  which  it  cements  to 
the  hairs.  The  young,  when  they  emerge  from  the  egg,  are  like 
the  adult  in  form,  there  being  no  further  metamorphosis.  The  body 
louse  (P.  vestimentorum)  is  like  the  former  but  considerably  larger. 
The  ova  are  deposited  in  the  clothing,  especially  the  seams,  where 
also  the  adults  congregate.  The  crab  louse  (P.  pubis)  has  its  popular 
name  from  the  fact  that  it  has  long  curved  claws  with  which  it 
attaches  itself  to  the  hairs.  It  occurs  in  the  parts  of  the  body  fur- 
nished with  stiff  hairs,  chiefly  the  pubes,  but  also  the  axilla?,  eye- 
brows, beard,  eyelashes,  etc.  It  is  smaller  and  less  elongated  than 
the  other  two  forms. 

Pulex  irritans  (Common  flea). — This  animal  is  only  partly  parasitic. 
Its  larvae,  which  are  about  an  eighth  of  an  inch  in  length,  occur  in 
quantities  in  the  neighbourhood  of  mouldering  organic  matter,  in 
dusty  corners  of  rooms,  etc. 

Cimex  lectularius  (Common  bug)  is  still  less  of  a  parasite.  It  lives 
chiefly  about  beds,  and  conies  out  of  retired  parts  on  to  the  skin  to 
extract  blood. 

Pulex  penetrans  (Sandflea,  chigoe,  jigger). — This  is  common  in  the 
West  Indies,  Central  and  South  America,  and  southern  parts  of 
North  America.  The  female,  which  resembles  an  ordinary  flea,  pene- 
trates the  skin,  usually  of  the  toes,  where  it  swells  up  into  a  sac 
about  the  size  of  a  pea,  the  abdomen  being  distended  with  ova.  It 
produces  painful  inflammation. 
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The  Larvae  of  insects  or  Maggots  are  occasionally  found  in  the 
tissues  of  man.  There  are  a  few  cases  in  which  such  larvae  have, 
by  migrating  under  the  skin, 
produced  considerable  inflamma- 
tion. There  are  also  cases  in 
which,  deposited  in  neglected 
wounds,  or  even  in  the  mouth 
and  nostrils  of  excessively  de- 
bilitated persons,  they  have 
actually  produced  considerable 
destruction  by  feeding  on  the 
tissues.  In  neglected  military 
hospitals  wounds  are  often 
abundantly  tenanted  by  mag- 
gots. 

The  Larvae  of  insects  are  also 

enmptimpcj  Tin  qqpH  hv  flip  hnwpl  Fig.207.— Larva  of  anthomyiacanicularis.  Many 
Sometimes  passed   Dy  ine  DOWei.     such  larv£e  were  paSsed  by  the  intestine,    x  8. 

The  form  which  has  been  chiefly 

observed  is  the  Anthomyia  canicularis.  In  some  cases  enormous 
numbers  of  the  larvae  of  this  fly  (see  Fig.  207)  have  been  passed, 
stated  as  quarts  in  one  report.  (See  Finlayson,  in  Glas.  Med.  Jour., 
xxxi.,  225,  1889.) 
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SECTION  XII. 
PYEEXIA — FEVER. 

Normal  temperature,  resulting  from  balance  of  production  and  discharge  of 
heat,  regulated  by  a  calorific  centre  in  the  brain.  Limitations  of  power 
of  regulation  when  body  exposed  to  excessive  cold  or  excessive  heat. 
Causation  and  Forms  of  Pyrexia — Production  from  lesions  of  nervous 
system.  Post-mortem  rise  of  temperature.  Pyrexia  from  contamination 
of  the  blood,  Fever  proper ;  usually  due  to  action  of  microbes  ;  phenomena 
of  cold  stage,  of  fastigium,  and  of  crisis.  Theories  of  Pyrexia — The  nervous 
and  the  metabolic  theories.  Arguments  in  favour  of  the  latter.  Other 
Phenomena  of  fever :  cloudy  swelling,  increased  rate  of  pulse  and  respira- 
tions, fall  of  blood-pressure  and  nervous  disturbances.  Post-mortem 
appearances  in  fevers. 

TTNDER  the  designations  pyrexia  and  fever  are  included  condi- 
^  tions  of  the  body  in  which  the  constant  phenomenon  is  an 
elevation  of  the  temperature  of  the  body.  In  order  to  understand 
this  pathological  change  we  must  first  consider  the  normal  tempera- 
ture of  the  body. 

Normal  temperature. — It  is  a  remarkable  fact  that  in  man,  as  in 
other  warm-blooded  animals,  the  temperature  of  the  body  is 
maintained  in  all  climates  at  a  nearly  constant  level,  there  being 
in  the  healthy  person  merely  slight  daily  variations.  The  normal 
temperature  may  be  stated  at  about  99°  Fahrenheit  or  37°  Centi- 
grade. This  fact  implies  that  the  production  of  heat  in  the  body 
exactly  balances  the  loss  of  heat  by  the  body.  The  production  of 
heat  is  by  a  process  of  combustion,  and  its  amount  will  be  equivalent 
to  a  certain  quantity  of  oxygen  absorbed  and  carbonic  acid  given 
off,  just  as  any  ordinary  combustion  may  be  expressed  in  these 
terms. 

Normal  heat  production. — The  seat  of  heat  production  is  in  the 
living  tissues;  and  their  vital  processes  mostly  involve  combustion. 
The  chief  sources  of  heat,  however,  are  the  active  muscles,  the 
secreting  glands,  and  the  nervous  system,  but  all  the  active  tissues 
of  the  body  seem  to  contribute. 
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Many  facts  render  it  apparent  that  heat  is  produced  in  much  greater  quantity 
in  muscular  contraction  than  in  the  performance  of  any  other  function.  We  are 
not  only  sensible  of  a  great  production  of  heat  during  muscular  exertion,  but 
actual  measurement  has  shown  that  during  contraction  the  muscles  produce  an 
increased  amount  of  heat. 

During  severe  muscular  exertion  the  body  temperature,  as  measured  in  the 
axilla  or  mouth,  has  been  found  elevated  as  much  as  from  0-5°  to  1°  Centigrade. 
Also,  the  amount  of  heat  given  off  while  prisoners  were  exercising  on  the 
treadmill  has  been  found  to  be  very  excessive.  Again,  the  measurement  of  the 
temperature  of  contracting  muscles  has  shown  that  heat  was  being  produced. 
The  human  biceps,  even  before  contraction,  has  a  temperature  of  about  1-5°  to 
2°  C.  above  that  of  the  surrounding  connective  tissue,  this  being  due  to  the 
continual  tonic  contraction  of  the  muscle ;  but  during  contraction  the  temper- 
ature rises  0*5°  to  1°  C.  (Breschet  and  Becquerel,  Macalister.)  Bernard  also 
found  the  blood  of  the  muscular  branch  of  the  jugular  vein  increased  in 
temperature  during  contraction  of  the  muscles  of  the  jaw.  Then,  also,  there  is 
the  great  rise  of  temperature  occurring  in  tetanus,  whether  artificially  produced 
in  animals  or  occurring  as  a  disease  in  man.  In  the  former  case,  when  tetanic 
spasm  is  produced  by  electric  stimulation,  the  temperature  of  the  body  may  rise 
5 3  C.  In  man  very  high  temperatures  have  been  registered  in  tetanus.  Wunderlich 
has  found  it  as  high  as  44-75°  C.  (112-5°  F.),  and  after  death  45-4°  C.  (113-6°  F.). 

The  muscular  tissue  of  the  body  seems  to  be  a  constant  source  of  heat  pro- 
duction. The  voluntary  muscles  are  in  a  continuous  state  of  tonic  contraction, 
and  the  heart  is  constantly  producing  heat  by  its  contractions.  It  has  been 
calculated  by  Grehart  that  the  heat  produced  by  the  heart  is  about  equal  to 
a  twenty-fourth  of  that  of  the  whole  body. 

Next  to  the  muscles  the  Secreting  glands  seem  to  contribute  most  to  the  heat  of 
the  body.  Ludwig  found  that  when  the  submaxillary  gland  is  stimulated  the 
secreted  saliva  is  warmer  than  the  blood  of  the  carotid,  and  Bernard  found  the 
blood  leaving  the  glands  warmer  than  that  passing  to  them.  The  intestinal  glands 
and  the  liver  are  also  great  sources  of  heat.  Bernard  found  the  blood  of  the 
portal  vein  0-1°  to  0-4°  C.  higher  than  that  of  the  aorta,  and  the  blood  of  the 
hepatic  vein  0*2°  to  0*4°  higher  than  that  of  the  portal,  showing  that  heat  is  pro- 
duced first  in  the  glands  of  the  intestine  and  then  in  the  liver.  The  highest 
temperature  in  the  body  is  said  to  be  found  in  the  liver. 

The  central  Nervous  system  is  also  a  heat  producer.  Observation  in  animals 
which  had  been  artifically  cooled  and  in  hibernating  marmots  showed  that  electric 
stimulation  of  the  nervous  system  causes  rise  in  temperature  in  the  brain. 

The  temperature  of  the  body  rises  slightly  after  the  ingestion  of  food.  This 
may  be  due  to  the  activity  of  the  glands  concerned  in  assimilation,  or  to  the 
oxidation  of  the  products  of  digestion  in  the  blood. 

The  production  of  heat  is  approximately  measured  by  the  consumption  of 
oxygen  and  elimination  of  carbonic  acid.  In  the  case  of  a  cold  or  tepid  bath, 
more  heat  must  be  produced  in  order  to  compensate  for  its  extraction  by  the 
unusually  cold  medium.  Experiment  shows  that  under  these  circumstances  there 
is  an  increase  in  the  absorption  of  oxygen  and  exhalation  of  carbonic  acid.  In 
man  the  experiment  cannot  be  long  continued,  and  it  cannot  be  said  that  the 
results  give  more  than  an  approximate  indication  of  quantities.  The  carbonic  acid 
produced  may,  for  example,  be  retained  to  some  extent  in  the  body  and  so  the 
results  vitiated. 
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Discharge  of  heat. — The  living  body  is  continually  giving  off  heat 
in  various  ways,  but  chiefly  by  the  skin  and  lungs.  There  is  a 
constant  radiation  and  evaporation  from  the  surface  of  the  body^ 
while  in  the  lungs  there  is  a  continual  cooling  of  the  respiratory  sur- 
faces by  the  inspired  air,  and  a  further  loss  of  heat  by  the  evaporation 
of  moisture  from  these  surfaces.  The  amount  of  heat  lost  will  depend 
on  the  one  hand  on  the  extent  of  the  cutaneous  surface,  its  tem- 
perature, the  activity  of  perspiration,  and  the  temperature  of  the 
surrounding  media,  and  on  the  other  hand  on  the  depth  of  the 
respirations  and  the  temperature  of  the  inspired  air. 

Regulation  of  temperature. — The  fact  that  in  healthy  persons  the 
temperature  remains  close  to  a  constant  normal,  indicates  that  there 
are  arrangements  in  the  body  whereby  the  production  and  discharge 
of  heat  are  regulated  in  their  amount.  These  arrangements  are  under 
the  control  of  the  nervous  system,  which  must  contain  a  Calorific 
centre,  located  by  some  observers  in  or  above  the  pons,  and  more 
particularly  in  the  cortex  of  the  cerebrum,  about  the  middle  of  its 
lateral  or  external  surface  (Wood,  Hitzig,  Hale  White).  The  regu- 
lation of  temperature  takes  place  chiefly  by  modifying  the  discharge 
of  heat  on  the  one  hand,  and  its  production  on  the  other.  That  is 
to  say,  the  state  of  the  skin  as  regards  fulness  of  its  vessels,  and 
activity  of  the  sweat-glands  is  subject  to  variation  according  as  heat 
requires  to  be  economized  or  expended.  The  respiratory  movements 
are  also  subject  to  variation,  according  to  need.  Human  beings,  again, 
assist  in  the  regulation  by  clothing  themselves  according  to  the 
requirements  of  the  body.  By  these  means  the  central  nervous 
system,  chiefly  through  the  vaso-motor  and  respiratory  nerves,  regu- 
lates the  loss  of  heat.  The  production  of  heat  is  also  to  some  extent 
controlled  by  the  nervous  system.  When  more  heat  is  needed  the 
tonicity  of  the  muscles  is  increased,  they  become  harder  and  more 
braced.  Shivering  is  a  kind  of  exaggerated  tonicity  whose  rationale 
seems  generally  an  increased  production  of  heat. 

The  limits  of  the  power  of  regulation  are  seldom  reached  in 
healthy  persons.  Almost  any  variation  in  the  amount  of  heat  pro- 
duced is  compensated  by  alterations  in  the  state  of  the  skin  and 
respiration.  Not  even  the  severe  muscular  exertion  of  climbing  a 
mountain,  producing,  as  it  does,  an  enormous  excess  of  heat,  is  able 
to  raise  the  temperature  of  the  body  appreciably.  It  is  interesting 
to  observe,  however,  that  violent  contraction  of  muscles  produced  by 
morbid  influences  will  raise  the  temperature.  It  is  so  in  convulsions 
such  as  those  occurring  in  epilepsy,  uraemia,  or  tetanus. 

The  power  of  regulation  is  not  so  great  against  variations  in  the 
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external  temperature.  Prolonged  exposure  to  cold,  especially  when 
the  muscles  are  relaxed,  frequently  reduces  the  temperature.  Some 
very  low  temperatures  have  been  observed  (Macewen,  Eeineke,  Peter) 
in  drunkards  who  have  lain  exposed.  On  the  other  hand  a  high 
temperature  in  the  surrounding  media  will  sometimes  raise  the  body 
temperature.  If  the  air  be  dry  the  body  can  meet  a  considerable 
elevation  of  temperature,  compensation  being  effected  by  excessive 
perspiration,  but  if  the  air  be  moist  as  well  as  hot,  or  if  a  bath  be 
used,  then  the  temperature  will  rise. 

As  the  actions  of  the  body  involve  the  production  of  heat,  if  the  temperature 
of  the  surrounding  media  be  even  near,  without  quite  reaching  that  of  the  body, 
then  a  prolonged  exposure  will  raise  the  latter.  When  a  rabbit  is  kept  in  a 
box  at  a  temperature  above  32°  C.  its  temperature  rises,  so  that  when  the  air  is 
at  36°,  the  temperature  of  the  animal  has  risen  to  41°  or  42°  (Rosenthal).  In 
guinea-pigs  Cohnheim  observed  a  similar  result.  Again,  Stapff  found  during  the 
construction  of  the  St.  Gothard  tunnel  that  men  working  in  damp  air  at  about 
30°  C.  had  their  temperature  raised  to  40°  C.  (104°  F.). 

The  regulation  may  be  rendered  inefficient  by  some  interference  with  the 
regulating  apparatus.  Thus,  persons  in  a  state  of  starvation  or  anaemia  are  not 
in  a  condition  to  increase  the  production  of  heat  so  readily  as  others,  and  hence 
they  are  less  able  to  stand  cold.  Again,  interference  with  the  vaso-motor  nerves 
may  hinder  the  compensation  effected  through  them.  Thus,  the  division  of  the 
sympathetic  nerves  in  the  neck  of  rabbits,  by  paralysing  the  vaso-motor  nerves 
of  the  ears,  produced  an  active  congestion  in  these  parts,  which  lowered  the  tem- 
perature two  degrees  C.  Animals  paralyzed  by  curare  or  morphia  are  more  readily 
cooled  than  normal  ones,  both  because  the  muscles  are  relaxed  and  because  the 
cutaneous  vessels  are  dilated.  Varnishing  the  bodies  of  rabbits  (with  tar,  linseed 
oil,  collodion,  etc.),  causes  a  hyperemia  of  the  skin  and  thus  produces  a  lowering 
of  temperature  which  may  be  fatal.  Similarly,  extensive  burns,  by  producing 
an  active  congestion  of  the  skin,  lead  to  a  lowering  of  temperature.  In  both  cases, 
if  precautions  are  taken  against  cooling,  the  temperature  is  not  reduced.  Hence 
the  treatment  of  burns  by  wrapping  in  cotton-wool. 

Post-mortem  rise  of  temperature  is  not  infrequently  observed,  especially  when 
the  temperature  has  been  above  normal  at  the  time  of  death.  This  is  explained 
by  the  fact  that  the  tissues  do  not  all  die  simultaneously,  and  that  there  may 
be  considerable  heat  production  after  the  heart  has  ceased  to  contract.  The 
cessation  of  the  circulation  in  the  skin  will  greatly  reduce  the  loss  of  heat  by 
radiation,  and  the  internal  heat  production  may  temporarily  counterbalance  the 
loss.  A  similar  explanation  is  given  by  Cohnheim  of  the  rise  of  temperature 
in  the  collapse  stage  of  cholera.  Here  coldness  of  the  surface  is  associated  with 
rise  of  internal  temperature.  The  former  is  ascribed  to  defective  circulation  in 
the  cutaneous  vessels,  due  to  the  thickening  of  the  blood  which  results  from  the 
loss  of  fluid  by  the  bowels,  which  is  characteristic  of  cholera. 

There  is  sometimes  a  rise  of  temperature  just  before  death  in  diseases  of  the 
central  nervous  system,  as  first  pointed  out  by  Wunderlich.  This  is  sometimes 
associated  with  convulsions  or  spasms,  but  may  occur  without  these,  and  is 
difficult  of  explanation. 
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Causation  and  forms  of  pyrexia. — Among  the  conditions  in  which 
elevation  of  temperature  occurs,  there  are  two  distinct  classes  of  cases, 
which  may  indeed  be  used  as  mutually  illustrative  of  the  pathology 
of  fever,  but  which  in  the  first  instance  must  be  kept  rigidly  apart. 
There  are,  on  the  one  hand,  cases  due  to  disease  or  injury  of  the 
central  nervous  system,  and,  on  the  other  hand,  cases  in  which  a 
poison  of  some  sort  is  present  in  the  blood.  It  is  to  the  latter  class 
of  cases  that  the  term  Fever  is  usually  applied,  this  term  including 
other  symptoms  besides  mere  elevation  of  the  temperature. 

Pyrexia  from  lesions  of  the  central  nervous  system. — There  are 
many  cases  on  record  in  which  injuries  or  diseases  of  the  brain  have 
led  to  elevation  of  temperature,  sometimes  to  a  high  degree.  These 
clinical  observations  have  been  confirmed  by  physiological  experi- 
ment. The  clinical  cases  consist  of  various  lesions  of  the  brain  and 
cord,  such  as  tumours,  injuries,  haemorrhages,  etc.  The  experiments 
were  generally  such  as  separate  the  medulla  oblongata  from  the  pons. 

Dr.  Hale  White  has  made  a  very  admirable  collection  of  cases  of  pyrexia  from 
disease  of  the  nerve  centres.  He  classifies  the  cases  into  twelve  groups,  which 
include  tumours  of  the  brain  and  cord,  haemorrhages,  especially  of  the  pons, 
embolism,  ill-defined  degenerations,  insular  sclerosis,  locomotor  ataxia,  obscure 
nervous  cases  (including  hysterical  pyrexia),  mental  disease,  injuries  to  the  spine 
and  brain.  He  endeavours  to  give  unity  to  the  cases  on  the  ground  that  in  all 
of  them  there  is  interruption  of  nerve-fibres  passing  from  a  supposed  centre  in 
the  motor  region  of  the  cortex  of  the  brain. 

The  experiments  of  Wood  of  Philadelphia  are  most  important  in  regard  to 
the  production  of  pyrexia  from  injury  to  the  brain  and  cord.  A  section  at  the 
junction  of  the  pons  and  medulla,  if  made  in  such  a  way  as  not  to  injure  the  vaso- 
motor centres  in  the  medulla  oblongata,  causes  a  rise  in  the  temperature  of 
the  animal. 

Both  Hale  White  and  Wood  found  that  injuries  or  diseases  of  the  central  nervous 
system  sometimes  lead  to  a  fall  of  temperature.  Such  a  result  seems  always 
referable  to  a  vaso-motor  paralysis  of  the  vessels  of  the  skin,  the  congestion  of 
these  vessels  causing  an  undue  cooling  of  the  body. 

From  these  observations  an  endeavour  has  been  made  to  establish 
the  existence  of  a  calorific  or  thermic  centre  in  the  brain,  that  is  to 
say,  of  a  centre  which,  by  its  own  action,  is  capable  of  producing  heat. 
We  have  seen  that  the  nervous  system  has  arrangements  for  the 
regulation  of  the  temperature,  but  there  is  not  sufficient  evidence 
that  there  is  any  single  centre  having  a  direct  control  of  the  process 
of  heat  production.  The  lesions  which  lead  to  elevation  of  tempera 
ture  are  such  as  to  produce  complex  derangement  of  the  vaso-motor 
and  muscular  functions,  and  it  cannot  be  said  that  these  have  been 
sufficiently  eliminated  to  prove  the  existence   of  a  centre  which 
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produces  its  effects  apart  from  the  ordinary  processes  in  the  muscles, 
blood-vessels,  etc. 

According  to  the  views  of  Wood,  which  are  partly  adopted  by  Hale  White, 
the  heat-producing  tissues  have  a  continual  tendency  to  produce  too  much  heat, 
and  the  thermal  centre  is  chiefly  exercised  in  controlling  or  inhibiting  the  pro- 
cess. As  the  nervous  lesions  which  cause  a  rise  in  temperature  are  chiefly  such 
as  paralyze  or  divide  the  nervous  connections,  it  is  supposed  that  they  act  by 
removing  the  inhibition  of  the  thermic  centre. 

Pyrexia  from  contamination  of  the  blood.    Fever  proper. — In  the 

great  majority  of  cases  pyrexia  is  produced  by  the  existence  in  the 
blood  of  abnormal  matters.  These  are  most  commonly  the  products  of 
the  action  of  microbes,  but  the  microbes  themselves  need  not  enter 
the  blood ;  it  is  sufficient  that  their  toxin  es  be  present  there.  Thus 
putrid  matter  injected  into  the  blood  gives  rise  to  fever,  but  it  does  so 
when  all  solid  particles  have  been  removed,  and  only  the  dissolved  pro- 
ducts used.  In  the  case  of  putrid  wounds  or  inflammations,  we  com- 
monly have  fever,  but  there  is  not  usually  any  actual  propagation  of 
bacteria  in  the  blood.  In  tuberculosis  also,  fever  is  usually  present, 
but  it  seems  doubtful  whether  the  tubercle  bacillus  is  at  all  capable  of 
multiplication  in  the  blood. 

But  fever  may  be  produced  without  the  agency  of  microbes.  It  has 
been  induced  by  the  injection  of  small  quantities  of  water  containing 
granules  of  starch  or  charcoal.  These  particles  having  caused  obstruc- 
tion of  the  pulmonary  capillaries,  the  blood  shut  off  from  the  circula- 
tion undergoes  metamorphosis,  and  its  products,  being  absorbed,  cause 
pyrexia.  The  products  of  metamorphosis  of  the  blood,  produced  in 
other  ways,  may  lead  to  fever.  Thus  the  injection  of  large  quantities 
of  pure  water,  apparently  by  causing  solution  of  the  red  corpuscles, 
leads  to  elevation  of  temperature  (Billroth  and  others).  Even  an  ex- 
travasation of  blood  in  the  tissues  and  the  absorption  of  its  products 
may  lead  to  pyrexia.  Thus  Volkmann  found  that  in  14  cases  of  simple 
fracture  of  the  femur,  fever  was  present  in  1 1  cases,  in  5  it  lasted  for 
several  days,  in  one  as  long  as  ten. 

Fevers  have  been  divided  into  three  stages,  namely,  rigor  or  cold 
stage,  fastigium  or  acme,  and  crisis. 

During  the  Cold  stage  there  is  a  marked  feeling  of  cold,  and  the 
skin  is  cold  to  the  touch,  and  pale  or  livid  in  appearance.  The  feeling 
of  cold  is  actually  due  to  a  reduction  in  the  temperature  of  the  skin, 
and  the  shivering  which  is  often  pronounced  in  this  stage  is  a  reflex 
phenomenon,  just  like  ordinary  shivering  from  cold.  The  coldness  of 
the  surface  is  due  to  a  general  spasm  of  the  cutaneous  arteries. 
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While  the  surface  is  cold  there  is  a  great  rise  in  the  internal  tem- 
perature. This  rise  may  be  partly  the  result  of  the  diminished  loss  of 
heat  from  the  surface,  but  is  not  entirely  so.  The  rise  is  too  great  to 
be  accounted  for  in  this  way.  For  instance,  Liebermeister  found  that 
in  the  cold  stage  of  intermittent  fever  the  temperature  in  the  rectum 
rose  in  thirty  minutes  as  much  as  2-31°  C.  (4°  F.).  This  author  also 
determined  that  in  the  cold  stage  there  is  a  great  increase  in  the 
process  of  combustion,  as  evidenced  by  the  elimination  of  carbonic 
acid.  The  very  rapid  rise  in  temperature  is  therefore  due  to  increased 
production  with  diminished  discharge,  of  heat. 

The  Fastigium  is  characterized  by  a  more  or  less  continued  eleva- 
tion of  temperature,  which  may  last  for  days  and  weeks  and  keep  near 
that  attained  at  the  end  of  the  cold  stage.  There  is  great  increase  both 
in  the  production  and  discharge  of  heat.  The  former  is  evidenced  by 
an  increased  absorption  of  oxygen  and  discharge  of  carbonic  acid,  and 
the  latter  has  been  determined  by  actual  observation.  The  hot  skin  of 
the  fever  patient  is  generally  a  sufficient  indication  of  excessive  dis- 
charge of  heat,  but  Leyden  has  demonstrated  it  by  experiment,  in 
which  the  leg  was  put  into  a  bath,  and  the  loss  of  heat  measured  by 
the  rise  in  temperature  in  the  water. 

As  the  fever  patient  eats  less  than  a  healthy  person,  the  excessive 
production  of  heat  takes  place,  to  a  large  extent,  by  the  combustion  of 
the  tissues.  Hence,  as  the  fever  progresses,  there  is  great  Wasting  of 
the  tissues,  both  of  the  adipose  tissue  and  the  proper  nitrogenous 
tissues.  The  consumption  of  the  nitrogenous  tissues  is  expressed  by 
the  appearance  in  the  urine  of  an  excess  of  urea,  which  is  the  chief 
ultimate  product  of  the  metabolism  of  the  nitrogenous  principles  in 
the  body. 

Under  ordinary  circumstances  the  amount  of  urea  and  other  nitrogenous  sub- 
stances in  the  urine  bears  a  close  relation  to  the  diet,  being  greatly  diminished 
during  fasting ;  hence  the  excretion  of  urea  in  fever  can  only  be  appreciated  by 
comparing  it  with  that  of  a  healthy  person  on  the  same  diet.  A  young  healthy 
man  on  ordinary  febrile  diet  will  excrete  16  to  18  grammes  (245  to  275  grains)  of 
urea,  while  a  similar  person  in  fever  will  excrete  40  to  45  and  even  50  grammes. 
The  excess  of  urea  has  been  stated  by  Unruh  at  50  per  cent.,  by  Liebermeister  at 
70,  and  by  Senator  at  100. 

It  is  a  point  of  great  interest  that  the  increase  of  urea  begins  in  some  cases  before 
the  rise  of  temperature  (Sidney  Ringer  and  others).  This  has  been  observed  chiefly 
in  relapsing  fever,  and  indicates  a  period  in  which  the  fever  is  latent.  There  is 
also  usually  an  excess  of  urea  for  the  first  two  days  or  so  of  convalescence,  the 
"  epicritical "  excess.  This  is,  in  some  cases,  due  to  a  retention  of  urea,  whose 
amount  sometimes  shows  a  diminution  towards  the  crisis  of  the  fever,  especially  in 
cases  characterized  by  the  so-called  '  typhoid  state.' 

Besides  the  increase  of  urea,  there  is  an  increase  of  the  so-called  extractives, 
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which  are  nitrogenous  principles  of  various  kinds.  The  colouring  matter  is  greatly 
increased.  The  salts  of  soda,  and  more  particularly  the  chloride,  are  diminished, 
while  those  of  potash  are  much  increased.  The  phosphates  and  sulphates  are 
increased. 

The  State  of  the  skin  during  the  fastigium  is  worthy  of  special 
attention,  especially  as  it  forms  an  important  item  in  the  means  of 
regulating  the  temperature  of  the  body  in  health.  The  conditions 
vary  considerably  in  different  fevers,  and  even  in  the  same  case,  from 
time  to  time.  In  a  few  forms  (chiefly  acute  rheumatism)  there  is 
usually  profuse  perspiration,  but  as  a  general  rule  the  skin  is,  con- 
sidering the  temperature,  remarkably  dry.  Even  apart  from  this, 
however,  the  condition  of  the  skin  in  regard  to  blood  supply  varies 
greatly,  and  its  temperature  also  varies.  Hence  the  temperature  of 
the  skin  does  not  bear  a  close  relationship  to  that  of  internal  organs. 

The  Termination  of  fever  is  often  by  a  more  or  less  abrupt  Crisis. 
It  is  as  if  the  regulation  of  the  temperature  had  been  re-established 
in  its  normal  condition,  and  the  temperature  rapidly  falls  to  the 
normal.  This  is  often  accompanied  by  an  attack  of  sweating,  this 
part  of  the  apparatus  for  regulating  the  temperature,  which  we  have 
seen  to  be  disordered,  being  restored  to  action.  The  other  secretions 
are  also  restored  at  the  crisis,  the  salivary,  gastric,  etc.  It  is  remark- 
able how  a  temperature  which  has  been  for  days  or  weeks  persistently 
above  normal,  will  suddenly  and  definitely  fall,  and  with  this  all 
the  symptoms  at  once  improve.  Sometimes,  however,  there  is  a 
more  gradual  fall  of  temperature,  and  instead  of  a  crisis  we  have 
j    a  Lysis. 

Theories  of  pyrexia. — The  very  striking  phenomena  described  above 
have  been  somewhat  variously  explained.  In  order  that  the  different 
theories  may  be  understood,  let  us  remember  the  principal  facts  in 
regard  to  the  phenomena.  The  rise  in  temperature  is  due  directly 
to  an  abnormal  combustion  in  the  tissues,  but  the  actual  amount  of 
heat-production  is  not  greater  than  what  frequently  obtains  in  health 
without  any  rise  in  the  temperature.  The  mode  of  heat-production 
is  usually  abnormal,  implying  a  pathological  metabolism  in  the 
tissues,  but  there  is  something  abnormal  also  in  the  regulation  of 
the  temperature,  as  the  body  does  not  dispose  of  an  amount  of  heat 
which  it  is  capable  of  disposing  of  under  normal  circumstances. 

It  is  acknowledged  in  all  modern  theories  of  fever  that  the  abnormal 
heat-production  is  in  the  tissues,  and  is  the  result  of  increased  tissue- 
change,  and  it  is  agreed  that  the  regulating  process  by  the  nervous 
system  is  altered,  but  opinions  differ  in  regard  to  the  exact  place 
which  the  nervous  system  takes  in  the  matter.    According  to  one 
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view  pyrexia  is  essentially  due  to  the  action  of  the  nervous  system, 
alterations  in  the  heat-centre  inducing  the  increased  tissue-change, 
and  at  the  same  time  changing  the  regulatory  process.  The  view 
opposed  to  this  is  that  the  increased  heat-production  is  due  directly 
to  the  action  of  the  contaminated  blood  on  the  tissues,  the  abnormal 
constituents  in  the  former  inducing  increased  chemical  change  in 
the  latter.  The  altered  regulation  is  also  regarded  as  related  to  the 
state  of  the  blood. 

The  Nervous  theories  of  fever. — The  various  theories  which  trace 
pyrexia  to  a  nervous  origin  are  chiefly  based  on  the  facts  already 
indicated,  that  injuries  to  the  brain,  whether  produced  experimentally 
in  animals  or  accidentally  in  man,  have  been  known  to  cause  a  rise 
in  temperature,  sometimes  to  a  very  high  degree. 

The  view  of  Liebermeister,  adopted  in  this  country  by  Hilton 
Fagge,  is  that  in  feVer  the  high  temperature  depends  on  a  change 
in  the  normal  function  of  heat-regulation,  according  to  which  the 
balance  of  heat-j;>roduction  and  discharge  is  so  arranged  as  that  the 
temperature  is  maintained  at  a  higher  level.  The  regulatory  apparatus 
is  at  work,  but  it  has  pitched  its  normal  at  a  higher  level.  The 
object  of  this  change  is  a  curative  one.  The  high  temperature  has 
an  influence  in  freeing  the  blood  of  the  abnormal  constituents  which 
we  have  seen  to  be  present  in  fever. 

The  view  of  Wood,  Hale  White,  D.  Macalister,  and  others  is  almost 
the  converse  of  this.  According  to  them  the  heat-centre  is  paralyzed 
by  the  fever-producing  agent.  This  centre  when  in  normal  action, 
as  we  have  seen,  is  supposed  to  restrain  or  inhibit  the  production 
of  heat,  and  when  paralyzed  it  allows  of  an  over-production. 

The  Metabolic  theory  of  pyrexia. — According  to  this  theory  the 
abnormal  production  of  heat  is  due  to  the  direct  action  of  the  fever- 
producing  agents  on  the  living  tissues,  while  the  due  regulation  of 
the  temperature  is  interfered  with. 

To  the  author  there  are  insuperable  difficulties  in  accepting  the 
purely  nervous  theory  of  fever.  Pyrexia  is  produced,  as  we  have 
seen,  by  a  large  number  of  different  agents,  each  of  which  when 
present  in  the  blood  produces  a  rise  of  temperature.  They  do  so 
also,  up  to  a  certain  point,  in  proportion  to  the  amount  of  the  agent 
present  in  the  blood.  It  seems  inconsistent  that  such  different  agents 
should  act  in  a  similar  fashion  on  the  nervous  system. 

Besides,  the  production  of  heat  is  brought  about  by  a  process  distinct 
from  normal  heat-production.  In  the  normal  production  of  heat  in 
muscles,  contraction  is  a  constant  if  not  a  necessary  element,  and  the 
production  of  heat  in  glands  and  elsewhere  is  associated  with  the 
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performance  of  their  function.  In  fever,  however,  the  muscles  are 
relaxed  and  the  glands  are  to  a  large  extent  deprived  of  their  function, 
and  the  production  of  heat  is  due  to  a  destructive  combustion  of 
the  tissues,  and  is  thus  abnormal  in  its  method.  It  seems  more 
probable  that  a  morbid  agent  in  the  blood  directly  induces  this 
change  in  the  tissues,  than  that  it  should  be  due  to  a  nervous 
influence. 

This  also  would  give  us  the  key  to  the  paralysis  of  the  regulatory 
apparatus.  This  apparatus  has  relations  on  the  one  hand  with  the 
heat-producing  functions,  and  on  the  other  hand  with  the  heat-dis- 
charging, and  it  is  by  the  mutual  regulation  of  these  that  the  normal 
balance  is  maintained.  But  if  heat-production  proceeds  from  an 
extraneous  cause,  and  is  therefore  placed  outside  the  influence  of 
the  regulating  centre,  then  the  latter  may  reasonably  be  expected 
to  be  at  fault.  In  addition,  the  fever-producing  agent  acts  on  the 
nervous  centres  as  well  as  on  other  organs  and  produces  a  certain 
paralysis  of  their  functions,  just  as  it  paralyzes  secretion  and  muscular 
contraction.  In  most  fevers  the  cerebral  functions  are  abnormal, 
although  the  form  of  disturbance  varies  considerably  in  the  different 
fevers. 

It  may  be  a  question  to  what  extent  the  increased  metabolism  of 
the  tissues  is  a  reaction  against  the  morbid  agent  in  the  blood.  In 
this  sense  the  rise  in  temperature  may  possibly  be  related  to  the 
elimination  of  the  morbid  agent,  although  the  view  that  the  rise  in 
temperature  in  itself  inhibits  the  morbid  poison  can  scarcely  be 
sustained. 

Other  phenomena  of  fever. — Most  of  the  remaining  phenomena  of 
fever  are  to  be  brought  into  relation  either  with  the  rise  in 
temperature  or  the  direct  action  of  the  fever-producing  agent. 

Parenchymatous  degeneration  or  Cloudy  swelling  is  a  frequent 
change  in  the  tissues  in  fever.  It  affects  chiefly  the  muscles  and 
the  secreting  glands.  Sometimes  there  is  great  enlargement  of  the 
liver  and  kidneys  from  this  cause.  The  weakness  of  the  heart, 
which  is  so  marked  in  many  fevers  and  may  give  rise  to  dilatation 
of  its  cavities,  is,  partly  at  least,  due  to  this.  The  parenchymatous 
change  has  been  ascribed  to  the  action  of  the  over-heated  blood 
(Liebermeister,  Wickham  Legg),  but  this  explanation  is  not  sufficient, 
as  it  may  be  absent  in  cases  where  the  temperature  has  been  high 
(in  cases  of  acute  pneumonia)  and  is  sometimes  present  without 
fever  (Cohnheim).  The  action  of  the  altered  blood  must  be  taken 
along  with  the  high  temperature. 

The  increased  rate  of  the  pulse  is  generally  referred  directly 
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to  the  action  of  the  rise  in  temperature  on  the  heart.  It  is  known 
by  experiment  that  when  the  heart  is  artificially  raised  in  tempera- 
ture by  heating  the  blood  which  is  passing  to  it  or  by  increasing  the 
temperature  of  the  surrounding  air  after  the  heart  has  been  exposed, 
it  beats  at  an  accelerated  rate.  The  increased  frequency  of  respiration 
is  also  ascribed  to  the  elevation  of  temperature  of  the  blood.  Gold- 
stein, by  heating  the  blood  in  the  carotid  so  that  the  temperature 
in  the  medulla  oblongata  was  raised,  caused  great  acceleration  of  the 
respiration. 

Fall  of  blood-pressure  is  a  usual  concomitant  of  fever,  although  it 
is  not  always  present.  It  is  present  as  evidenced  by  Dicrotism  of 
the  pulse  in  typhoid,  septic,  and  puerperal  fevers,  but  absent  in  the 
eruptive  stages  of  scarlet  fever  and  small-pox  (Recklinghausen).  It 
is  to  be  ascribed  to  a  general  relaxation  of  the  arteries  due  to  a 
paralysis  of  the  muscular  coat  similar  to  that  of  the  voluntary 
muscles,  and  also  to  some  extent  to  the  weakness  of  the  heart. 

The  nervous  disturbances  in  fevers  vary  greatly  and  are  only  in 
part  to  be  ascribed  to  the  high  temperature.  In  relapsing  fever 
and  in  the  rise  of  temperature  which  sometimes  occurs  in  simple 
fractures,  or  under  the  antiseptic  treatment  of  wounds,  there  are 
usually  no  nervous  disturbances.  On  the  other  hand,  typhus  fever 
is  usually  accompanied  by  delirium ;  typhoid,  with  dulness  of  mind, 
etc. ;  while  in  children  convulsions  occasionally  accompany  fever. 
These  facts  indicate  that  the  nervous  symptoms  are  essentially  related 
to  the  pyrogenic  agent,  and  differ  according  to  the  nature  of  it. 

Post-mortem  appearances  in  fever. — It  will  be  inferred  from  what 
has  gone  before  that  there  are  no  constant  anatomical  changes 
characteristic  of  all  fevers.  The  most  frequent  are  the  parenchyma- 
tous changes  already  referred  to,  but  even  these,  as  we  have  seen, 
are  not  constant.  In  the  acute  specific  fevers  the  blood  is  usually 
found  after  death  imperfectly  coagulated.  As  a  consequence  of  this 
the  haemoglobin  is  readily  dissolved  out  of  the  corpuscles  and  stains 
the  internal  surfaces  of  the  heart  and  vessels;  the  colouring  matter 
frequently  penetrates  to  surrounding  parts,  producing  frequently  deep 
staining  of  the  skin.  The  spleen  is  enlarged  in  most  fevers,  and  it 
is  frequently  very  soft,  especially  in  typhus.  Sometimes  there  are 
wedge-shaped  infarctions.  The  liver  is  commonly  enlarged  from 
parenchymatous  degeneration,  which  is  frequently  associated  with 
a  certain  amount  of  fatty  degeneration.  The  kidneys  are  also 
commonly  enlarged.  The.  muscles  are  liable  to  parenchymatous 
degeneration,  but  they  are  also  subject  to  waxy  or  hyaline  de- 
generation, especially  in  typhoid  fever. 
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Besides  these  general  changes,  many  of  the  individual  fevers  have 
specially  localized  lesions,  such  as  the  affection  of  the  intestine  and 
mesenteric  glands  in  typhoid  fever,  of  the  throat  in  scarlet  fever,  of 
the  skin  and  mucous  membranes  in  small-pox,  and  of  the  soft 
membranes  of  the  brain  in  epidemic  cerebro-spinal  meningitis. 

Literature. — Wundeblich,  Temperature  in  disease,  Syd.  Soc.transl.,  1870;  Murchi- 
son,  The  continued  fevers,  3rd  ed.,  1884;  Eosenthal,  in  Hermann's  Handb.  d. 
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SECTION  I. 

DISEASES  OF  THE  OKGANS  OF  CIRCULATION. 
A.— THE  HEART  AND  PERICARDIUM. 

I.  Congenital  malformations,  chiefly  of  the  heart  and  great  vessels.  Causatior 
Forms.  Cyanosis  a  common  result.  II.  Coagula  in  the  heart ;  th 
various  forms  of  thrombi.  III.  Occlusion  and  stenosis  of  the  coronar; 
arteries.  Causes.  Phenomena  in  acute  and  chronic  obstruction.  IV 
Retrograde  changes.  (1)  Atrophy,  including  brown  atrophy,  (2)  Fatt 
infiltration,  (3)  Fatty  degeneration,  (4)  Calcareous  infiltration,  (5)  Othe 
forms,  (6)  Injuries  and  rupture.  V.  Hypertrophy  and  Dilatation.  Causes 
including  overstrain.  Forms  of  hypertrophy.  VI.  Inflammation.  (1 
Myocarditis,  parenchymatous,  purulent,  and  interstitial,  (2)  Endocarditis 
acute,  chronic,  and  ulcerative,  (3)  Pericarditis,  acute,  chronic,  and  tuber 
cular.  VII.  Valvular  disease.  (1)  Insufficiency  and  (2)  Stenosis  of  mitral 
(3)  Insufficiency  and  (4)  Stenosis  of  aortic  valves,  (5)  Valvular  disease  o 
right  heart. 

I. -CONGENITAL  MALFORMATIONS  OF  THE  HEART. 

1% /TISPLACEMENTS  of  the  heart  are  of  rare  occurrence,  and  th 
JJiL  more  important  of  them  are  merely  part  of  a  general  mm 
formation  of  the  body.  The  heart  may  be  transposed,  that  is  t< 
say,  placed  in  a  position  on  the  right  side  of  the  chest  corresponding 
with  that  which  it  normally  occupies  on  the  left.  With  this  then 
is  usually  transposition  of  the  viscera,  but  it  sometimes  occurs  alone 
Again,  the  heart  may  occupy  the  middle  line,  as  it  does  in  earl} 
foetal  life.  It  may  be  placed  outside  the  thorax  altogether  (Ectopic 
cordis),  but  in  this  case  there  are  other  congenital  malformations, 
and  that  of  the  heart  only  forms  a  part.    (See  p.  53.) 
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Malformations  of  the  Pericardium. — Absence  of  the  pericardium 

is  a  rare  congenital  malformation,  and  is  mostly  associated  with  ectopia 
cordis.  There  are,  however,  cases  of  absence  of  the  pericardium  in 
persons  otherwise  well  formed.  The  sac  may  be  entirely  absent  or 
there  may  be  traces  of  it  at  the  base. 

Diverticulum  of  pericardium  is  an  unusual  malformation.  It  occurs 
in  the  form  of  a  sac  with  a  narrow  neck,  which  communicates  with 
the  pericardium.  When  distended  the  sac  is  about  the  size  of  a 
pigeon's  egg.  (See  cases  by  Bristowe,  Path,  trans.,  xx.,  101,  and  by 
author  in  Catalogue  of  AVestern  Infirmary  Museum.) 

Malformations  of  the  heart  and  great  vessels. — These  for  the  most 
part  represent  survivals  of  foetal  conditions.  The  heart  at  an  early 
period  consists  of  two  cavities,  an  auricle  and  a  ventricle.  The  simple 
auricle  receives  the  two  venae  cavse,  and  the  ventricle  gives  origin 
to  the  common  arterial  trunk.  The  ventricle,  the  auricle,  and  the 
common  arterial  trunk  subsequently  undergo  subdivision  each  into 
two.  This  separation  in  the  ventricle  begins  near  the  apex  ;  the  septum 
gradually  rises  towards  the  base,  its  completion  at  the  base  being 
delayed  after  the  rest  of  the  septum  has  been  formed.  Eokitansky 
distinguishes  two  parts  in  the  ventricular  septum,  namely,  an  anterior 
{septum  anterins)  which  divides  the  orifices  of  the  aorta  and  pulmonary 
artery,  and  a  posterior  (septum  posterius)  which  comes  between  the 
two  auriculo-ventricular  openings.  The  undefended  space  (pars  mem- 
branacea)  is  at  the  union  of  the  anterior  and  posterior  septa,  and 
will  be  the  last  part  to  close.  This  portion  of  the  septum  remains 
throughout  life  devoid  of  muscular  tissue,  being  composed  of  the  two 
layers  of  endocardium  from  the  two  ventricles.  It  is  situated  at  the 
J  base  of  the  septum,  just  beneath  the  aortic  valve.  There  is  sometimes 
I  a  minute  aperture  persisting  in  adult  life.  The  common  arterial  trunk 
begins  to  show  signs  of  division  by  a  septum  about  the  time  that  the 
inter-ventricular  septum  is  approaching  the  base.  A  septum  passing 
from  both  sides  of  the  artery  meets  and  divides  the  vessel  into  what 
|  are  subsequently  the  pulmonary  artery  and  the  aorta.  These  are  so 
adjusted  as  to  connect  with  the  right  and  left  ventricles  respectively. 
The  division  of  the  auricles  does  not  begin  till  the  ventricular  septum 
is  nearly  completed,  namely,  about  the  ninth  week,  and  after  being 
ifully  formed  the  septum  remains  partially  open  during  the  whole 
;  |of  intra-uterine  life, 
i  The  foetal  circulation,  so  far  as  the  heart  and  great  vessels  are 
concerned,  differs  from  that  of  the  adult  chiefly  in  two  respects, 
I  namely,  in  the  existence  of  the  foramen  ovale  and  in  the  patency 
|  of  the  ductus  arteriosus.    The  Foramen  ovale  forming  a  communi- 


416 


DISEASES  OF  HEART  AND  PERICARDIUM. 


cation  between  the  two  auricles  closes  more  or  less  completely  at 
birth.  The  Ductus  arteriosus  connects  the  pulmonary  artery  with 
the  descending  aorta,  and  in  the  foetus  it  conveys  most  of  the  blood 
going  to  the  abdomen  and  lower  limbs,  as  well  as  that  to  the  umbilical 
arteries.  The  left  ventricle  and  aortic  arch  thus  supply  in  the  foetus 
the  upper  part  of  the  body  and  the  upper  limbs,  whilst  the  right 
ventricle  and  pulmonary  artery  through  the  ductus  arteriosus  supply 
the  lower  parts.  There  is  a  small  part  of  the  aorta  between  the 
origin  of  the  subclavian  artery  and  the  opening  of  the  ductus 
arteriosus,  which  is  thus  almost  out  of  use  in  the  foetus.  It  is 
called  the  Isthmus  aortse,  and  is  important  in  connection  with  sub- 
sequent lesions. 

Consistently  with  the  larger  amount  of  work  thrown  on  the  right 
ventricle  in  the  foetus  as  compared  with  the  adult,  the  wall  of  this 
ventricle  is  similar  in  thickness  to  that  of  the  left  ventricle. 

Causation  of  malformations  of  the  heart. — A  large  proportion  of 
cases  of  malformation  are  related  to  narrowness  or  Stenosis  of  the 
pulmonary  artery.  This  has  been  variously  ascribed  to  inflammation 
during  foetal  life,  and  defective  formation  of  the  parts  in  the  foetus. 

By  some  (Peacock,  Meyer)  inflammation  occurring  in  early  foetal  life  has  been 
assigned  as  the  cause  of  the  stenosis.  We  shall  see  afterwards  that  inflammation 
of  the  endocardium  frequently  leads  to  valvular  lesions,  which  result  in  obstruction 
of  the  orifices.  In  the  adult  it  mostly  occurs  in  the  valves  of  the  left  side  of 
the  heart,  and  this  is  usually  ascribed  to  the  fact  that  the  systemic  arteries 
are  liable  to  greater  variations  in  blood-pressure  and  greater  strain  than  the 
pulmonary  vessels.  In  the  fcetus  it  is  otherwise ;  a  much  larger  proportion  of 
the  circulation  is  dependent  on  the  right  ventricle,  the  abdominal  aorta  and 
umbilical  arteries  being  fed  by  this  ventricle.  The  umbilical  arteries,  again, 
are,  from  their  position,  exposed  to  variations  in  pressure,  and  this  may  tell 
on  the  pulmonary  artery  at  its  origin. 

On  the  other  hand,  Rokitansky  seeks  to  ascribe  the  frequency  of  defect  of  the 
pulmonary  artery  to  deficiency  in  the  original  formation  of  the  septum  dividing 
the  primary  common  arterial  trunk.  This  is  probably  the  more  correct  explan- 
ation, as  there  are  seldom  traces  of  inflammation  visible  in  the  endocardium  at 
birth,  and,  besides,  the  lesion  is  not  simply  one  of  the  valves,  which  inflammation 
produces,  but  frequently  a  real  narrowing  or  defect  in  the  artery,  as  if  in  the 
division  of  the  primary  arterial  stem  the  greater  part  had  been  monopolized  by 
the  aorta. 

The  stenosis  of  the  pulmonary  artery  is  commonly  associated  with 
defects  in  the  septa,  and  these  may  be  ascribed  to  a  mechanical 
interference  with  the  complete  closure  of  the  septa.  Let  us  suppose 
that  the  common  arterial  trunk,  instead  of  dividing  in  the  normal 
way  into  pulmonary  artery  and  aorta,  does  so  imperfectly,  and  so 
there  is  a  large  aorta  and  a  small  pulmonary  artery,  or  even  an 
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entire  absence  of  the  latter.  In  the  case  last  mentioned  the  blood 
from  the  right  ventricle,  as  well  as  that  from  the  left,  would  pass 
into  the  aorta,  and  the  constant  recurrence  of  this  passage  of  blood 
at  each  systole  of  the  ventricle  would  prevent  the  closure  of  the 
septum  at  the  base,  and  cause  the  aorta  to  take  permanent  origin 
from  the  right  ventricle  as  well  as  from  the  left.  On  a  similar 
principle  the  obstruction  of  the  pulmonary  artery  will,  by  raising 
the  pressure  of  the  blood  in  the  right  auricle,  interfere  with  the 
closure  of  the  foramen  ovale. 

Instead  of  stenosis  of  the  pulmonary  artery,  we  may  have  a  similar 
condition  of  the  aorta.  The  consequence  of  this  will  be  defect  of  the 
septa  and  alterations  in  the  circulation,  the  latter  differently  located 
to  those  already  mentioned. 

Forms  of  malformation. — 1.  Defects  of  the  septum  ventriculorum. — 
As  already  indicated,  this  usually  goes  along  with  defect  of  the  great 
vessels.  When  the  stenosis  is  in  the  pulmonary  artery,  as  is  mostly 
the  case,  it  is  chiefly  the  anterior  part  of  the  septum  which  is 
defective ;  while  in  the  case  of  aortic  stenosis  it  is  the  posterior 
(Rokitansky).  The  defect,  if  limited  in  extent,  is  usually  in  or  near 
the  undefended  space  (see  Fig.  208).    The  defect  may  be  so  great  as 


Fig.  20S. — Defect  of  inter- ventricular  septum.    The  gap  is  situated  at  the  base,  in 
the  position  of  the  undefended  space  in  the  normal  heart.  (Peacock.) 

that  there  is  virtually  no  septum,  the  ventricle  being  composed  of  a 
single  cavity,  or  it  may  present  various  degrees  of  divergence  from 
this  extreme. 

2  D 
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2.  Defects  of  the  septum  auriculorum. — The  least  degree  of  defect 
of  this  septum  is  the  permanent  or  partial  Patency  of  the  foramen 
ovale.  A  certain  degree  of  this  is  frequently  present  in  adult  hearts, 
but  the  aperture  is  usually  so  small  or  so  valved  that  there  is 
virtually  no  communication  between  the  contents  of  the  two  auricles. 
On  the  other  hand,  the  lesion  may  be  connected  with  stenosis  of  the 
pulmonary  artery  or  aorta,  and  in  that  case  there  is  an  actual  and 
persistent  communication  between  the  two  cavities.  * 

In  more  extreme  cases  the  septum  itself  is  defective.  It  may  be- 
entirely  wanting,  or  only  defective  at  its  lower  part.  This  lesion 
frequently  coincides  with  a  defect  of  the  posterior  ventricular  septum. 

3.  Congenital  stenosis  of  the  pulmonary  artery. — This  may  be  to 
a  slight  or  to  an  extreme  degree.  In  most  cases  the  ventricular  and 
auricular  septa  are  also  defective.  (Kussmaul  in  192  cases  found 
the  ventricular  septum  complete  in  only  21.)  The  most  extreme 
case  is  that  in  which  the  pulmonary  artery  is  entirely  wanting,  and 
the  aorta  receives  the  blood  from  both  ventricles.  In  this  case  the 
lungs  are  supplied  from  the  aorta  by  means  of  the  Ductus  arteriosus 
Botalli,  which  remains  patent,  the  blood  passing,  however,  in  the 
reverse  direction  to  that  which  obtains  in  the  foetus.  In  its  minor 
degrees  stenosis  of  the"  pulmonary  artery  may  be  associated  with  a 
complete  ventricular  septum,  but  the  foramen  ovale  is  likely  to  remain 
open.  Stenosis  of  the  pulmonary  artery  leads  to  hypertrophy  of  the 
right  ventricle  just  as  a  similar  obstruction  does  in  the  adult. 

4.  Congenital  stenosis  of  the  aorta. — The  narrowness  may  be  at 
its  origin  or  at  the  isthmus  aorta?.  In  the  former  case  there  is 
usually  defect  of  the  septa  as  already  explained.  Stenosis  of  the 
aorta,  even  amounting  to  atresia,  may  have  little  effect  on  the 
circulation  during  foetal  life,  the  systemic  circulation  being  carried 
on  by  the  pulmonary  artery  through  the  ductus  arteriosus.  But  at 
birth,  as  there  is  a  great  increase  in  the  amount  of  blood  coming 
to  the  left  auricle  by  the  opening  up  of  the  pulmonary  circulation, 
the  left  ventricle  may  have  great  difficulty  in  dealing  with  it.  In 
cases  of  stenosis  of  the  isthmus  aortse  the  circulation  is  assisted  by 
anastomosis  between  the  subclavian  artery  and  the  thoracic  and 
abdominal  aorta.  The  narrowness  of  the  aorta  at  the  isthmus  may 
give  rise  in  later  life  to  aneurysm  above  the  seat  of  narrowing. 

5.  Persistence  of  the  ductus  arteriosus  Botalli. — This  communica- 
tion between  the  pulmonary  artery  and  thoracic  aorta  may  remain 
patent  when  from  any  cause  the  circulation  is  abnormally  directed 
through  it.  This  may  occur  by  reason  of  obstruction  of  the  pulmonary 
artery  or  aorta,  or  from  stenosis  of  the  mitral  orifice.    It  has  also  been 
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observed  without  any  other  malformation  in  cases  of  obstruction  to 
the  pulmonary  circulation  from  insufficient  inflation  of  the  lungs 
(atelectasis). 

6.  Transposition  of  the  great  vessels. — This  consists  in  a  reversal 
of  the  relative  positions  of  pulmonary  artery  and  aorta,  so  that  the 
former  takes  origin  from  the  left  ventricle  and  the  latter  from  the 
right.  The  blood  from  the  systemic  veins  is  sent  directly  into  the 
aorta  without  first  passing  through  the  lungs,  and  the  right  ventricle 
undergoes  hypertrophy,  and  becomes  like  the  left.  In  such  cases 
the  conditions  of  life  are  very  unfavourable,  and  yet  in  one  case 
life  was  prolonged  for  three  years.  Eokitansky  has  pointed  out  that 
even  though  the  great  vessels  may  be  transposed,  the  position  of 
the  ventricular  septum  may  be  so  altered  as  to  restore  the  normal 
connections  with  right  and  left  ventricles  respectively. 

7.  Malformations  of  the  semilunar  valves. — Malformations  of  the 
aortic  or  pulmonary  valves  may  be  part  of  congenital  lesions  of  the 
main  vessels  themselves,  but  are  frequently  of  independent  origin. 
The  valve  may  be  in  the  form  of  a  diaphragm  in  which  there  are 
merely  indications  of  a  tripartite  formation  (see  Fig.  209).    In  this 


case  the  diaphragm  is  often  protruded  into  the  vessel  in  the  form  of 
a  funnel.  Again,  we  not  infrequently  meet  with  some  variety  in  the 
size  or  number  of  the  semilunar  folds.  There  may  be  only  two 
curtains,  usually  a  large  and  a  normal  one,  the  larger  one  commonly 
showing  indications  of  a  partial  division  (see  Fig.  210).  Then  with 
three  curtains  there  may  be  two  large  segments  and  a  small  rudi- 
mentary one  between. 

Many  of  these  malformations  are  probably  to  be  referred  to  endocarditis 
occurring  in  the  foetus.  In  adult  life  endocarditis  often  produces  adhesion  of 
the  curtains,  but  there  is  also  very  great  contortion  of  the  valves.  But,  in  the 
foetus,  the  plastic  power  and  adaptability  of  the  structures  is  much  greater,  and 


Fig.  209.— Congenital 
adhesion  of  the  cur- 
tains of  the  pulmonary 
valve.  The  valve  is 
viewed  from  above. 
(Peacock.) 


Fig.  210.— Congenital  malformation  of  aortic 
valve.  There  are  two  curtains,  but  the  larger  one 
shows  a  partial  division.  (Peacock.) 
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the  three  coalesced  valves  may  form  a  well-shaped  diaphragm,  or  the  two  a 
single  larger  semilunar  fold.  In  either  case  there  are  still  indications  of  the 
coalescence  in  the  form  of  thickenings  along  the  line  of  union. 

It  is  obvious  that  these  malformations  will  frequently  interfere 
with  the  functions  of  the  valves.  In  the  extreme  cases  of  complete 
union  of  the  three  curtains  (as  in  Fig.  209)  there  will  be  great 
obstruction  as  well  as  imperfect  closure.  "When  there  are  only  two 
curtains,  the  middle  part,  where  coalescence  has  occurred,  is  thicker, 
and  the  curtain  may  be  more  rigid  at  this  point,  and  so  its  function 
will  be  interfered  with. 

According  to  Peacock,  congenital  malformations  of  the  valves  are  apt  to  lead 
to  more  definite  disease  from  endocarditis  in  after-life.  This  may  be  a  recurrence 
of  a  foetal  endocarditis,  but,  in  addition,  the  imperfect  adaptation  of  the  valves 
will  itself  give  rise  to  a  certain  irritation  and  predispose  the  structures  to  inflam- 
mation. So  it  happens  that  valves  malformed  in  this  way  are  peculiarly  prone 
to  disease  in  after-life,  even  though  their  function  is  not  at  first  imperfect. 


Besides  the  variations  already  noted  the  curtains  of  the  aortic  and 
pulmonary  valves  are  sometimes  abnormally  numerous,  especially 
those  of  the  latter.  There  may  be  four  curtains  instead  of  three, 
and  they  may  present  all  varieties  of  size  relative  to  one  another. 

The  semilunar  valves  sometimes  present  a  condition  somewhat 
approaching  that  of  the  cuspid  form.  It  is  to  be  noted  that  during 
the  closure  of  a  semilunar  valve  the  curtains  do  not  come  in  contact 

by  their  free  margins,  but 
that  the  line  of  contact  is 
somewhat  removed  from 
the  margin.  During  clos- 
ure, therefore,  when  the 
artery  is  full,  a  certain 
portion  of  the  curtain  floats 
free  in  the  blood.  This 
portion  between  the  line 
of  contact  and  the  free 
margin  is  frequently  the 
seat  of  apertures  or  fene- 
strations, and  that  without 

Fig.  211.-Fenestration  of  the  marginal  parts  of  the  affecW  tne  function  of 
aortic  valve.    There  is  an  appearance  of  chordae  tendmeae,  © 

and  the  bands  from  two  proximal  curtains  are  inserted  f-^e  valve.  This  fenestra - 
into  a  projection  from  the  aorta. 

tion  may  be  very  extreme 
and  may  graduate  towards  a  condition  in  which  (see  Fig.  211),  instead 
of  a  piece  of  tissue,  there  is  merely  a  series  of  tendinous  bands 
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passing  from  the  curtain,  near  the  line  of  contact,  to  the  wall  of  the 
vessel  at  the  point  of  insertion  of  the  curtain.  These  tendinous  bands 
resemble  the  chordae  tendineae  of  the  cuspid  valves,  and  the  resemblance 
may  be  increased  by  the  neighbouring  edges  of  the  curtains  being- 
joined,  and  the  tendinous  bands  from  the  adjacent  borders  of  two 
curtains  passing  together  to  the  wall  of  the  vessel.  There  may  be 
even  on  the  wall  of  the  vessel  an  elongated  prominence  into  which 
the  bands  are  inserted,  and  resembling  a  musculus  papillaris  (see 
figure).  These  bands  may  have  a  considerable  free  course  from  the 
middle  of  the  curtain  to  the  wall  of  the  vessel.  A  certain  amount 
of  this  condition  is  very  frequent  in  both  the  aortic  and  pulmonary 
valves. 

It  may  be  asked,  Does  such  a  malformation  interfere  with  the  function  of  the 
valve?  Probably  not  much,  but  still  to  a  certain  extent.  Each  form  of  valve 
is  appropriate  to  its  own  place.  The  cuspid  form  is  adapted  to  an  aperture 
between  two  cavities,  the  semilunar  to  the  orifice  or  course  of  a  vessel.  The 
latter  takes  up  less  room,  as  in  it,  by  reason  of  their  complete  separation,  the 
curtains  fall  back  completely  when  the  blood  rushes  past.  But  if  the  valve 
approaches  to  the  cuspid  form,  especially  if  the  margins  of  the  curtains  are 
united,  and  the  tendinous  bands  from  two  have  a  common  insertion,  then  there 
can  hardly  be  that  complete  falling  back  which  occurs  when  the  structure  is 
perfect.  This  will  probably  cause  a  trivial  obstruction,  but  the  curtains  being 
unduly  exposed  to  the  force  of  the  wave  of  blood  may  be  specially  liable  to 
inflammation. 

8.  Congenital  malformation  of  the  auriculo-ventricular  valves. — 

These  valves  are,  like  the  semilunar  valves,  occasionally  the  seat  of 
malformations  which  usually  cause  narrowing  of  the  orifice.  This 
may  be  in  the  form  of  coalescence  of  the  curtains,  produced,  in 
some  cases,  probably  by  a  foetal  endocarditis,  so  that  in  place  of  the 
valve  there  may  be  a  more  or  less  immobile  diaphragm.  The  affec- 
tion is  observed  chiefly  in  the  right  auriculo-ventricular  valve.  It  will 
produce  somewhat  similar  effects  to  those  induced  by  stenosis  of  the 
pulmonary  artery.  There  will  be  patency  of  the  foramen  ovale,  and 
the  blood  from  the  venae  cavae  will,  in  part  or  wholly,  pass  through 
this  foramen  into  the  left  auricle,  thence  into  the  left  ventricle,  and 
>  then,  through  a  defect  in  the  septum,  partly  into  the  right  ventricle, 
so  as  to  supply  the  pulmonary  artery. 

Cyanosis. — Morbus  cseruleus. — Children  born  with  malformations 
of  the  heart  are  usually  liable  to  symptoms  connected  with  the 
respiration  and  circulation,  which  are  in  many  respects  comparable 
j  with  those  from  valvular  disease  acquired  in  after-life,  and  consist 
j  chiefly  in  attacks  of  dyspnoea  and  lividity.     These  symptoms  may 
occur  at  birth  or  soon  after  it,  but  they  may  be  postponed  even  for 
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years,  and  develop  apparently  by  some  extra  stress  laid  on  the 
circulation,  or  they  may  not  develop  at  all.  Occurring  at  first 
intermittently  the  dyspnoea  and  lividity  very  often,  to  some  extent, 
become  permanent.  This  is  particularly  true  of  the  lividity,  which 
frequently  forms  such  a  marked  characteristic  of  such  persons  that 
they  are  visibly  the  subjects  of  Cyanosis  or  Morbus  caeruleus.  The 
lips  and  finger-nails  are  blue,  and  there  is,  perhaps,  a  deep  lividity 
of  hands,  feet,  and  cheeks  as  well. 

Two  explanations  of  this  symptom  have  been  offered.  The  first 
is  that,  as,  in  these  cases  the  septa  of  the  heart  are  mostly  imper- 
fect, the  lividity  results  from  the  mixing  of  the  currents,  venous 
blood  being  mixed  with  the  arterial  in  the  systemic  vessels.  This 
looks  a  very  likely  explanation,  but  there  are  two  serious  objections 
to  it.  Cyanosis  has  been  found  in  cases  where  the  currents  did  not 
mix,  and  it  has  been  absent  where  they  undoubtedly  did.  Besides 
this,  it  is  found  that  the  degree  of  cyanosis  is  not  at  all  proportionate 
to  the  mixing  of  the  currents.  The  other  explanation  is  that  the 
cyanosis  is  due  to  venous  engorgement,  just  as  lividity  occurring  in 
valvular  disease  in  the  adult.  In  nearly  all  the  cases  there  is 
obstruction  of  the  pulmonary  artery,  which  we  have  seen  to  be  at  the 
basis  of  most  malformations,  and  this  has  the  effect  of  bringing  about 
a  general  venous  engorgement.  During  the  early  periods  of  life  the 
blood-vessels  are  yielding  and  plastic,  and  so  the  permanent  conges- 
tion tells  much  more  on  them  than  it  does  in  adult  life.  Cyanosis 
developed  in  after-life  sometimes  approaches  in  intensity  to  that  from 
malformation,  but  it  rarely  reaches  it. 

Duration  of  life  in  malformations  of  the  heart. — If  there  is  merely  slight  imper- 
fection of  the  septa,  the  defect  is  of  little  importance,  and  we  have  already 
seen  that  there  is  imperfect  closure  of  the  foramen  ovale  in  a  certain  proportion 
of  the  cases  met  with  in  the  ordinary  course  of  post-mortem  examination.  If 
there  is  moderate  contraction  of  the  pulmonary  artery  while  the  heart  is  other- 
wise well  formed,  the  right  ventricle  will  probably  hypertrophy,  and  this  may 
almost  completely  compensate,  so  that  life  is  scarcely  shortened.  If  the  foramen 
ovale  is  distinctly  patent,  this  generally  implies  a  greater  degree  of  obstruction 
of  the  pulmonary  artery,  and  life  is  usually  abbreviated.  Peacock  has  collected 
twenty  cases  of  this  kind,  and  only  eleven  of  these  lived  to  the  age  of  15  and 
upwards,  but  some  lived  as  long  as  34,  40,  and  57.  In  three  cases  the  ductus 
arteriosus  was  also  open,  and  these  died  at  the  ages  of  10  months,  15  months, 
and  29  years.  If  the  interventricular  septum  is  imperfect,  this  implies  an 
obstruction  at  an  earlier  period  of  foetal  life,  and  the  duration  of  life  is  shorter. 
Of  sixty-four  cases,  only  fourteen  survived  the  age  of  15,  but  still  three  lived  as 
long  as  25,  and  one  39  years.  -  Where  the  pulmonary  artery  is  entirely  imper- 
vious the  duration  of  life  is  still  shorter ;  of  twenty-eight  such  cases  only  seven 
lived  over  a  year,  and  the  longest  duration  was  12  years.    Where  there  is  still 
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greater  arrest  of  development,  and  the  heart  consists  of  but  one  ventricle,  with 
one  or  two  auricles,  the  period  of  survival  is  usually  very  limited,  but  it  is 
interesting  to  find  that  four  persons  thus  affected  have  lived  to  the  ages  of  11, 
16,  23,  and  24  years.  Transposition  of  the  pulmonary  artery  and  aorta  might 
appear  to  be  a  malformation  almost  incompatible  with  life,  and  yet  of  twenty- 
one  such  cases  four  lived  between  2  and  3  years.  When  the  aorta  is  obstructed 
at  its  isthmus,  and  the  descending  aorta  is  supplied,  wholly  or  partially,  by  the 
pulmonary  artery,  the  duration  of  life  is  usually  very  limited.  The  lungs  are 
deprived  of  blood,  because  it  passes  to  the  abdominal  aorta,  and  the  children 
die  with  symptoms  of  dyspnoea  and  syncope.  If  the  obstruction,  however,  be 
only  slight,  the  person  may  survive  to  adult  or  middle  life,  even  though  the 
ductus  arteriosus  remains  pervious ;  thus  there  are  cases  of  survival  to  24,  32, 
and  43  years  of  age.  If  the  constriction  be  so  slight  that  the  ductus  arteriosus 
closes,  it  may  yet  become  much  more  considerable  afterwards,  or  the  aorta  may 
even  be  obliterated  at  the  point  indicated.  Yet  such  patients  may  survive  long, 
as  even  with  obliteration  the  ages  of  45,  50,  and  57  have  been  attained. 

Literature. — Peacock,  Malformations  of  the  heart,  2nd  ed.,  1861 ;  Rokitansky, 
Defecte  der  Scheidewande  des  Herzens,  1875;  Forster,  Missbild.  des  Menschen, 
1861 ;  Carpenter,  Congenital  Malformations  of  heart,  1894 ;  Many  cases  in  Trans, 
of  Path.  Soc,  London,  by  Peacock,  Greenfield,  Finlay,  Coupland,  etc.  Defect  of 
pericardium — Baly,  Path,  trans.,  hi.,  60  ;  Bristowe,  do.,  vi.,  109,  xx.,  101;  Coats, 
Catal.  of  Mus.  of  Western  Inf.;  Faber  (literature),  Virch.  Arch.,  vol.  lxxiv.,  1878; 
Weisbach,  Wien.  med.  Wochenschr.,  1868. 

II. — COAGULA  IN  THE  HEART. 

Thrombi  in  the  heart  are  of  frequent  occurrence ;  they  vary  in  kind 
and  in  significance.  Most  of  the  forms  of  thrombi  have  been  already 
referred  to  (see  p.  102).  Thrombi  are  frequently  designated  vege- 
tations, but  it  is  not  advisable  to  use  this  word  in  place  of  the 
more  accurate  one  thrombi.  We  may  distinguish  three  forms  of 
thrombi :  warty,  globular,  and  polypoid. 

Warty  thrombi  occur  in  acute  endocarditis,  owing  to  the  coagula- 
tion of  the  fibrine  on  the  inflamed  and  roughened  surfaces.  (See 
further  on.) 

Globular  thrombi  are  of  common  occurrence  in  dilated  and  hyper- 
trophied  hearts,  originating  in  the  retired  parts  of  the  cavities,  such 
as  the  auricular  appendages,  the  apices  of  the  ventricles,  and  behind 
the  columnse  earner.  (See  Fig.  212  and  Fig.  31,  p.  102.)  They  are 
usually  multiple,  and  the  smaller  of  them  may  appear  as  pearly 
white  bodies  presenting  a  rounded  projection  between  the  trabecular 
They  may,  however,  grow  out  from  these  positions,  and  assume  con- 
siderable dimensions.  It  is  not  uncommon  to  find  them  distending 
the  auricular  appendage,  and  sometimes  filling  the  greater  part  of 
the  auricle.  The  larger  ones  soften  in  the  centre,  forming  a  whitish 
or  brownish  juice,  resembling  pus  in  its  naked-eye  characters,  but 
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consisting  merely  of  debris.  It  is  quite  common  to  find  the  thrombus 
converted  into  a  sac,  composed  of  a  thin  rind  and  a  cavity  filled 
with  this  puriform  fluid.    Rupture  may  occur  during  life  and  pieces 


Fig.  212. — Globular  thrombi  near  the  apex  of  the  left  ventricle.    Several  of  these 
are  seen  to  project  from  between  the  musculi  papillares. 

of  the  thrombus  may  be  torn  off,  or  a  thrombus  may  be  detached 
bodily  and  carried  into  the  pulmonary  artery  or  aorta,  so  as  to  pro- 
duce embolism.  The  globular  thrombi  are  most  common  in  the  right 
auricle  and  ventricle,  as  these  cavities  are  more  liable  to  dilatation 
than  the  left,  hence  embolism  is  more  frequent  in  the  lungs  than  in 
the  systemic  system.  The  formation  of  thrombi  in  the  right  cavities 
often  coincides  with  thrombosis  in  the  veins,  as  causes  which  induce 
dilatation  of  these  cavities  are  similar  to  those  which  lead  to  general 
venous  hypersemia.  Hence  in  a  particular  case  of  pulmonary 
embolism  it  may  be  a  question  whether  the  source  is  in  the  right 
heart  or  in  the  veins. 

The  Polypoid  thrombi  are  much  more  uncommon  than  the  other 
two  forms.  It  sometimes  happens  that  a  thrombus  is  formed  on  a 
valve  or  on  the  internal  surface  of  the  heart  and  from  this  point 
grows  out  by  successive  deposition  to  a  considerable  size.  The 
author  has  met  with  a  case  (see  Fig.  213)  in  which  the  left  ventricle 
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was  filled  with  massive  festoons  thus  formed,  and  great  hypertrophy 


In  this  case  also  the 


coagula 


Fig.  213. — Polypoid  thrombi  in  left  ventricle. 
They  were  partly  calcified. 


and  dilatation  had  occurred, 
undergone  a  partial  impregnation 
with  lime.  There  is  also  a  case 
recorded  by  Gairdner  in  which  a 
thrombus,  formed  of  firm  fibrine 
and  attached  to  the  wall  of  the 
right  auricle,  hung  free  in  the 
auricle  and  assumed  a  nearly 
globular  form  (see  Fig.  214). 
It  was  so  placed  as  to  hang  down 
into  the  tricuspid  orifice,  which 
it  greatly  obstructed,  like  a  ball- 
valve. 

A  somewhat  similar  case  is 
recorded  by  Allan  Burns  as 
having  occurred  in  the  Royal 
Infirmary,  Glasgow. 

In  the  first  of  the  cases  referred  to 
above,  the  left  ventricle  was  occu- 
pied by  a  large  firm  fibrinous 
mass,  which  consisted  of  twelve  or 
thirteen  polypoid  coagula  having 
a  firm  attachment  to  the  anterior 
wall  of  the  ventricle  at  about  its 
middle.  It  was  estimated  that 
these  coagula  weighed  two  ounces. 
The  coagula  were  obviously  old 
and  the  basal  parts  had  under- 
gone a  kind  of  fibrous  transforma- 
tion resembling  tendon,  while  the 
red  part  looked  like  the  fleshy  part 
of  a  muscle.  There  was  no  soften- 
ing, but  in  the  substance  of  the 
polypus  and  partly  on  its  surface, 
a  somewhat  massive  deposition  of 
lime  salts  had  occurred,  forming 
at  one  place  a  sort  of  stem  an  inch 
in  length.  (The  specimen  is  in 
the  museum  of  the  Koyal  Infirmary, 
Glasgow.) 

The  second  case  is  one  in  which 
a  stenosis  of  the  tricuspid  valve 
had  been  diagnosed  by  Professor 
Gairdner  many  years  before  death. 

(This  unique  specimen  is  in  the  museum  of  the  Western  Infirmary,  Glasgow. 


had 


Fig.  214. — Thrombus  in  right  auricle.  It  is  drawn 
up  so  as  to  be  displayed,  but  in  its  natural  position 
it  fell  down  like  a  ball  over  tricuspid  orifice. 
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Literature. — Allan  Burns,  Dis.  of  heart,  1809 ;  Steven  and  Coats,  Glasg. 
Med.  Jour.,  Feb.,  1870;  Gairdner,  Clin.  Med.,  1862,  and  Edin.  Hosp.  Eeports, 
1893 ;  Wickham  Legg  (Loose  balls  of  fibrine  in  left  auricle),  Path,  trans., 
xxix.,  49. 

III.  — OCCLUSION  AND  STENOSIS  OF  THE  CORONARY  ARTERIES. 

The  coronary  arteries  are  frequently  affected  either  at  their  orifices 
or  in  their  course  by  lesions  which  interfere  with  the  circulation 
through  them.  As  these  arteries  are,  at  the  most,  possessed  of  very 
imperfect  anastomosing  communications,  obstruction  implies  a  very 
serious  disturbance  in  the  function  of  the  heart,  amounting,  in  the 
case  of  a  sudden  obstruction  of  a  large  branch,  to  sudden  paralysis 
of  its  action  and  death. 

Cohnheim  asserts  that  the  coronary  arteries  are  end-arteries.  Ligature  of 
one  of  the  larger  branches  in  the  dog  produced  first  irregularity  and  then 
stoppage  of  the  heart  in  from  thirty  seconds  to  a  minute.  Wickham  Legg 
and  West  believe  that  there  are  free  anastomoses  between  the  branches  of  the 
arteries,  while  Steven  asserts  that  there  are  communications,  but  only  among 
the  finest  arterioles.  The  author  is  convinced,  from  observation  of  Steven's 
injections,  that  the  communications  are  of  the  very  finest  vessels,  partly  capil- 
laries and  partly  minute  arteries. 

Causes  of  obstruction  of  the  coronary  arteries. — These  arteries  are 
peculiarly  liable  to  Atheroma.  Perhaps  the  fact  that,  coming  off 
directly  from  the  aorta,  they  are  exposed  to  higher  pressure  and 
greater  variations  of  pressure  than  other  arteries  of  their  size,  may 
account  for  this.  Atheroma,  as  explained  further  on,  leads  to  narrow- 
ing of  the  calibre  of  the  artery,  and  it  often  induces  Thrombosis 
which  may  increase  the  stenosis  or  even  lead  to  occlusion.  This  is 
most  common  where  calcareous  infiltration  follows  atheroma.  After 
a  prolonged  stenosis  there  may  be  a  sudden  complete  occlusion. 
Again,  atheroma  sometimes  leads  to  a  small  aneurysm  of  the  artery. 
Atheroma  in  the  aorta  leads  not  infrequently  to  Obstruction  of  the 
orifices  of  the  coronary  arteries.  The  aorta  is  the  most  frequent 
seat  of  atheroma,  and  as  this  condition  leads  to  thickening  of  the 
internal  coat  there  will  sometimes  be  a  bulging  of  this  coat  over 
the  orifices  of  the  coronary  arteries.  Not  infrequently  the  prominent 
intima  around  the  orifice  coalesces  and  completely  covers  the  aper- 
ture. 

Embolism  is  also  liable  to  occur  in  the  coronary  arteries.  It  used 
to  be  stated  that  during  the  systole  of  the  ventricle  the  coronary 
arteries  were  closed  by  the  curtains  of  the  aortic  valve  falling  against 
them.     It  is  stated  by  recent  observers,  however,  that  this  is  not 
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the  case,  and  that  the  orifices  are  exposed  during  the  systole,  and 
hence,  in  cases  of  acute  endocarditis,  small  portions  of  thrombi  are 
liable  to  pass  into  the  coronary  arteries.  The  arteries  obstructed 
will  nearly  always  be  small,  and  the  obstruction  is  often  multiple. 
In  ulcerative  endocarditis  and  pyaemia  there  may  be  septic  embolism 
and  the  formation  of  abscesses. 

Effects  of  obstruction  of  the  coronary  arteries. — The  results  vary 
somew^hat  according  to  the  suddenness  of  the  obstruction,  the  size 
of  the  vessel,  and  otherwise. 

Sudden  obstruction  of  a  considerable  branch,  usually  brought 
about  by  thrombosis  occurring  in  consequence  of  atheroma,  leads  to 
Infarction  of  the  heart.  The  affected  area  is  usually  in  the  wall  of 
the  left  ventricle,  the  artery  most  frequently  obstructed  being  the 
descending  branch  of  the  left  coronary  artery.  If  death  occurs 
immediately  after  the  obstruction  the  part  will  be  found  of  normal 
j  consistence,  but  pale  yellow  in  colour.  Very  soon  it  becomes  soft 
and  yellowish  white  or  brown  in  colour,  and  the  part  is  depressed 
below  the  surface.  In  some  cases  the  part  becomes  almost  fluid. 
This  condition  of  softening,  which  has  been  called  by  Ziegler  Myo- 
malacia cordis,  may  be  associated  with  haemorrhage.  Under  the 
microscope  the  muscular  fibre  is  found  more  or  less  broken  up,  its 
transverse  striae  have  disappeared,  and  the  fibres  have  assumed  a 
hyaline  or  waxy  appearance  (waxy  degeneration  or  coagulation- 
|  necrosis).  There  is  often,  at  least  in  the  peripheral  part,  a  great 
|  infiltration  of  round  cells,  from  inflammatory  reaction. 

The  softened  portion  of  the  wall  may  give  way  before  the  pressure 
of  the  blood,  and  the  result  may  be  an  Acute  aneurysm  of  the  heart 
or  even  Rupture.  The  condition  under  review  is  probably  the  most 
||  frequent  cause  of  rupture  of  the  organ. 

If  the  patch  of  softening  be  small,  then  through  time  the  muscular 
j  tissue  is  absorbed  and  the  connective  tissue  is  increased  in  the  way  to 
be  described  further  on. 

A  more  Chronic  obstruction  of  a  considerable  branch  or  a  sudden 
obstruction  of  a  smaller  branch,  frequently  leads  to  a  condition  which 
has  been  designated  Fibrous  transformation,  or  (less  happily)  fibroid 
degeneration.  This  condition  is  really  that  present  in  most  cases 
|  of  so-called  Interstitial  myocarditis.  The  gradual  or  more  sudden 
deprivation  of  blood  causes  atrophy  and  degeneration  of  the  muscular 
fibres,  and  the  connective  tissue  comes  to  form  the  chief  or  entire 
|  constituent  of  the  heart- wall,  generally  reinforced  by  a  certain  new- 
|  formation  due  to  chronic  inflammation.  The  patches  of  fibrous  trans- 
j  formation  vary  greatly  in  size  according  to  the  artery  obstructed. 
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They  may  be  simply  small  tendinous  areas  in  the  midst  of  the  muscle 
(see  Fig.  215),  or  they  may  affect  extensive  tracts.    The  tendinous  or 

cicatricial  appearance  is  sometimes  visible 
in  the  musculi  papillares  when  the  ven- 
tricles are  laid  open,  but  it  may  only  be 
discovered  by  slicing  the  muscular  tissue, 
which  is  best  done  by  sections  parallel  to 
the  surface  of  the  heart.  Where  an  ex- 
tensive area  has  undergone  this  transfor- 
mation the  wall  of  the  heart  may  be 
bulged  outwards,  thus  forming  a  Chronic 
aneurysm  of  the  heart.  Under  the  micro- 
scope the  fibrous  patch  consists  chiefly  of 
wavy  connective  tissue,  with  very  little 
appearance  of  inflammation.  There  may 
be  no  muscular  tissue  in  the  midst  of  the 
patch,  but  sometimes  atrophied  fibres  may 
be  visible  (see  Fig.  216). 

Fatty  degeneration  is  also  a  result  of 
obstruction  of  the  coronary  arteries.  This 
is  most  pronounced  in  cases  of  obliteration 
of  the  orifice  of  one  or  both  arteries  by  atheroma  of  the  aorta. 


Fig.  215. — Section  of  left  ventricle 
and  a  niusculus  papillaris  showing 
fibrous  transformation. 


Fig.  216.— Fibrous  transformation  of  heart.  The  muscular  tissue  is  seen  interrupted 
by  connective  tissue,    x  70. 
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In  a  case  observed  by  the  author  where  one  orifice  was  completely  occluded  and 
the  other  somewhat  narrowed,  there  was  generalized  and  typical  fatty  degeneration, 
such  as  one  sees  in  pernicious  anaemia.  There  was  here  a  slowly  advancing  depri- 
vation of  blood,  which  only  proved  fatal  when  very  extreme.  Greenfield  has  re- 
corded a  case  in  which  both  arteries  were  occluded,  and  in  which  he  suggested  that 
the  heart  might  be  partially  nourished  by  imbibition. 

It  is  clear  that,  during  life  there  will  often  be,  in  consequence  of 
obstruction  of  the  coronary  arteries,  serious  functional  disturbance  of 
the  heart.  There  may  be  urgent  dyspnoea,  pain  and  irregularity  of  the 
heart,  leading  up,  it  may  be,  to  death  more  or  less  suddenly.  Angina 
pectoris  is  a  frequent  feature  in  the  cases  of  considerable  interference 
with  the  circulation. 

Literature. — Cohnheim,  Virch.  Arch.,  lxxxv.,  503,  1881 ;  Wickham  Legg,  On 
"cardiac  aneurysms,  Bradshaw  lect.,  1884;  West,  Path,  trans.,  xxxv.,  110,  1884; 
Quain,  On  fatty  heart,  1851;  Weigert,  Virch.  Arch.,  lxxix.,  1880;  Huber,  do., 
lxxxix.,  1882;  Turner,  Trans.  Med.  Congress,  London,  1881,  i.,  427;  Kobin,  Gaz. 
Hebd.,  1885,  No.  51;  Paul,  do.,  No.  10;  Ziegler,  Lehrbuch,  and  Deutsch.  Arch, 
f.  klin.  Med.,  xxv. ;  Hilton  Fagge,  Medicine,  ii.,  32;  Steven  (with  full  literature), 
Lancet,  Dec,  1887,  and  Jour,  of  Path.,  ii.,  190,  1893. 

IV. — RETROGRADE  CHANGES  IN  THE  HEART. 

1.  Atrophy  of  the  heart. — Brown  atrophy.— This  condition  is  one 
of  comparatively  frequent  occurrence,  but  is  for  the  most  part  merely 
a  part  of  general  atrophy,  or  emaciation  of  the  body.    In  emaciating 
diseases  where  the  muscular  system  as  a  whole  has  undergone  great 
I  reduction  in  bulk,  the  heart  is  found  to  take  part  in  the  same  process. 
Taking  the  normal  weight  of  the  heart  as  9  ounces  for  the  female,  and 
j  10  or  11  ounces  for  the  male,  we  may  find  it  reduced  to  6  or  even  5 
i  ounces.    Viewed  as  a  whole  the  heart  is  obviously  smaller,  and  it  has 
a  darker  colour  than  normal,  while  the  coronary  arteries  stand  out 
|  unduly,  often  as  somewhat  prominent  tubes.    This  change  of  colour 
>  and  the  prominence  of  the  arteries  are  largely  due  to  the  loss  of  the 
sub-pericardial  fat,  which  normally  covers  the  greater  part  of  the 
surface  and  accompanies  the  coronary  arteries,  partially  embedding 
them  in  the  adipose  tissue. 

The  muscular  substance  when  incised  is  found  to  be  deeper  in  colour 
and  tougher  than  usual.  On  account  of  this  the  name  of  Brown 
atrophy  is  given.  With  the  atrophy  of  the  muscular  fibres  there  is 
a  concentration  of  pigment  granules  around  the  nuclei.  In  nearly 
all  old  persons  there  is  at  the  two  poles  of  each  nucleus  a  group  of 
brown  pigment  granules,  and  these  increase  greatly.  There  is  also 
frequently  a  distinct  demarcation  of  the  cells  which  constitute  the 
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muscular  cylinders,  an  appearance  which  is  not  normally  present. 
This  has,  without  sufficient  grounds,  been  interpreted  as  an  indication 
of  disintegration  of  the  muscle.  Brown  atrophy  may  be  associated 
with  fatty  degeneration,  the  brown  pigment  being  distinguishable  by 
its  colour  from  the  fat  granules. 

2.  Fatty  infiltration  of  the  heart. — The  normal  heart  is  well  known 
to  present  on  its  surface  a  certain  amount  of  adipose  tissue  (see  Fig. 
217).    This  fat  is  beneath  the  pericardium,  lying  between  it  and  the 

muscular  substance  of 
the  wall.  It  is  normally 
most  abundant  along 
the  course  of  the  cor- 
onary arteries,  along  the 
inferior  border  of  the 
right  ventricle,  at  the 
apex,  and  at  the  origins 
of  the  great  vessels.  In 
different  individuals  the 
amount  of  the  adipose 
tissue  and  the  extent 
to  which  it  covers  the 
muscular  substance  so 
as  to  conceal  it  from 
view,  vary  greatly,  but 
it  may  be  said  generally 
that  a  considerable  part 
of  the  surface  of  the 

right  ventricle  and  the  greater  part  of  that  of  the  left  are  usually 
free  of  fat.  Sometimes  this  fat  increases  greatly,  both  in  superficial 
area  and  in  thickness,  so  that  the  entire  right  ventricle  may  be 
covered  while  a  portion  of  the  left  is  still  free,  or  the  whole  heart 
may  be  coated  with  a  thick  mantle  of  fat. 

The  adipose  tissue  does  not  always  confine  itself  to  the  pericardium, 
but  frequently  extends  into  the  connective  tissue  lying  between  the 
muscular  fasciculi  in  the  proper  muscular  wall  of  the  heart.  The 
superficial  layers  of  the  muscular  wall  may  thus  be  largely  replaced  by 
adipose  tissue,  which  may  even  appear  in  isolated  patches  immediately 
beneath  the  endocardium.  It  is  not  uncommon  to  find  the  proper 
muscular  substance  of  the  right  ventricle  largely  replaced  by  adipose 
tissue,  only  a  thin  layer  of  red  muscle  appearing  inside  the  thick  layer 
of  fat,  and  even  this  interrupted  by  areas  of  adipose  tissue.  The 
accompanying  photograph  (Fig.  218)  shows  the  most  extreme  degree 


Fig.  217. — Wall  of  heart  showing  normal  condition  of  adi- 
pose tissue  on  surface,  to  contrast  with  next  figure,    x  12. 
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of  fatty  infiltration.  It  is  from  a  section  of  the  right  ventricle  whose 
muscle  is  dissociated  and  encroached  upon  by  adipose  tissue  which 
extends  even  to  the  internal  surface  under  the  endocardium.  Of 
course,  in  such  cases,  there  is  great  loss  of  the  muscular  power  of  the 
heart,  the  right  ventricle  being  more  affected  than  the  left. 


Fig.  21S. — Fatty  infiltration  of  heart.  The  illustration  shows  the  whole  thickness 
of  the  right  ventricle.  Adipose  tissue  extends  amongst  the  muscle  through  the 
entire  thickness  of  the  wall,    x  12. 

In  some  cases  the  increase  of  the  external  fat  is  merely  part  of  a  general  obesity, 
in  which  the  fat  in  all  its  various  localities  throughout  the  body  takes  part.  But 
sometimes  its  significance  is  much  more  serious,  and  this  applies  especially  to  the 
cases  in  which  adipose  tissue  forms  between  the  muscular  bundles.  The  space 
occupied  by  the  fat  must  be  obtained  at  the  expense  of  the  proper  muscular  sub- 
stance, and  the  question  arises  whether  the  atrophy  of  the  muscle  is  the  primary 
condition  or  the  fatty  infiltration.  We  have  to  take  into  consideration  the  fact  that 
a  fatty  infiltration  of  an  exactly  similar  character  occurs,  as  we  have  already  seen, 
in  voluntary  muscle,  and  is  there  associated  with  disuse  of  the  muscle.  In  this 
case  the  loss  of  function  is  the  primary  condition  and  the  fatty  infiltration  is 
secondary.  And  so  in  the  case  of  the  heart,  we  meet  with  fatty  infiltration  in  cases 
where  there  is  no  general  obesity,  often  in  old  debilitated  persons,  or  even  in  those 

J  who  have  been  subject  to  some  emaciating  disease  such  as  cancer.  In  that  case  we 
may  infer  that  the  atrophy  and  weakening  of  the  muscle  have  been  primary  and 

j  the  infiltration  of  fat  secondary. 

3.  Fatty  degeneration  of  the  muscular  substance. — This  condition. 
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is  of  exceedingly  frequent  occurrence  in  the  heart,  especially  in  its 
minor  degrees.  Any  disease  which  causes  a  serious  deterioration  of 
the  blood  may  produce  it,  and  it  is  seen  in  its  most  pronounced  form 
in  the  various  kinds  of  anaemia,  in  leukaemia,  and  in  the  acute  fevers. 
It  is  also  brought  about  in  a  very  pronounced  form  in  poisoning  by 
phosphorus  and  arsenic.  In  a  minor  degree  it  is  seen  in  debilitating 
diseases,  and  is  often  the  more  immediate  cause  of  death  in  hj^per- 
trophy  of  the  heart. 

The  fatty  degeneration  usually  shows  itself  in  patches,  so  that  the 
muscular  tissue  is  seen  to  be,  as  it  were,  flecked  with  pale  spots  or 

streaks.  This  is  best  seen  on  examining 
the  muscular  tissue  from  within  (see 
Fig.  219),  as  the  endocardium  generally 
produces  but  little  obscuration  of  these 
markings,  and  they  are  most  abundant 
in  the  inner  layers  of  the  muscular  sub- 
stance. This  flecked  appearance  is  not 
always  present,  and  it  would  be  a  mis- 
take to  infer  the  absence  of  fatty  de- 
generation from  its  absence.  The  heart 
again  is  generally  flabby,  friable,  and 
pale  in  colour,  but  a  very  flabby  heart 
may  be  very  little  fatty,  and  fatty  de- 
generation may  co-exist  with  a  compara- 
tively firm  muscular  tissue.  Microscopic 
examination  should  therefore  always  be 
resorted  to. 

Under  the  microscope  in  those  cases 
in  which  the  degeneration  is  in  patches, 
the  transparent  muscular  tissue  is  seen 
with  a  low  power  to  be  interrupted  by 
opaque  patches,  as  in  Fig.  220.  The 
general  outline  of  the  muscular  cylinders 
Fig.  2i9.-Fatty  degeneration  of  the  is  preserved,  but  they  are  evidently  re- 
spots'  The  muscle  fiecked  with  light  placed  by  some  foreign  material.  Under 

a  high  power,  as  in  Fig.  221,  the  in- 
dividual fat  drops  become  apparent.  These  fat  granules  are  fre- 
quently seen  to  be  in  rows,  representing  the  original  muscular  fibrillar, 
and  the  contractile  substance  is  obviously  lost  or  converted  into  oil. 
In  minor  degrees  the  degeneration  is,  as  a  rule,  more  uniformly  dis- 
tributed in  the  muscular  substance,  and  we  can  see  that  the  fat 
granules  generally  appear  first  in  the  neighbourhood  of  the  nuclei 
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of  the  muscular  fibres,  forming  elongated  collections  extending  from 
either  pole  of  the  nucleus. 


Fig.  220.— Fatty  degeneration  of  the  heart.    The  occurrence  of  the  lesion  in  patches 
is  indicated  by  the  dark  appearance  of  the  fibres,    x  90. 

It  is  clear  that  muscular  fibres  which  have  undergone  this  trans- 
formation in  its  extreme  form,  are  incapable  of  recovering  their 
original  condition.  The 
sarcous  substance  has  un- 
dergone transformation. 
It  is  to  be  inferred,  there- 
fore, that  when  such  a 
heart  recovers  there  is  an 
absorption  of  the  fat  and 

an  aH-.nal  npw-fnrmfltion  Fi£-  221.— Fatty  degeneration  of  the  heart.  A  single 
an    actual    new  IOrmatlOn     fi^Vth  oil  drops  in  it,  as  seen  in  the  fresh  state.    X  350. 

of  muscular  tissue.  This 

process  must  be  a  comparatively  frequent  one  when  we  consider  how 
common  fatty  degeneration  is  in  severe  anaemias  and  in  acute  fevers. 
The  fatty  heart  is  usually  a  dilated  one,  even  where  there  is  no 
dilatation  to  begin  with. 

4.  Fatty  degeneration  of  the  endocardium. — The  valves  of  the 
heart,  more  particularly  the  mitral,  frequently  show  opaque  white 
or  yellow  patches  with  little  or  no  thickening.  These  are  areas 
of  fatty  degeneration;  they  occur  mostly  in  debilitated  and  anaemic 
persons,  but  are  also  met  with  in  cases  where  otherwise  the  body 
is  well  nourished.  These  opaque  patches  without  thickening  should 
be  carefully  distinguished  from  the  results  of  chronic  endocarditis, 
which  are  of  much  more  serious  import. 

5.  Calcareous  deposition  in  the  pericardium  and  connective  tissue. 
— In  connection  with  pericarditis  it  is  not  very  uncommon  to  meet 
with  calcareous  infiltration  of  old  fibrine  or  dried-in  pus  which  may 
remain  on  the  surface.  Again,  where,  in  the  pericardium,  there  has 
been  great  new-formation  of  dense  connective  tissue  from  prolonged 

2  E 
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pericarditis,  lime  salts  may  be  deposited  in  the  hard  tissue.  In 
this  way  we  may  have  the  heart  almost  enclosed  in  a  firm  shell. 
But,  further,  in  the  muscular  substance,  old  cicatrices  may  calcify, 
or  an  abscess  may  dry-in  and  become  impregnated  with  lime 
salts.  In  this  way  we  may  have  stony  masses  developed  in  the 
muscular  wall,  these  being  actually  in  the  connective  tissue  of  the 
wall.  Of  much  greater  frequency  and  importance  is  the  deposition 
of  lime  salts  in  the  valvular  structures.  This  is  usually  a  result  of 
the  changes  occurring  in  chronic  endocarditis  (which  see),  but  we 
meet  with  considerable  calcification,  especially  in  old  persons,  without 
much  thickening. 

6.  Calcareous  infiltration  of  the  muscular  substance. — The  author 
has  met  with  two  cases  of  calcareous  infiltration  of  the  muscular 
substance  of  the  heart,  but  they  differed  somewhat  from  each  other. 
In  one  the  lime  salts  were  deposited  in  massive  form,  converting 
the  muscular  fibres  into  solid  cylinders,  while  in  the  other  there 
was  a  fine  granular  deposition,  causing  the  fibres  to  resemble  those 
in  fatty  degeneration. 

In  the  one  there  were  pale  patches  seen  with  the  naked  eye  in  the  muscular 
substance,  somewhat  like  those  of  fatty  degeneration,  but  larger  and  situated 
in  the  superficial  layers  just  under  the  pericardium.  These  patches  had,  even 
to  the  naked  eye,  a  streaked  appearance,  the  streaks  following  the  direction 
of  the  muscular  fibres  and  indicating  that  the  condition  affected  the  muscular 
substance.  On  cutting  into  the  patches  a  gritty  feeling  was  experienced,  and 
under  the  microscope  the  appearances  seen  in  Fig.  222  were  visible.  The 

muscular  fibres  were  con- 
verted into  solid  cylinders 
which  had  a  markedly 
crystalline  appearance. 
Many  of  the  cylinders 
were  fractured  transversely. 
On  adding  hydrochloric 
acid  to  these  patches, 
there   was   an  abundant 

evolution  of   gas  and  a 
Fig.  222. — Calcareous  infiltration  of  the  muscular  tissue  of  the        ,   ,.         „  ,,  ,. 
heart.    The  branching  muscular  cylinders  are  shown  in  a  petri-     solution  of  the  lime  salts, 
fied  condition  with  transverse  fractures.     From  a  case  of    After  the  lime  salts  were 
py<cnii<i,    x  ooU. 

dissolved    the  muscular 

fibres  were  restored  so  far  as  their  outline  was  concerned,  but  their  transverse 
striae  were  gone.  The  case  in  which  this  occurred  was  one  of  pyaemia,  and  it 
is  probable  that  the  arteries  in  connection  with  these  patches  had  been  obstructed, 
causing  a  necrosis  of  the  portion  of  tissue  which  subsequently  became  impregnated 
with  lime  salts. 

In  the  other  case  the  condition  was  very  different.  A  certain  portion  of  the 
muscular  substance  of  the  left  ventricle  was  found  of  a  pale  colour  suggesting 
fatty  degeneration,  but  the  colour  was  continuous,  and  it  was  the  external  layers 
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that  were  affected,  and  that  mainly  towards  the  apex.  On  microscopic  examina- 
tion the  muscular  fibres  were  found  clouded  with  fine  granules  not  unlike  fat 
granules  (Fig.  223).  The  granules,  however,  were  dissolved  by  hydrochloric  acid, 
but  without  evolution  of  gas.  Koster 
has  met  with  a  somewhat  similar 
case,  and  -  he  believes  that  the  salt 
here  is,  in  part  at  least,  sulphate  of 
lime.  In  this  case  the  true  pathology 
of  the  condition  was  obscure. 

7.  Other  forms  of  degenera- 
tion.—Amyloid  degeneration  is 

rare  in  the  heart,  but  in  extreme 
cases  it  may  exist  in  the  endo- 
cardium and  in  the  intermus- 
cular vessels.  Hyaline  degener- 
ation occurs   in  the   muscular  fibre  °f  tl'f  heart-   ^ine  granules  occupy  the 

muscular -fibres,    x  300. 

cylinders  in  sudden  obstruction 

of  a  coronary  artery  (see  p.  426).  Mucous  degeneration  is  sometimes 
seen  in  the  valvular  structures  in  the  form  of  thickenings  of  the 
marginal  parts  of  the  curtains. 

8.  Injuries  and  rupture  of  the  heart. — Wounds  of  the  heart  are 
not  by  any  means  necessarily  fatal,  although,  of  course,  commonly 
so.  In  most  cases  of  penetrating  wound  of  the  heart  there  will  be 
fatal  haemorrhage,  but  such  wounds,  especially  if  they  do  not  divide 
the  muscular  fibres  transversely,  may  heal,  and  be  finally  closed  by 
connective  tissue.  There  are  even  cases  in  which  the  point  of  a 
knife  or  a  rifle  ball  has  lodged  in  the  heart  and  become  surrounded 
by  a  connective  tissue  capsule. 

Spontaneous  rupture  of  the  heart  rarely  occurs  except  in  conse- 
quence of  softening  from  obstruction  of  a  coronary  artery,  as  has 
been  already  described.    It  sometimes  occurs  in  pyaemia  from  the 
,    formation  of  an  abscess  in  the  wall  of  the  heart.    It  may  also  result 
j    from  the  bursting  of  an  aneurysm  of  the  heart,  but  this  also  is  the 
more  remote  result  of  disease  of  the  coronary  arteries.    Rupture  of 
the  heart  is  sometimes  ascribed  to  fatty  degeneration  of  the  muscular 
fibre,  but  there  seems  no  evidence  that  this  alone  can  cause  it.  The 
rupture  mostly  occurs  in  the  left  ventricle,  and  near  the  apex  or 
1   towards  the  aortic  orifice.    There  is  usually  a  large  escape  of  blood 
i  into  the  sac  of  the  pericardium,  and  the  patient  dies  rapidly. 

Literature. — Atrophy  and  fatty  changes— Albers,  Atropine  des  Herzens ;  in 
Casper's  Wochenschr.,  1836,  50;  Church  (small  heart  weighing  3  oz.  1  dr.), 
Path,  trans.,  xix.,  1868,  p.  147;  R.  Quain,  Fatty  dis.  of  heart,  1851;  Barlow, 
|   Patty  degen.,  1858  ;  Perl  (Fatty  heart  in  anaemia),  Virch.  Arch.,  lix.  39  ;  also 
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Ponfick,  Berl.  med.  Wochenschr.,  1872.  Calcification — Coats,  Glas.  Med.  Jour.,, 
Aug.  1872  ;  also  Heschl,  Zeitschr.  f.  pract.  Heilk.,  1860,  and  Roth,  Correspbl. 
f.  schweizer  Aerzte,  1884  ;  Robin  et  Juhel-Renoy,  Arch.  gen.  de  med.,  1885  ; 
Allan  Burns  (exaggerated  case  of  calcification  of  pericardium  and  heart),  Dis. 
of  heart,  etc.,  1809.  Amyloid  degeneration — Heschl,  Wien.  med.  Wochenschr., 
1870  ;  Kyber,  Virch.  Arch.,  lxxxi.;  Wild,  Amyl.  und  hyalin  degen.  des  Bindege- 
webes,  1885.  Rupture — see  Schrotter,  in  Ziemssen's  Encycl.,  vol.  vi.  Various 
cases  in  Path,  trans.,  etc. ;  Haddon  (Rupture  in  Pyaemia),  Path,  trans.,  xxxv.,  121 ; 
Robin,  Gaz.  hebd.,  1885,  No.  51. 

V.— HYPERTROPHY  AND  DILATATION  OF  THE  HEART. 

Hypertrophy  and  dilatation  concern  chiefly  the  muscular  substance 
of  the  heart,  giving  rise  according  to  circumstances  to  enlargement 
of  particular  ventricles  or  auricles,  or  of  the  heart  as  a  whole. 

Causation. — It  will  be  found  that  this  new-formation  of  muscular 
tissue  is  in  nearly  all  cases  Compensatory,  that  is,  intended  to  make 
up  for  some  defect  in  the  heart  itself  or  in  the  circulation.  The 
needs  of  the  organism  assert  themselves  by  the  nervous  connections 
of  the  body  on  the  cardiac  ganglia,  and  the  contractions  become 
more  forcible.  Within  the  limits  of  health,  and  without  any  increase 
of  the  volume  of  the  cardiac  muscles,  there  are  great  variations 
possible  in  the  force  of  the  cardiac  contractions.  But  where  the 
heart  is  for  a  long  period  impelled  to  unusually  violent  exertion,  it 
becomes  hypertrophied. 

In  many  of  these  conditions  there  is  a  mechanical  interference 
with  the  flow  of  the  blood  either  in  the  heart  itself  or  in  the 
arteries,  and  as  a  consequence  the  heart  is  overloaded  with  blood, 
but  in  some  the  mechanical  cause  is  not  very  obvious.  As  a  general 
rule  the  cavities  are  dilated,  and  the  dilatation  may  indeed  be  the 
primary  condition,  the  hypertrophy  occurring  as  a  secondary  conse- 
quence. It  is  usual,  therefore,  to  consider  dilatation  and  hypertrophy 
together,  there  being  commonly  some  dilatation  along  with  the 
hypertrophy. 

Hypertrophy  from  overstrain. — Idiopathic  hypertrophy. — Patho- 
logists have  frequently  observed  that  hypertrophy  of  the  heart  has 
existed  without  any  mechanical  hindrance  in  the  circulation  being- 
discoverable.  Some  of  these  cases  have  been  traced  to  functional 
disorders  of  the  heart,  the  organ  contracting  more  frequently  and 
violently  than  it  should.  But  some  cases  are  really  due  to  frequent 
and  violent  exercise,  which  has  been  so  prolonged  as  to  have  taxed 
the  contractile  power  of  the  heart  beyond  its  normal  ability.  An 
acute  overstrain  may  be  produced  by  prolonged  muscular  exertion, 
such  as  in  hill-climbing  (Allbutt),  athletic  exercises,  etc.    It  has  been 
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induced  experimentally  by  Roy  and  Adami,  by  narrowing  the  aorta. 
In  that  case  dilatation  of  the  heart,  followed  by  incompetence  of 
the  auriculo- ventricular  valve,  was  the  result. 

When  frequently  repeated,  such  overstrain  will  lead  to  hyper- 
trophy, which  may  only  partly  compensate,  and  there  may  be  a 
permanent  over-dilatation  with  incompetence  of  the  valves. 

This  has  been  observed  under  a  variety  of  circumstances.  It  has  been  described 
as  occurring  amongst  the  Cornish  miners,  who  after  their  work  was  over  had  to 
reach  the  surface  of  the  earth  by  climbing  ladders  for  an  hour  (Peacock),  or  in 
the  case  of  people  in  hilly  countries  who  are  in  the  habit  of  carrying  loads  uphill 
(Munzinger).  It  has  been  observed  also  in  young  soldiers,  who,  as  a  result  of 
severe  drill,  have  frequently  attacks  of  palpitation.  The  ability  of  the  heart 
varies  greatly  in  different  individuals ;  in  some  the  strain  of  drill  reveals  a  weak- 
ness which  has  come  to  be  recognized  in  the  army  as  "  irritable  heart  "  (Da  Costa, 
Maclean  and  Myers).  During  campaigns,  also,  long  marches  may  so  overstrain 
the  heart  as  to  lead  to  dilatation  and  hypertrophy  (Frantzel). 

Adhesion  of  the  pericardium  and  Valvular  disease  are  further 
causes  of  hypertrophy.  In  both  of  them  interference  with  the  circula- 
tion exists,  as  will  be  seen  further  on. 

Obstruction  of  the  coronary  arteries,  leading  to  permanent  loss 
of  a  portion  of  the  muscular  wall,  will  cause  hypertrophy,  both  on 
account  of  the  loss  of  tissue  and  of  the  derangement  of  the  muscular 
apparatus  of  the  wall. 

Hypertrophy  is  a  frequent  result  of  Obstruction  to  the  circu- 
lation in  the  lungs.  In  emphysema,  for  instance,  there  is  great 
obliteration  of  the  pulmonary  vessels,  and  the  right  ventricle 
contracts  more  vigorously  to  compensate.  A  similar  result  may 
follow  other  chronic  diseases  of  the  lung,  and  even  extensive  pleural 
adhesions. 

Interferences  with  the  systemic  circulation,  especially  Aneurysms 

and  Rigidity  of  the  arteries,  are  frequent  causes  of  hypertrophy  of 

the  left  ventricle. 

Chronic  Bright's  disease  leads  to  hypertrophy  of  the  left  ventricle 

by  raising  the  general  systemic  blood-pressure.    (See  further  under 

Diseases  of  the  Kidneys.) 
I     Forms  of  cardiac  hypertrophy. — From  what  has  gone  before,  it 
|  will  be  apparent  that  hypertrophies  of  the  heart  vary  greatly  in 
|  amount  and   in  the  distribution  of  the   enlargement.     The  term 
j  General  hypertrophy  is  used  to  express  an  enlargement  of  the  heart 

in  all  its  parts,  while  Partial  hypertrophy  expresses  an  enlargement 
I  limited  to  a  part  of  the  organ.  As  it  is  the  ventricles  which  are 
I  specially  exposed  to  the  causes  of  hypertrophy,  the  partial  forms 
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are  divisible  into  two,  namely,  hypertrophy  of  the  right  and  left 
ventricles  respectively. 

In  General  Hypertrophy  the  general  shape  of  the  heart  is  not 
much  altered.  The  heart  is  enlarged  in  all  its  parts,  the  ventricles 
and  auricles  are  increased  in  capacity,  and  their  walls  thickened. 
The  heart  is  like  that  of  a  bullock  in  size,  so  that  the  name 
cor  boms  is  often  applied  to  it. 

When  the  right  ventricle  is  mainly  affected,  the  heart  assumes  a 
somewhat  quadrilateral  form  (see  Fig.  224).  On  examining  the 
normal  heart  as  it  lies  on  its  posterior  surface,  after  removal  from 
the  body,  the  right  ventricle  is  seen  to  occupy  the  greater  part  of 
the  anterior  aspect.  The  normal  position  of  the  septum,  as  shown 
in  the  accompanying  figure,  is  slightly  to  the  right  of  the  left 
border,  and  it  reaches  the  apex  region  slightly  to  the  right  of  the 
true  apex.     In  the  heart  the  position  of  the   septum  is  always 


Fig.  224.— Hypertrophy  of  right  ventricle.  The 
alteration  in  shape  is  indicated  by  the  dotted  line  ; 
«,  superior  vena  cava  ;  6,  aorta  ;  c,  conus  arteriosus  ; 
d,  right  auricle  ;  e,  left  auricle  ;  /,  left  ventricle. 

(RlXDFLEISCH.) 


Fig.  225.— Hypertrophy  of  left 
ventricle.  The  alteration  in  shape 
indicated  by  dotted  lines  ;  g,  the 
hypertrophied  ventricle.  (Rind- 
fleisch.) 


indicated  on  the  surface  by  a  coronary  artery,  which,  with  its 
padding  of  fat,  occupies  a  groove  corresponding  with  the  anterior 
border  of  the  septum.  In  hypertrophy  of  the  right  ventricle,  as 
shown  by  the  dotted  line  in  the  figure,  the  apex  is  unduly  obtuse, 
and  it  is  often  difficult  to  determine  what  is  its  exact  seat.  The 
septum  is  nearer  the  left  border  than  usual,  and  it  reaches  the  apex 
region  rather  to  the  left  than  the  right  of  the  most  projecting  point. 
The  right  ventricle  also  monopolizes  the  anterior  aspect  of  the  heart 
still  more  than  in  the  normal  condition.  When  the  heart  is  laid 
open,  the  undue  thickness  of  the  right  ventricle,  as  well  as  the  en- 
largement of  its  cavity,  become  apparent. 
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In  Hypertrophy  of  the  left  ventricle  the  relations  are  very  different, 
as  shown  in  Fig.  225.  The  heart  as  a  whole  is  more  elongated  and 
pointed  than  normal,  and  this  is  often  very  striking.  The  apex  part 
especially  appears  greatly  prolonged.  When  the  heart  is  viewed  on 
its  anterior  aspect  the  septum  is  seen  to  lie  more  to  the  right  than 
is  normal,  and  the  true  apex  is  much  further  to  the  left  of  the 
point  at  which  the  septum  reaches  the  apex  region.  On  laying 
open  the  heart,  the  thickening  of  the  wall  of  the  left  ventricle  is 
very  obvious,  and  the 
septum  is  often  greatly 
thickened.  The  septum 
belongs  partly  to  the 
left  and  partly  to  the 
right  ventricle,  but  as 
the  left  ventricle  is 
much  thicker  than  the 
;  right,  the  septum  be- 
longs more  to  the  left. 
It  will  partake  in  the 
hypertrophy  of  either 
ventricle,  and,  in  the 
case  we  are  considering, 

the  thickening  is  often  very  striking.  The  thickened  septum  fre- 
quently bulges  into  the  right  ventricle,  sometimes  diminishing  its 
capacity  greatly,  and  even  producing  actual  obstruction  of  the  conus 

|  arteriosus.  In  transverse  section  the  hypertrophy  of  the  left  ventricle 
is  sometimes  very  manifest,  the  right  forming  merely  a  crescentic 
appendage  (see  Fig.  226). 

Hypertrophy  and  dilatation  of  the  auricles  is  less  common,  but 
may  be  very  marked.  The  right  auricle  is  specially  liable  to  dilata- 
tion, in  consequence  of  mitral  or  tricuspid  stenosis  (see  Fig.  227), 
or  obstruction  to  the  pulmonary  circulation.  This  dilatation  may 
reach  an  extraordinary  amount,  as  in  Fig.  218  and  in  a  case  recorded 

|  by  Midclleton.  Dilatation  of  the  left  auricle  is  less  frequent.  It 
occurs  by  no  means  regularly  as  a  result  of  mitral  stenosis,  but 

I  occasionally  does  so. 

The  total  Increase  in  weight  in  hypertrophy  of  the  heart  is  greatest  in  cases 
where  both  ventricles  are  enlarged,  and  the  weight  of  the  heart  in  such  cases 
not  uncommonly  reaches  from  27  to  30  ounces.    It  is  least  where  the  right 

I  ventricle  alone  is  enlarged,  because  this  ventricle,  as  a  whole,  weighs  much  less 
than  the  left,  but  in  pure  right  ventricular  hypertrophy  a  weight  up  to  17  ounces 
is  not  infrequent.    In  hypertrophy  of  the  left  ventricle,  as  in  Bright's  disease, 

I  the  weight  is  frequently  over  20  ounces. 


Fig.  226.— Transverse  section  of  ventricles  of  heart  showing- 
hypertrophy  of  the  left,  from  a  case  of  chronic  Bright's 
disease. 
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The  hypertrophied  heart  often  presents  a  peculiarly  firm  condition  of  its  wall, 
and  this  has  been  ascribed  by  Sir  William  Jenner  to  a  Passive  congestion  of  the 
heart.  Cases  of  cardiac  hypertrophy  are  very  frequently  such  as  to  lead  to  a 
general  venous  engorgement,  in  which  the  heart  itself,  being  related  to  the 
general  venous  system,  partakes.  Now,  prolonged  venous  hyperemia  produces 
in  organs,  as  we  have  seen  already,  a  certain  hypertrophy  and  increased  density 


of  the  connective  tissue.  Some  part  of  the  hypertrophy  in  such  cases  may  even  be 
due  to  increase  of  the  interstitial  connective  tissue.  Hence  the  result  is  that  the 
walls  of  the  heart  are  more  rigid  than  normal,  and  when  the  cavities  are  laid 
open  they  do  not  collapse,  but  stand  out  with  their  outline  retained,  the  walls 
having  a  tough  leathery  character.  The  muscular  substance  also  is  frequently 
of  a  very  red  colour,  .  this  being  largely  due  to  the  excess  of  blood  in  the 
vessels. 

Literature. — Overstrain  of  the  heart—  Gaiednee,  Brit,  and  For.  Med.  Chir.  Re-      j  : 
view,  1853  ;  Peacock,  On  some  of  the  causes  and  effects  of  valv.  dis.  of  heart, 
1865  ;  Leitz,  Deutsch.  Arch.  f.  klin.  Med.,  xi.  and  xii. ;  Munzingee,  do.,  xix. ; 
Maclean,  Brit.  Med.  Jour.,  Feb.  16,  1867,  etc. ;  Myees,  On  diseases  of  the  heart      j  5 
among  soldiers,  1870  ;  Feantzel,  Virchow's  Arch.,  lvii.,  215  ;  Cliffoed  Allbutt,  f.^ 
St.  George's  Hosp.  Kep.,  1870,  v.,  23;  Da  Costa,  Am.  Journ.  of  Med.  Sc.,  1871;  Boy 
and  Adami,  Brit.  Med.  Jour.,  1888,  ii.,  1321 ;  Laache  (Athletics),  Internat.  Med. 
Congress,  1894,  Brit.  Med.  Jour.,  1894,  L,  738  ;  Jennee  (Congested  heart),  Med.  I 
Chir.  trans.,  1860,  p.  199);  Middleton,  Clinical  Records,  1894. 
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VI.  — INFLAMMATIONS  OF  THE  HEART. 

The  inflammations  of  the  heart  are  divisible  into  three  forms, 
according  as  the  myocardium,  the  endocardium,  or  the  pericardium 
is  the  primary  seat.    As  the  myocardium  is  closely  in  contact  with 
j  pericardium  and  endocardium,  it  will  sometimes  partake  in  their 
inflammations. 

1.  Myocarditis. — This  name  designates  inflammation  of  the  muscular 
substance  of  the  heart.    Several  forms  are  distinguished. 

Parenchymatous  myocarditis  is  a  general  inflammation  of  the 
proper  muscular  fibre  of  the  heart.  The  term  is  applied  chiefly  to 
cases  of  aggravated  parenchymatous  degeneration,  occurring  in  acute 
infective  diseases.  It  is  met  with  chiefly  in  septic  and  pysemic  con- 
ditions, and  in  diphtheria. 

It  must  be  said  that  this  form  of  disease  is  somewhat  indefinite,  and,  in  any 
case,  is  secondary  in  its  origin.    There  is  reason  to  believe,  however,  that  certain 
of  the  morbid  poisons  attack  the  heart  more  especially,  and  act  directly  on 
its  muscular  substance.    This  is  true  especially  of  diphtheria,  and  perhaps  also 
|  small-pox. 

Purulent  myocarditis  is  also  a  secondary  affection,  occurring  in 
consequence  of  the  transportation  of  material  containing  infective 
microbes.  It  is  frequently  embolic,  being  part  of  the  phenomena  of 
Pyaemia  or  Ulcerative  endocarditis.  The  infective  matter  is  dis- 
tributed by  the  coronary  arteries,  and  gives  rise  to  multiple  softenings 

j  going  on  to  the  formation  of  Abscesses.  Such  localized  suppurations 
soften  the  wall  of  the  heart,  and  may  lead  to  Aneurysm  or  Rupture. 
The  abscesses  do  not  readily  burst  into  the  cavities  of  the  heart,  but 
are  liable  to  extend  to  the  pericardium,  where  they  give  rise  to  a 
purulent  pericarditis.  A  suppurative  inflammation  of  the  myocardium 
may  also  occur  by  extension  from  the  endocardium  in  ulcerative 

'endocarditis.  The  microbes  on  which  this  disease  depends  may 
propagate  into  the  muscular  substance,  and  so  cause  ulceration  (acute 
ulcer  of  the  heart),  or  may  even  lead  to  an  abscess  burrowing  in  the 

iwall  of  the  heart.  This  also  may  lead  to  aneurysm  or  rupture  of 
the  wall.    It  must  be  seldom  that  such  abscesses  as  those  will  heal, 

[but  there  are  cases  in  which  calcification  either  of  the  abscesses,  or 
of  portions  of  the  heart's  substance  which  had  been  softened  by 
embolism,  has  been  observed  in  pyaemia.  A  case  observed  by  the 
author,  and  referred  to  under  calcareous  infiltration,  was  probably  of 
this  kind. 

Interstitial  myocarditis  consists  in  an  inflammatory  increase  of 
the  interstitial  connective  tissue.    There  is  no  doubt  that  in  the 
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great  majority  of  cases  the  cicatricial  or  tendinous  patches  met  with 
in  the  heart  are  due  to  obstruction  of  the  coronary  artery,  as  already 
described,  and  in  all  such  cases  these  arteries  should  be  examined. 
A  more  direct  local  inflammation  may  be  due  to  other  specific  causes. 
Thus  in  pericarditis  or  in  endocarditis,  the  inflammation  may  extend 
to  the  muscular  substance,  causing  induration  of  the  superficial  layers 
on  the  one  hand,  or  of  the  internal  layers  on  the  other.  And  again 
in  chronic  endocarditis  affecting  the  mitral  valve  we  often  find,  along 
with  thickening  of  the  chordae  tendinese,  a  partial  conversion  of  the 
musculi  papillares  into  dense  fibrous  tissue,  in  fact,  an  interstitial 
inflammation  with  destruction  of  the  muscular  tissue. 

A  localized  interstitial  myocarditis  may  be  the  result  of  Syphilis. 
There  is  sometimes  a  definite  gumma,  around  which  a  great  new- 
formation  of  connective  tissue  has  occurred,  but  there  may  be  a 
local  cicatricial  condition  without  any  gumma  being  detected.  In 
these  cases  there  has  probably  been  a  gumma  at  an  earlier  period. 
Syphilis  may  also,  perhaps,  produce  fibrous  transformation  by  causing 
syphilitic  lesions  in  the  coronary  artery  such  as  already  described. 

It  is  doubtful  whether  a  general  interstitial  myocarditis  occurs.  Some  have 
asserted  its  existence  in  dilated  and  hypertrophied  hearts,  and  especially  in 
the  hypertrophy  of  the  left  ventricle  in  Bright' s  disease  (see  especially  Turner). 
There  is,  no  doubt,  in  the  congested  heart  hypertrophy  of  the  connective  tissue, 
but  the  author  has  failed  to  find  evidence  of  a  true  inflammatory  condition  either 
here  or  in  the  hypertrophy  of  Bright's  disease. 

2.  Endocarditis. — The  various  forms  of  endocarditis  are  somewhat 
closely  related  to  each  other,  but  it  is  possible  to  distinguish  three 
forms — a  simple  acute,  a  simple  chronic,  and  an  ulcerative  or  infective 
form. 

(a)  Simple  acute  endocarditis  (Endocarditis  verrucosa)  occurs  as  a 
secondary  effect  of  certain  acute  febrile  diseases. 

Causation. — Chief  amongst  the  causes  is  Acute  rheumatism,  but 
Chorea  is  also  to  be  assigned  as  a  frequent  cause,  and  more  rarely 
scarlet  fever,  measles,  typhoid  fever.  According  to  Bamberger  20 
per  cent,  of  the  cases  of  acute  rheumatism  are  complicated  with 
acute  endocarditis,  and  according  to  Osier  30  per  cent,  of  the  cases 
of  chorea  are  so  affected.  Whatever  view  we  take  of  the  origin  and 
nature  of  acute  articular  rheumatism,  it  must  be  admitted  that  the 
blood  is  of  an  unusually  irritating  nature,  being  the  carrier  of  some 
irritant  of  unknown  nature.  The  occurrence  of  acute  inflammations  in 
several  joints  often  removed  considerably  from  one  another,  and  the 
frequent  supervention  of  inflammation  in  the  pericardium  and  endocar- 
dium, are  sufficient  evidences  of  this.    The  irritant,  whatever  be  its 
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nature,  seems  to  act  specially  on  connective  tissue  membranes,  and  on 
such  as  are  exposed  to  friction  of  their  surfaces.  It  affects  the  joints 
where  the  synovial  membranes  lie  against  each  other  and  in  the 
movements  of  the  joints  are  moved  on  one  another.  It  attacks  the 
pericardium  where  the  movements  of  the  heart  cause  continuous 
rubbing,  and  when  it  attacks  the  endocardium  it  affects  exactly  the 
localities  where  the  surfaces  come  in  contact.  It  is  as  if  in  addition 
to  the  irritant  in  the  blood,  the  mechanical  irritation  of  friction  were 
necessary  to  the  occurrence  of  inflammation,  and  it  may  be  added 
that  in  the  adult  the  inflammation  is  usually  limited  to  the  valves 
of  the  left  side  of  the  heart,  where  the  higher  tension  of  the  blood 
and  greater  force  of  the  heart  make  the  mechanical  force  of  friction 
greater  than  on  the  right  side.  We  shall  see  afterwards  how  this 
fact  bears  on  the  localization  of  the  endocarditis. 

Characters  of  lesion. — The  most  characteristic  effects  produced  in 
acute  endocarditis  are  the  so-called  Warty  vegetations,  which  are 
pale,  irregular  projections  from  the  surface  of  the  endocardium, 
generally  of  small  size  and  somewhat  shaggy  in  appearance.  (See 
Figs.  228  and  229.) 


Fig.  22S. — The  aortic  valve  in  acute  endocarditis.    The  warty  vegetations,  occupy- 
ing the  lines  of  contact,  are  shown. 

The  vegetations  are  composed  partly  of  the  swollen,  inflamed  tissue 
of  the  valve  and  partly  of  fibrine  deposited  on  the  inflamed  surface. 
The  inflamed  connective  tissue  produces  round  cells  and  is  converted 
into  granulation  tissue,  and  the  affected  parts  are  thus  increased  in 
bulk,  and  rendered  more  friable  so  that  irregular  projections  are 
produced.  The  projections  are  enlarged  by  deposition  of  fibrine, 
which  may  be  regarded  as  a  kind  of  fibrinous  exudation,  but  is 
derived  from  the  blood  flowing  over  the  surface,  and  not  from  the 
vessels  of  the  part.  It  is,  perhaps,  more  correctly  a  thrombosis, 
and  as  the  blood  is  in  motion  the  White  thrombus  is  the  form 
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produced.  The  hbrine  generally  forms  the  greater  part  of  the  bulk 
of  the  vegetations.  On  their  first  occurrence  the  vegetations  are 
limited  to  the  parts  of  the  valves  which  come  against  each  other  in  1 

the  closure  of  the  valves,  and 
this    localization     continues  i 
more  or  less  throughout. 

When,  after  removal  of  the  i 
heart,  a  stream  of  water  is  I 
sent  into  the  aorta  cut  trans- 
versely  a  short  distance  above 
the  valve,  we  can  look  down 
on  the  valve  closed  by  the  I 
force  of  the  water.     It  will  I 
then  be  seen  that,  in  the  nor-  i 
mal  valve,  the  curtains  are  j 
not  in  contact  by  their  mar- 
gins,  but   that   the  line  of 
contact  is   slightly  removed  I 
from  their  edges,  and  a  certain  portion  of  the  valve  floats  free  in  the 
water,  taking  no  direct  part  in  the  closure  of  the  orifice.    The  line  of 
contact  is  nearest  the  edge  of  the  curtain  at  the  middle  of  each  segment  j 
or  the  corpus  Arantii,  and  forms  on  either  side  of  this  a  curved  line 
with  the  convexity  downwards.    Between  the  line  of  contact  and 
the  edge  of  the  curtain  the  valve  is  often  perforated,  and  it  may 
even,  as  we  have  seen  before  (p.  420,  Fig.  211),  be  partially  resolved 
into  tendinous  cords  without  interfering  with  the  closure  of  the 
valve. 

In  the  mitral  valve  the  line  of  contact  is  also  removed  from  the 
edges  of  the  curtains.  In  the  case  of  the  aortic  valve  the  line  of 
contact  is  of  course  on  the  ventricular  side  of  the  curtains,  but  in 
the  mitral  it  is  on  the  auricular  side,  and  in  order  to  see  the 
vegetations  in  acute  endocarditis  it  is  usually  necessary  to  examine 
the  orifice  by  looking  in  from  the  auricle.  Acute  endocarditis  of 
the  mitral  often  escapes  notice  from  this  not  being  done. 

In  acute  endocarditis  the  warty  vegetations  frequently  demarcate 
very  accurately  the  lines  of  contact  of  the  aortic  and  mitral  valves, 
and  the  appearances  produced  in  the  former  case  are  indicated  in 
Fig.  221.  When  the  inflammation  extends  to  the  valves  of  the  right 
side,  the  same  principles  apply.  In  the  case  of  the  pulmonary  valve 
the  vegetations  appear  along  the  line  of  contact  on  the  ventricular 
aspect  of  the  curtains,  and  in  the  tricuspid  they  are  to  be  seen  by 
looking  down  through  the  auricle. 


Fig.  229. — Acute  endocarditis  of  mitral  valve.  The 
curtains  are  fringed  with  prominent  warty  vegeta- 
tions. From  a  child  of  seven,  the  subject  of  acute 
rheumatism. 
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The  occurrence  of  these  changes  in  the  tissue  renders  it  unduly 
brittle,  and  it  is  not  surprising  to  find  that  bits  of  the  vegetations 
are  frequently  broken  oft'  and  carried  by  the  arteries  to  distant 
parts,  to  produce  embolism  there.  These  broken-off  pieces  are  mostly 
small,  and,  beyond  the  ordinary  phenomena  of  embolism  in  small 
arteries  and  capillaries,  they  do  not  by  their  own  nature  produce 
much  disturbance,  in  this  respect  contrasting  with  the  emboli  of 
ulcerative  endocarditis.  The  softening  of  the  tissue  may  result  in 
one  of  two  further  lesions,  either  of  which  may  interfere  with  the 
function  of  the  valve  :  these  are  rupture  of  the  chordae  tendinese  and 
valvular  aneurysm. 

Rupture  of  the  chordae  tendinese  sometimes  occurs  in  the  mitral 
valve  when  the  inflammation 
happens  to  extend  to  these  HMMn 
structures.  The  result  will 
be  that  during  the  systole 
of  the  ventricle  the  valvular 
curtain  will  be  allowed  to 
some  extent  to  pass  upwards 
towards  the  auricle,  and  so 
allow  of  regurgitation  through 
the  orifice. 

Aneurysm  of  the  valves  is 
the  condition  in  which  a 
pouch  exists,  projecting  from 
a  valve  and  with  a  narrow 
neck  (Fig.  230).  It  occurs  in 
ulcerative  as  well  as  in  simple 
acute  endocarditis.  With  the  aid  of  the  accompanying  diagram  (Fig. 
231),  the  mode  of  formation  of  the  aneurysm  may  be  illustrated  in 


Fig.  230. — Aneurysms  of  aortic  valve.  There  is  one 
to  the  left  in  the  form  of  a  pouch,  and  one  to  the  right 
which  has  ruptured. 


Fig.  231. — Diagram  of  mode  of  formation  of  aneurysm  of  aortic  valve.  The  curtain 
(«)  formed  of  two  layers ;  at  (6)  its  outer  layer  roughened  and  softened ;  at  (c)  the 
aneurysm,  which  has  burst  at  (d),  so  as  to  perforate  the  valve. 

the  case  of  the  aortic  valve,  which  is  its  most  frequent  seat.  The 
semilunar  curtains  which  form  the  valve  are  each  composed  of  a 
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double  fold  of  endocardium,  as  represented  at  a.     In  acute  endo- 
carditis it  is  the  ventricular  layer  which  is  principally  involved 
along  the  line  of  contact,  as  indicated  at  b.    The  aortic  layer  is  j 
usually  smooth  and  unaltered  to  the  naked  eye.     At  the  affected  j 
part  of  the  ventricular  layer  the  tissue  is  softened,  and  during 
the  closure  of  the  valve,  the  single  aortic  layer  may  be   unable  i 
to  support  the  full  pressure  of  the  blood.    In  this  way  it  may  be  | 
pushed  towards  the  ventricle,  carrying  before  it  the  softened  ventri- 
cular  layer,  as  at  c.    It  will  be  apparent  that,  in  the  case  of  the 
aortic  valve,  the  aneurysm  will  always  project  into  the  ventricle. 
In  the  case  of  the  mitral  valve,  on  the  other  hand,  the  softened 
layer  is  on  the  auricular  surface  of  the  valve,  and  the  pressure  of 
the  blood  during  closure  of  the  valve  being  exercised  towards  the  ; 
auricle,  the  aneurysm  consequently  projects  towards  that  cavity. 

As  the  aneurysm  owes  its  origin  to  acute  endocarditis,  its  surface 
is  usually  covered  with  vegetations,  which  are  often  very  abundant,  1 
and  may  so  conceal  the  aneurysm  as  to  lead  to  its  being  overlooked. 
The  aneurysm,  again,  may  rupture,  and  so  produce  a  perforation  of 
the  valve.  It  is  sometimes  as  if  the  bottom  had  been  blown  out  of 
the  aneurysm  and  a  short  tube  left,  surrounded  by  shaggy  vegetations  | 
(as  at  d  in  figure).  Even  in  that  case,  however,  if  the  neck  of  the 
aneurysm  be  examined,  it  is  often  found  that  the  endocardium,  as 
it  passes  into  it,  is  smooth  and  unaltered. 

(b)  Chronic  endocarditis  commonly  follows  on  the  acute  form, 
and,  like  it,  is  related  to  acute  rheumatism,  chorea,  etc.,  but  it  may  j 
be  of  more  independent  origin,  not  infrequently  occurring  in  the  j 
aortic  valve  along  with  the  similar  disease  of  the  aorta,  namely, 
Atheroma.     (See  further   on,  under  Insufficiency   of  the  Aortic 
Valve.)    It  is  also  stated  by  Boy  and  Adami  that  overstrain  of  the  | 
heart,  by  acting  mechanically  on  the  valvular  structures,  induces 
< edema  and  subsequent  thickening.    In  the  ordinary  rheumatic  form 
it  appears  as  if  the  irritation  were  prolonged  in  a  less  intense  form, 
and  the  changes  in  the   valvular   structures   extend   beyond  the 
localities  which  we  have  seen  to  be  mainly  affected  in  acute  endo- 
carditis. 

The  chronic  form  is  chiefly  characterized  by  new-formation  of 
connective  tissue.  The  granulation  tissue  of  the  acute  stage  develops  j 
into  connective  tissue,  and  the  process  extends  slowly  to  the  remain- 
ing structures  of  the  valves.  In  this  way  arise  great  thickenings 
of  the  valves  (Fig.  232),  and,  as  the  connective  tissue  is  of  that 
dense  nature  common  in '  chronic  inflammations,  the  thickened  valv-  ! 
ular  structures  are  often  exceedingly  rigid.    The  new-formed  tissue 
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also  contracts,  and  in  this  Avay  we  may  have  great  retractions  of 
the  valves  leading  to  serious  deformities  (see  Fig.  233),  as  we  shall 
see  in  studying  valv- 
ular diseases.  Again, 
it  frequently  happens 
that  two  opposed  in- 
flamed surfaces  coal- 
esce, and  we  may  have 
still  further  deformity 
from  this,  as  in  Fig. 
234.  We  have  already 
seen  that  the  inflam- 
mation may  extend 
from  the  endocardium 
to  the  muscular  sub- 
stance, leading  to  cica- 
tricial transformation 
of  it. 

In  the  great  majority  of  cases,  the  endocarditis  is  limited  to,  or 
has  its  centre  in,  the  valvular  structures,  but  it  sometimes  happens 
that  in  other  parts  of  the  heart  an  apparently  independent  endocar- 


Fig.  232.— Great  thickening  of  the  chorda;  tendinese  of  the 
mitral  valve,  the  result  of  chronic  endocarditis. 


Fig.  233. — Thickening  and  shortening  of  the 
cusps  of  the  aortic  valve,  the  result  of  chronic 
endocarditis.  Insufficiency  of  the  valve  is 
the  result. 


Fig.  234. — Greatly  deformed 
aortic  valve  seen  from  the  ven- 
tricle. The  curtains  are  coalesced 
into  a  rigid  diaphragm.  The 
rough  surface  presents  cal- 
careous matter. 


ditis  is  set  up.  This  may  be  along  with  valvular  endocarditis,  but 
separated  from  it  by  sound  tissue,  or  it  may  be  without  any  valvular 
lesion.  We  may  find  an  isolated  patch  of  thickening  on  the  surface 
of  the  left  ventricle,  and  we  have  already  seen  that  the  disease  may 
penetrate  into  the  muscular  substance. 

The  thickened  and  rigid  connective  tissue  frequently  becomes  the 
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seat  of  secondary  changes.  Fatty  degeneration  may  occur.  But  this 
is  much  less  frequent  than  Calcareous  impregnation,  which  may  be 
taken  as  evidence  that  the  hard,  dense,  cicatricial  connective  tissue 
has,  to  a  great  extent,  lost  its  vitality.  This  condition  is  so  frequent 
that  it  may  be  regarded  as  a  normal  occurrence  in  chronic  endocarditis. 
It  sometimes  occurs  with  a  very  moderate  degree  of  thickening, 
especially  in  affections  of  the  aortic  valve  already  referred  to  as 
connected  with  atheroma,  and  its  extent  and  the  date  of  its  occurrence 
are  doubtless  determined  by  individual  peculiarities.  It  may  occur 
in  the  form  of  a  moderate  calcification  in  the  deeper  parts  of  the 
thickened  tissue,  or  the  lime  salts  may  be  deposited  in  a  more 
bulky  form  so  as  to  give  the  feeling  of  considerable  stony  masses. 
The  occurrence  of  calcareous  infiltration  is  often  of  serious  import. 
The  valvular  structures  are  rendered  still  more  rigid,  and  there 
enters  the  new  element  of  brittleness.  The  calcified  portion  of  the 
valve  is  exposed  very  often  to  mechanical  violence  in  the  closure  of 
the  valve,  and  it  is  common  to  find  that  the  valve  has  been  broken, 
as  in  Fig.  234,  and  a  piece  of  calcareous  matter  carried  off.  So  far 
as  the  valve  is  concerned,  this  is  not  very  serious,  but  as  the  piece 
carried  off  is  usually  of  some  size,  the  resulting  Embolism  is  fre- 
quently of  great  consequence.  Embolism  of  the  cerebral  arteries 
leading  to  extensive  softening  is  more  frequent  in  chronic  than  in 
acute  endocarditis,  and  probably  the  same  applies  to  aneurysms 
of  the  larger  cerebral  arteries,  which,  as  we  shall  afterwards  see,  may 
have  their  origin  in  embolism.  Embolism  of  the  spleen  and  kidneys 
is  also  a  frequent  result.  The  rough  surface  left  by  the  breaking- 
off  of  the  calcareous  piece  gets  coated  with  fibrine,  and  the  fibrine 
may,  by  getting  detached,  form  a  fresh  source  of  embolism. 

It  is  necessary  carefully  to  distinguish  from  chronic  endocarditis 
the  formation  of  Opaque  patches  on  the  valves  with  very  little 
thickening.  These  are  due  to  fatty  degeneration  and  are  mentioned 
at  p.  433. 

(c)  Ulcerative  endocarditis  (also  called  Malignant  and  Infective 
endocarditis).  The  special  features  in  this  disease  are  the  activity  of 
the  destructive  process  in  the  heart,  its  connection  with  the  existence 
of  micrococci,  and  the  virulence  of  the  metastatic  processes  when 
emboli  are  carried  to  distant  parts. 

Causation. — The  disease  is  due  to  the  implantation  of  pathogenic 
microbes  on  the  endocardium.  Pyogenic  micrococci  constitute  the 
form  of  microbe,  but  the  source  of  these  is  sometimes  obscure.  The 
disease  has  been  observed'  to  occur  in  the  course  of  a  number  of  acute 
febrile  affections.    It  is  met  with  in  pysemia,  puerperal  fever,  acute 
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rheumatism,  small-pox,  etc.,  and  Osier  has  pointed  out  that  in  a  large 
proportion  of  cases  acute  pneumonia  has  been  the  primary  disease. 
There  are,  however,  cases  in  which  no  definite  connection  with  any 
other  disease  can  be  traced.  In  the  case  of  pyaemia  and  puerperal 
fever  the  source  of  the  microbes  is  not  far  to  seek,  but  in  the  other- 
cases  it  is  more  difficult.  In  order  to  the  occurrence  of  ulcerative 
endocarditis,  it  seems  probable,  from  the  results  of  experiments  on 
animals,  that  some  previous  damage  to  the  endocardium  is  usually 
to  be  inferred.  This  damage  may  be  the  result  of  a  simple  endocar- 
ditis, and  the  way  being  thus  opened,  the  microbes  may  find  entrance. 

The  micrococci  from  cases  of  ulcerative  endocarditis  have  been  cultivated  on 
nutrient  media  in  order  to  determine  their  characters.  They  have  been  found 
to  possess  the  usual  characters  of  the  micrococci  of  suppuration.  Thus  the 
Staphylococcus  pyogenes  aureus  and  albus  and  the  Streptococcus  pyogenes  have 
been  found  (Weichselbaum). 

Experiments  have  been  made  by  injecting  cultures  of  these  microbes  into 
the  blood  of  rabbits.  It  has  been  found  that  as  a  rule  their  simple  presence 
in  the  blood  is  not  sufficient  to  cause  ulcerative  endocarditis,  but  that  when  the 
valves  are  at  the  same  time  injured  then  this  affection  supervenes  (Orth  and 
Wissokowitsch).  On  the  other  hand,  it  was  found  by  Eibbert  that,  when  an 
emulsion  was  made  of  a  culture  of  these  microbes  on  potatoes,  the  injection  of 
the  emulsion  was  followed  by  ulcerative  endocarditis.  Apparently  small  particles 
of  potato  adhered  to  the  endocardium  and  planted  the  microbes. 

Characters  of  lesion.— In  its  local  manifestations  this  form  presents 
some  resemblance  to  simple  acute  endocarditis.  The  disease  affects, 
usually,  the  valvular  structures, 
and  produces  an  enlargement  and 
roughening  of  them.  But  there 
is  not  the  same  localization  along 
the  lines  of  contact,  the  process 
generally  developing  in  a  defined 
area,  sometimes  removed  from 
the  valve.  Again,  the  disease,  as 
the  name  implies,  is  a  much 
more  destructive  one,  the  parts 
concerned  breaking  down  more 
readily  (see  Fig.  235).  In  this 
way  perforation  or  aneurysm  of 

,  Fig.  235.— Ulcerative  endocarditis  affecting  the 

the   Valve    more    readily    OCCUrS.     aortic  valve.   There  is  a  local  lesion  with  marked 

.  prominence  and  a  large  perforation. 

Sometimes  an  actual  suppuration 

manifests  itself  in  the  valvular  structures,  but  the  frequent  passage 
of  the  blood  prevents  any  considerable  accumulation  of  pus.  The 
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ulceration  sometimes  passes  to  the  muscular  wall  of  the  heart, 
especially  when  the  patch  of  ulceration  is  away  from  the  valves,  ! 
and  in  this  case  the  destructive  process  spreads  rapidly  in  the  myo-  j 
cardium,  and  a  distinct  abscess  may  be  the  result.    In  this  way  also  I 
an  acute  aneurysm  of  the  heart  may  supervene. 

In  their  more  intimate  characters,  also,  the  conditions  in  ulcerative 
endocarditis  differ  from  those  in  the  ordinary  simple  form.    As  the  j 
accompanying  figure  (236)  shows,  there  is  a  very  marked  infiltration 


Fig.  236. — Portion  of  valve  in  ulcerative  endocarditis,  a,  Fibrine  with  colonies  of 
micrococci  ;  the  colonies  are  indicated  by  the  roundish  clumps  ;  b,  endocardium 
becoming  raised  by  inflammatory  infiltration  ;  e,  elastic  layer  of  endocardium  ;  c, 
round  cells  infiltrating  endocardium,  at  d,  passing  into  superficial  layer  of  fibrine 
and  micrococci,    x  22. 


of  the  valvular  structures  with  round  cells,  almost  a  suppurative 
condition.  This  is  immediately  overlaid  by  a  fibrinous  coagulum,  as 
in  the  case  of  simple  endocarditis,  but  mixed  with  the  fibrine  there 
are  colonies  of  micrococci  which  give  quite  a  striking  character  to 
the  layer.  The  appearances  in  distant  parts  are  evidence  that  pieces 
are  frequently  carried  off  from  the  valves,  and  looking  to  the  soft 
character  of  the  superficial  parts  we  are  not  surprised  at  the  occur- 
rence of  Multiple  embolism. 

Perhaps  the  most  striking  feature  in  this  disease  is  the  occurrence  of 
Metastatic  abscesses  in  distant  parts.  These  are  found  in  the  heart 
itself,  in  the  spleen,  in  the  kidneys,  in  the  skin,  etc.  They  are  every-  j 
where  of  small  size,  and  usually  in  large  numbers.  These  abscesses 
are  obviously  related  to  emboli  carried  off  from  the  endocardial  lesion, 
and  lodged  in  the  finer  arteries  or  capillaries.  The  accompanying  figure 
(237)  represents  a  small  artery  in  the  midst  of  an  incipient  abscess 
in  the  kidney.  It  is  seen  ihat  its  calibre  is  plugged  by  a  material 
in  which  are  occasional  masses  of  micrococci.   At  the  distal  part  the 
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wall  of  the  artery  is  obscure,  apparently  from  necrosis,  and  the 
vessel  is  buried  in  an  enormous  aggregation  of  round  cells.  The 
micrococci  are  frequent  in  the  capillaries  and  Malpighian  vessels, 


Fig.  237.— From  the  kidney  in  ulcerative  endocarditis.  An  artery  is  shown, 
plugged  with  a  dark  material  containing  micrococci.  Around  these  are  myriads  of 
leucocytes  which  are  infiltrating  the  necrosed  wall  of  the  vessel  and  the  kidney 
tissue  around,    x  90. 

I  but  not  generally  with  obvious  inflammation ;  apparently  they  are 
:  in  that  case  of  recent  development,  possibly  to  some  extent  post- 
mortem, and  their  products  have  not  had  time  to  produce  inflam- 
mation. 

We  have  seen  that  the  micrococci  produce,  locally,  an  intensely 
j  irritating  action,  and  that  necrosis  of  the  tissue  attacked  is  a 
j  common  result.  It  is  probable  that  they  also  produce  changes  in 
|  the  constitution  of  the  blood.  Patients  affected  with  this  disease 
I  frequently  present,  like  those  in  pyaemia,  a  yellow  colour  of  the 
skin  approaching  to  that  of  jaundice.  The  probable  explanation  of 
|  this  is,  that  the  blood-corpuscles  undergo  solution,  and  the  colouring 
j  matter  stains  the  skin.  Besides  that,  we  often  have  little  ecchymoses 
I  of  the  skin,  and  small  Haemorrhages  in  the  pia  mater,  and  even  in 
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the  brain  substance.  These  have  been  found  associated  with  the 
presence  of  colonies  of  micrococci  in  the  capillaries,  and  are  to  be 
ascribed  to  the  action  of  these  in  weakening  the  wall,  and  allowing 
escape  of  blood. 

3.  Pericarditis. — The  pericardium  in  its  anatomical  and  pathological 
relations  corresponds  to  the  other  serous  sacs,  and,  to  a  certain  extent, 
to  the  synovial  cavities.  The  pleura,  peritoneum,  and  pericardium  are 
to  be  regarded,  as  we  previously  found  in  studying  oedema  and  dropsy, 
as  large  lymphatic  spaces.  These  sacs  are  composed  of  connective 
tissue,  and  lined  with  a  single  layer  of  flat  endothelium.  By  means  of 
numerous  stomata  they  are  in  communication  with  the  lymphatic 
vessels,  and  to  some  extent  with  one  another.  The  pericardium  is 
in  less  direct  communication  with  the  pleura  and  peritoneum  than 
these  are  with  each  other,  but  by  circuitous  routes  there  is  some 
communication,  especially  with  the  pleura.  It  is  to  be  remembered 
also  that  through  each  serous  cavity  there  is  a  certain  circulation 
of  serous  fluid.  This  fluid  does  not  accumulate  in  the  sac,  because 
it  is  carried  off  as  quickly  as  it  is  transuded  from  the  vessels,  but 
if  the  transudation  increases  greatly  there  may  be  an  accumulation 
and  consequent  dropsy. 

(a)  Acute  pericarditis. — In  considering  the  Causes  of  this  disease 
it  is  of  some  consequence  to  note  that  the  inflammation  usually  affects 
the  whole  surface  at  once.  This  seems  to  indicate  that  an  irritant 
has  found  admission  to  the  pericardial  sac,  and  by  the  motions  of 
the  heart  and  the  natural  currents  of  the  fluid  in  the  sac,  has  been 
carried  hither  and  thither  throughout  it.  There  are  many  cases  in 
which  the  tubercular  virus  is  the  irritant ;  we  find  tubercles  in  the 
inflamed  tissue  of  the  pericardium.  (See  afterwards  under  Tuber- 
cular Pericarditis.)  The  majority  of  cases  of  simple  pericarditis  is 
associated  with  acute  rheumatism.  There  are  some  cases  in  which 
the  disease  appears  to  be  of  spontaneous  origin ;  it  is  ascribed  to 
cold.  Bright's  disease  in  its  various  forms  strongly  predisposes  to 
inflammations  of  the  serous  membranes,  especially  the  pericardium 
and  pleura. 

In  regard  to  the  Phenomena  which  manifest  themselves  at  the 
onset  of  an  acute  pericarditis,  we  may  presume  that  the  irritant 
induces  the  changes  in  the  vessels  which  have  been  described  in 
treating  of  inflammation  in  general,  but  opportunities  are  wanting 
for  observing  the  consequent  redness,  as  patients  survive  this  early 
stage.  Exudation  from  the  vessels  soon  follows,  and  serous  fluid 
begins  to  accumulate  in  the  sac.  As  the  inflammation  affects  the 
surface  of  the  sac,  the  endothelial  lining  is  very  directly  involved. 
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The  flat  endothelial  cells  are  to  a  considerable  extent  shed,  being 
apparently  killed  by  the  irritant,  but  they  may  also  be  found 
showing  signs  of  germination.  The  exudation  consists  primarily  of 
exuded  liquor  sanguinis  with  contractile  cells,  but  soon  Fibrine  is 
deposited  on  the  inflamed  surface.  (See  Fig.  45,  p.  142.)  The 
detachment  of  the  endothelium  seems  to  be  the  circumstance  which 
determines  the  coagulation,  on  principles  already  explained.  The 
deposition  of  fibrine  occurs  on  both  visceral  and  parietal  layers  of 
the  sac,  but  it  is  usually  thickest  on  the  visceral  surface,  where  it 
may  present  shaggy  masses  on  the  surface  of  the  heart  (see  Fig.  238). 


Fig.  238.  —Acute  pericarditis.    The  surface  of  both  visceral  and  parietal  layers  of 
the  pericardium  is  coated  with  fibrine. 

It  is  whitish  in  colour,  and  of  soft,  almost  gelatinous  consistence. 
The  fibrinous  layers  on  the  opposed  surfaces  of  the  pericardium  are 
usually  separated  by  serous  fluid  which  occupies  the  sac,  but  an 

i  appearance  is  often  presented  which  suggests  the  application  and 
withdrawal  of  the  layers  while  still  in  a  soft  plastic  condition.  This 
appearance  is  variously  described  as  the  Honeycomb  or  Pine-apple 

j  condition,  and  it  has  been  aptly  compared  to  that  presented  when 
two  pieces  of  bread,  thickly  buttered,  are  stuck  loosely  together  and 
then  separated.  This  honeycomb  appearance,  it  will  be  understood, 
is  most  markedly  present  on  those  parts  of  the  pericardium  where 
the  heart  in  its  movement  comes  most  frequently  against  the  parietes. 
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The  exuded  fibrine  has  the  usual  characters,  as  seen  under  the 
microscope,  forming  a  reticulum,  in  whose  meshes  are  leucocytes, 
and  sometimes  red  corpuscles. 

If  the  inflammation  has  been  slight  and  transient,  there  may  be 
little  beyond  a  small  serous  and  fibrinous  exudation,  which  is  gradually 
absorbed.  But  as  a  general  rule  further  changes  develop,  and  these 
are  mainly  in  the  connective  tissue  of  the  pericardial  sac.  This  shows 
evidence  of  inflammation  by  the  presence  of  innumerable  cells,  so 
that  by  degrees  it  is  converted  into  Granulation  tissue.  This  inflam- 
matory transformation,  according  to  the  intensity  of  the  irritation, 
penetrates  deeply,  extending  frequently  to  the  interstitial  connective 
tissue  in  the  muscular  substance  of  the  heart.  A  layer  of  vascular 
granulations  thus  forms  beneath  the  fibrinous  exudation.  The  layer 
of  granulations  has  the  general  tendencies  as  well  as  the  structure 
of  granulation  tissue  elsewhere,  it  tends  to  develop  into  connective 
tissue  as  soon  as  the  inflammatory  irritation  becomes  sufficiently 
mild.  With  the  subsidence  of  the  inflammation  there  is  a  reduction 
of  the  serous  exudation.  The  fibrine  is  also  disposed  of,  partly 
undergoing  fatty  degeneration  and  so  becoming  absorbed,  and  partly 
eaten  into  from  beneath  by  the  granulation  tissue.  The  result  of  this 
is  that  the  granulations  are,  as  it  were,  laid  bare,  and  a  vascular 
layer  occupies  the  place  of  the  former  fibrinous  deposit. 

With  the  absorption  of  the  exudation  the  two  layers  of  the  pericar- 
dium come  in  contact,  and  a  coalescence  of  the  granulating  surfaces, 
more  or  less  complete,  occurs.  The  vessels  intercommunicate,  and 
the  two  layers,  so  far  as  they  are  in  contact,  become  virtually  one. 
As  the  granulation  tissue  passes  on  in  its  development  into  connective 
tissue,  the  Pericardial  sac  undergoes  partial  or  complete  obliteration, 
the  uniting  agent  being  vascular  connective  tissue,  and  so  we  have 
the  condition  of  Adherent  pericardium.  The  connection  will  at  first 
be  delicate,  and  may  be  torn  through,  but  as  time  goes  on  it  gets 
firmer,  and  a  condition  results  in  which  the  two  layers  are  absolutely 
inseparable.  Under  certain  circumstances  the  coalescence  of  the  two 
layers  is  not  complete,  and  there  is  only  a  partial  adhesion ;  in  that 
case  the  adhesions  are  sometimes  greatly  stretched  by  the  movements 
of  the  heart,  so  that  tags  or  ligaments  may  unite  the  surface  of  the 
heart  to  the  parietal  layer. 

In  some  intense  and  prolonged  cases  of  acute  pericarditis,  Suppur- 
ation occurs,  and  the  serous  exudation  in  the  pericardium  gives  place 
to  pus.  This,  however,  is  a  rare  occurrence.  On  the  subsidence  of 
the  inflammation  the  pus  dries  in  by  the  absorption  of  its  fluid, 
and  its  debris  remains  as  dead   matter,  which  subsequently  gets 
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infiltrated  with  lime  salts ;  this  may  ultimately  become  consolidated 
so  as  to  form  calcareous  plates  in  the  midst  of  thick  adhesions.  (See 
ante,  p.  158.) 

Septic  inflammations,  such  as  those  which  occur  in  pyaemia  when 
an  abscess  in  the  substance  of  the  heart  extends  to  the  surface  and 
bursts  into  the  pericardium  or  gives  off  septic  microbes,  or  in  the 
rarer  case  of  perforation  of  an  ulcer  of  the  stomach  or  oesophagus 
into  the  pericardium,  are  purulent  from  the  outset. 

Adherent  pericardium  frequently  leads  to  Hypertrophy  and  Dilata- 
tion of  the  heart.  It  does  so  both  directly  by  interfering  with  the 
muscular  tissue,  and  indirectly  by  requiring  the  heart  to  use  increased 
exertion  in  performing  its  task. 

It  is  to  be  remembered  that  adhesion  of  the  pericardium  takes  origin  in  inflam- 
mation, and  from  this  circumstance  it  results  that  in  several  ways  the  action  of 
the  heart  is  interfered  with.  During  the  acute  stage  of  the  inflammation  there 
is  fluid  in  the  sac  of  the  pericardium,  and  by  the  mere  mechanical  pressure 
of  this  fluid  the  cardiac  contractions  are  interfered  with,  and  if  the  effusion 
continue  long  enough  there  may  be  hypertrophy  to  overcome  the  obstacle.  But 
again,  the  inflammation  extends  a  certain  distance  into  the  muscular  wall  of 
the  heart  beneath  the  pericardium.  A  certain  portion  of  muscle  is  thus  interfered 
with  in  its  action,  and  more  vigorous  contraction  is  required  of  the  rest.  There 
may  even  be  considerable  thickening  of  the  pericardium  by  development  of 
connective  tissue,  and  this  extending  some  distance  in  the  connective  tissue 
between  the  muscular  fibres  may  seriously  compromise  them.  But  further, 
when  adhesion  is  complete,  the  heart  in  contracting  must  drag  in  with  it  the 
parietal  as  well  as  the  visceral  pericardium.  In  the  normal  state  the  two  surfaces 
of  the  pericardium  glide  on  one  another,  and  the  parietal  layer  accommodates 
itself  to  the  movements  of  the  heart.  If  there  is  adhesion,  however,  unless  the 
adhesion  be  very  loose,  there  can  be  no  such  gliding,  and  there  must  be  some 
loss  of  force  in  dragging  the  parietal  layer  inwards.  But  the  parietal  layer  is 
normally  attached  to  the  under  surface  of  the  sternum  and  to  other  structures 
around,  and  the  attachment  may  be  rendered  closer  by  the  inflammation.  The 
heart  will  drag  on  these  parts  in  contracting,  and  this  will  greatly  add  to  its 
work.  It  is  well  known  that  dragging  in  of  the  intercostal  spaces  is  a  common 
sign  of  adherent  pericardium.  As  these  causes  vary  to  a  considerable  extent, 
the  amount  of  hypertrophy  varies  in  proportion.  As  the  causes  also  act  nearly 
uniformly  on  the  heart,  the  hypertrophy  is  general,  that  is,  it  usually  affects  all 
the  cavities  of  the  heart.  Such  a  hypertrophy  may  almost  completely  compensate, 
so  that  a  person  with  adherent  pericardium  and  a  very  large  heart  may  have  no 
cardiac  symptoms. 

(b)  Chronic  pericarditis. — As  observed  above,  acute  pericarditis  often 
becomes  chronic,  and,  in  that  case,  usually  results  in  adhesion  of  the 
pericardium.  A  more  direct  chronic  inflammation  results  in  the  con- 
dition designated  White  spots,  Milk  spots,  or  Soldier's  spots,  which 
are  very  common  pathological  conditions.    They  occur  in  about  half 
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the  cases  examined  post-mortem,  and  their  frequency  seems  nearly 
in  direct  proportion  to  age.  They  are  in  the  form  of  well-defined, 
whitish,  opaque  areas  on  the  surface  of  the  heart,  of  very  various 
size,  sometimes  very  small,  at  other  times  so  large  as  almost  to  cover 
the  anterior  surface.  Their  edges  are  usually  abrupt  and  well  defined, 
but  they  may  merge  gradually  in  the  pericardium.  They  have  often 
a  brilliant  white  tendinous  appearance,  but  may  be  more  dull.  They 
are  most  frequently  situated  on  the  anterior  surface  of  the  right 
ventricle,  and  next  on  that  of  the  left  ventricle,  especially  near  the 
apex.  They  are  also  met  with  on  the  posterior  surface,  especially 
near  the  base  of  the  heart,  and  on  the  intrapericardial  portions  of 
the  great  vessels.  They  are  more  uncommon  on  the  parietal  layer 
of  the  sac. 

These  spots  actually  consist  in  a  thickening  of  the  pericardium, 
presenting  merely  dense  connective  tissue  covered  with  endothelium 
(see  Fig.  239). 


Fig.  239. — Soldier's  spot  on  pericardium,  b,  Muscular  wall  of  heart ;  a,  peri- 
cardium, thickening  at  c  so  as  to  form  spot.    X  25. 


We  have  here  a  circumscribed  inflammation  afiecting  by  preference 
certain  districts,  and  the  cause  must  be  a  local  one.  It  seems  to  be 
due  to  the  irritation  resulting  from  the  projection  of  the  heart  against 
its  surroundings.  The  commonest  seat  is  where  the  anterior  surface 
of  the  right  ventricle  comes  against  the  sternum  at  the  place  where 
the  edges  of  the  lungs  turn  aside  and  expose  the  pericardium.  The 
sternum  is  less  yielding  than  most  surrounding  parts,  and  so  the 
irritation  is  greater  here.  The  spot  where  the  left  ventricle  near  the 
apex  strikes  against  the  fifth  rib  is  the  next  most  frequent  site. 

VII.  — VALVULAR  DISEASE  OF  THE  HEART. 

In  studying  endocarditis  we  have  seen  that  the  valves  are  frequently 
altered  in  their  structure ;  we  have  now  to  consider  these  alterations 
more  specifically,  and  their '  effects  on  the  heart  and  circulation.  It 
is  not   usual   to  designate  anything  as  valvular  disease  unless  it 
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interferes  with  the  function  of  a  valve  or  orifice.  The  function  of 
a  valve  is  to  close  an  orifice  under  certain  circumstances,  and  we 
speak  of  valvular  disease  when  the  alterations  are  such  as  either 
to  obstruct  the  orifice  or  to  interfere  with  its  closure  by  the  valve. 
Hence  valvular  lesions  may  be  divided  into  two  kinds,  namely, 
narrowing  or  stenosis  of  the  orifice,  and  insufficiency  of  the  valve. 
In  referring  to  these  same  lesions,  as  they  affect  the  current  of 
blood  in  the  heart,  we  speak  of  obstruction  of  an  orifice  and  of 
I  ■  regurgitation  through  the  orifice. 

Valvular  disease  occurs  much  more  frequently  in  the  valves  of  the 
left  side  than  in  those  of  the  right,  and  hence  we  have  chiefly  to  do 
with  the  mitral  and  aortic  valves.  We  have  already  seen  that  in 
the  foetus  it  is  the  valves  of  the  right  side  which  are  most  frequently 
affected,  and  we  have  connected  this  with  the  fact  that  these  valves 
are  more  liable  to  variations  of  pressure  in  the  foetus  than  in  the  adult. 

1.  Insufficiency  or  Incompetency  of  the  mitral  valve. — This  is  a  condition  in 
which,  during  the  systole  of  the  heart,  some  portion  of  the  blood  passes  back 
into  the  left  auricle  instead  of  the  whole  being  forced  into  the  aorta. 

The  actual  physical  conditions  are  somewhat  various,  but  most  of  them  are 
related  to  chronic  endocarditis.  The  commonest  is  that  in  which  the  valvular 
structures  are  thickened  by  the  new-formed  connective  tissue  and  retracted 
and  shortened  from  its  contraction.  This  applies  to  the  curtains  themselves, 
but  still  more  to  the  chordae  tendineae,  which  become  thickened  and  shortened, 
and  frequently  grow  together,  so  that  they  hold  the  curtains  rigidly  drawn 
down  and  do  not  allow  them  to  go  together  during  the  systole  of  the  ventricle 
(see  Fig.  232,  p.  447).  Again,  irregularities  of  the  borders  may  lead  to  imperfect 
apposition  of  the  edges  and  a  certain  amount  of  insufficiency.  This,  however, 
although  it  may  lead  to  a  loud  murmur  during  life,  can  scarcely  produce  a 

'■    serious  functional  disturbance.    On  the  other  hand,  but  more  rarely,  in  acute 

i  endocarditis  the  valve  may  be  perforated,  as  in  the  case  of  valvular  aneurysm, 
or  the  chorda?  tendineae  torn  so  as  to  allow  a  portion  of  the  valve  to  flap  upwards 

I  through  the  orifice.  Lastly,  without  much  alteration  of  the  curtains,  there  may 
be  a  relative  insufficiency  of  the  valve.  That  is  to  say,  the  cavity  of  the  ventricle 
sometimes  enlarges  greatly,  and  produces  enlargement  of  the  orifice,  which  the 

f   valve  is  no  longer  able  to  cover.    There  are  some  cases  of  permanent  hypertrophy 

[  and  dilatation  of  the  left  ventricle  (as  from  overstrain)  where  this  occurs,  but  it 
may  be  met  with  where  the  dilatation  is  temporary,  as  in  the  flabby  fatty 
heart  of  typhus  fever  and  anaemia.  It  is  not  to  be  supposed  that  the  so-called 
anaemic  murmurs  are  usually  due  to  this  cause,  but  there  is  in  some  cases  an 

I   actual  mitral  regurgitation.    When  recovery  occurs,  and  the  heart  resumes  its 
former  vigour,  the  valve  will  again  cover  the  orifice. 
The  results  which  follow  constant  insufficiency  of  the  mitral  valve  are  frequently 

}  very  serious  and  far-reaching.  At  each  ventricular  systole  blood  regurgitates 
into  the  left  auricle,  and  the  most  direct  result  is  over-distension  of  this  auricle 
occurring  at  successive  intervals.  The  auricle  does  not  usually  suffer  great 
enlargement  from  this  cause.    There  is  another  result  which  often  follows,  appar- 


458 


DISEASES  OF  HEART  AND  PERICARDIUM. 


ently  from  the  unduly  forcible  impact  of  the  blood  against  the  endocardium,  and 
the  over-stretching  of  this  membrane,  namely,  a  thickening  of  the  endocardium. 
We  may  find  it  generally  thickened  and  opaque,  or  there  may  be  patches  of 
opacity. 

But  the  results  do  not  confine  themselves  to  the  auricle — the  abnormal  blood- 
pressure  is  reflected  to  the  Pulmonary  veins  which  feed  the  auricle,  and  they 
become  distended.  The  distension  is  further  reflected  to  the  pulmonary  capil- 
laries and  arteries,  and  finally  to  the  right  ventricle.  The  right  ventricle  is 
over-distended,  and,  as  a  consequence,  Hypertrophy  of  the  right  ventricle  is  a 
common  result  of  mitral  insufficiency.  The  obstruction  to  the  circulation  may 
extend  to  the  vena  cava?,  the  right  ventricle  and  auricle  being  over-dilated.  In 
this  way  General  venous  engorgement  comes  about  with  all  the  consequences  which 
will  be  described  in  the  next  section  in  dealing  with  mitral  stenosis. 

The  amount  of  blood  which  the  left  ventricle  sends  into  the  aorta  will  be 
diminished  in  proportion  as  more  or  less  passes  back  into  the  auricle.  In 
consequence,  the  systemic  circulation  will  be  partially  starved.  In  some  cases 
the  left  ventricle  undergoes  hypertrophy.  This  is  mainly  due  to  the  fact  that 
at  each  diastole  it  will  receive  from  the  distended  auricle  an  excess  of  blood, 
namely,  that  which  would  normally  arrive  from  the  auricle  along  with  that 
which  regurgitated  from  the  ventricle.  The  ventricle  having  thus  to  deal  with 
an  increased  mass  of  blood  undergoes  dilatation  and  hypertrophy. 

2.  Obstruction  of  the  mitral  orifice.  Mitral  stenosis. — This  name  is  applied  to 
the  condition  in  which  the  mitral  orifice  is  not  large  enough  to  allow  of  the 
usual  quantity  of  blood  passing  from  the  auricle  to  the  ventricle.  The  normal 
width  of  the  mitral  orifice  may  be  roughly  estimated  with  the  fingers ;  in  the 
adult  it  should  allow  the  index  and  middle  fingers  to  pass  freely  through  as 

far  as  the  first  joint.  The  contraction  may 
be  very  slight  or  it  may  be  to  such  an 
extent  that  hardly  a  crow-quill  can  be  ad- 
mitted into  the  orifice.  In  the  case  of 
stenosis  of  the  mitral,  as  well  as  in  that  of 
the  aortic  orifice,  the  obstruction  is  usually 
caused  by  the  curtains  of  the  valves  becom- 
ing thickened  and  rigid,  but  especially  by 
their  coalescence.  The  thickened  curtains 
grow  together  by  their  edges,  and  so  the 
valve  is  converted  into  a  funnel  with  its 
apex  turned  down  into  the  ventricle — the 
so-called  Funnel-shaped  deformity.  The  nor- 
mal orifice  is  at  the  base  of  the  curtains, 
but  when  the  curtains  coalesce,  the  orifice 
while  becoming  contracted  is  moved  down- 
wards, and  comes  to  have  its  site  at  the 
apex  of  the  funnel.  This  will  be  under- 
stood from  the  accompanying  diagram  (Fig. 
240),  in  which  black  lines  represent  the 
orifice  and  curtains  in  their  normal  condi- 
tion during  the  diastole  of  the -ventricle,  the  curtains  lying  back  against  the 
wall  of  the  ventricle,  and  the  orifice  at  their  base.  The  dotted  lines  represent 
the  coalesced  funnel-shaped  valve ;  the  contraction  of  the  orifice  and  its  removal 


Fig.  240. — Diagram  of  funnel-shaped  de- 
formity of  mitral  valve.  The  dotted  lines 
indicate  the  coalesced  curtains  forming  a 
funnel  projecting  into  the  ventricle  with  a 
reduced  aperture  at  the  apex. 
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downwards  being  shown.  The  chordae  tendineae  are  commonly  thickened,  and 
often  partly  incorporated  in  the  funnel  (see  Fig.  232,  p.  447).  On  laying  open 
the  ventricle  this  thick,  rigid,  funnel-shaped  deformity  is  often  strikingly  prominent. 
These  conditions  result  from  chronic  endocarditis,  and  it  will  be  readily  under- 
stood that  the  rigid  valve  is  frequently  incompetent,  so  that  this  condition  is 
often  combined  with  the  one  before  mentioned.  There  are  also  not  infrequently 
changes  in  the  aortic  valve. 

Obstruction  is  occasionally  produced  by  thrombi  growing  on  the  valve,  or 
having  their  seat  in  the  auricle  and  projecting  into  the  orifice.  This  is  a  rare 
cause  of  obstruction,  and  a  still  rarer  is  the  presence  of  tumours  growing  in 
such  a  way  as  to  obstruct  the  orifice. 

It  might  be  supposed  that  the  vegetations  occurring  in  acute  endocarditis 
would  obstruct  the  orifice,  but  although  these  rough  projections  undoubtedly 
interrupt  the  even  flow  of  blood,  and  may  produce  during  life  a  murmur  of  mitral 
obstruction,  yet  their  actual  influence  on  the  function  of  the  orifice  must  be  very 
slight,  and  we  are  not  to  look  for  any  definite  evidences  of  their  influence  on  the 
circulation. 

We  have  now  to  consider  the  results  to  the  circulation  of  mitral  obstruction. 
The  most  direct  effect  will  be  dilatation  of  the  left  auricle,  as  the  blood  is,  to  a 
certain  extent,  hindered  in  its  passage  into  the  ventricle.  As  a  consequence, 
the  whole  pulmonary  vessels  will  be  loaded  and  the  right  ventricle  distended 
with  the  accumulated  blood.  On  the  principles  already  laid  down  there  will  be 
increased  action  and  consequent  Hypertrophy  of  the  right  ventricle,  and  this  is 
commonly  more  extreme  than  in  mitral  insufficiency.  The  contraction  of  the 
orifice  interferes  with  the  passage  of  blood  into  the  left  ventricle,  which,  in 
extreme  cases,  is,  as  it  were,  starved  of  blood.  The  increased  force  of  the  right 
ventricle  may  in  great  part  make  up  for  the  deficiency,  and  sometimes  there 
is  also  aortic  insufficiency,  so  that  the  ventricle  is  fed  from  the  aorta  as  welL 
According  to  these  various  circumstances  will  be  the  state  of  the  left  ventricle. 
It  may  be  actually  atrophied  and  appear  as  a  small  appendage  to  the  enlarged 
right  ventricle,  or  it  may  be  normal  in  size  or  even  hypertrophied.  In  any 
\  case  the  hypertrophy  of  the  right  ventricle  is  the  predominating  condition. 
The  shape  of  the  heart  is  more  quadrilateral,  the  apex  is  blunt  and  formed  by 
the  right  ventricle.  During  life  instead  of  the  defined  apex  beat  of  the  left 
:  ventricle,  there  is  the  more  diffused  heaving  of  the  right. 

As  a  further  consequence,  we  have  a  permanent  Passive  hyperaemia  of  the 
:  pulmonary  circulation,  with  consequent  brown  induration  of  the  lungs.  There  is 
.  also  a  tendency  to  slight  haemorrhages,  the  blood  showing  itself  in  the  sputa. 
The  dilatation  of  the  right  ventricle,  when  followed  by  thrombosis  in  the  auricle 
or  ventricle,  also  frequently  leads  to  embolism  of  the  pulmonary  artery  and 
the  haemorrhagic  infarction.  The  hyperaemia  is  reflected  to  the  systemic  venous 
circulation,  especially  if  the  dilatation  of  the  right  ventricle  lead  to  relative  in- 
sufficiency of  the  tricuspid  valve,  and  we  find  evidences  of  passive  hyperaemia 
of  the  liver  (nutmeg  liver),  kidneys,  and  other  organs.  Not  infrequently  serious 
oedema  of  the  skin  and  dropsy  of  the  serous  cavities  develop.  Thrombosis  in 
:the  veins  of  the  legs  often  complicates  the  condition,  and  this  again  may  be 
| a  source  of  pulmonary  embolism. 

3.  Insufficiency  of  the  aortic  valve. — This  is  the  condition  in  which,  after  the 
completion  of  the  ventricular  systole,  a  portion  of  the  blood  regurgitates  into 
the  left  ventricle  through  the  imperfectly  closed  semilunar  valve.    It  is  usually 
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brought  about  by  chronic  endocarditis.  The  individual  semilunar  folds  are 
thickened  and  shortened,  the  actual  length  of  free  margin  being  reduced.  The 
consequence  is  that,  during  the  closure  of  the  valve,  the  edges  have  not  sufficient 
length  to  meet  perfectly  and  so  a  triangular  aperture  is  left.  This  is  illustrated 
•diagrammatically  in  the  accompanying  figure.    The  contraction  may  reach  such 

an  extent  as  to  leave  only  a 
nodulation  on  the  wall  of  the 
aorta  in  place  of  the  curtains. 
These  changes  are  very  com- 
monly accompanied  by  adhe- 
sion of  the  adjacent  folds  of 
the  curtains,  and  this  neces- 
sarily causes  contraction  of  the 
orifice ;  indeed,  the  curtains  as 

Fig.  241.— Diagram  of  aortic  insufficiency,  a,  The  nor-  such  may  disappear,  leaving 
mal  valve  closed  as  seen  from  above  ;  b.  the  valve  with  ,  .  1 

curtains  shortened  and  leaving  a  triangular  space.  only  a  diaphragm  with  a  per- 

manent aperture  in  its  middle, 
the  condition  being  illustrated  in  Fig.  234,  p.  447.  An  unusual  cause  of  aortic 
insufficiency  is  Perforation  of  the  valve  as  a  result  of  acute  endocarditis  or  the 
bursting  of  a  valvular  aneurysm.  Of  course  the  perforation  of  the  curtains  beyond 
the  line  of  contact  already  referred  to  is  not  to  be  mistaken  for  a  pathological 
perforation.  A  rare  cause  of  aortic  insufficiency  is  the  Tearing  of  one  of  the  curtains. 
During  severe  exertion  the  blood-pressure  in  the  aorta  may  be  so  much  raised 
as  to  rupture  a  curtain,  and  such  a  wound  will  hardly  unite,  as  it  will  be  torn 
asunder  at  each  systole. 

It  may  be  added  here  that  aortic  disease  is  often  accompanied  by  mitral 
disease,  chronic  endocarditis,  having  its  origin  in  rheumatism,  attacking  both. 
Chronic  endocarditis  of  the  aortic  valve  again  is  often  connected,  as  we  have 
seen,  with  endarteritis  or  atheroma  of  the  aorta,  and  in  that  case  it  is  not  so 
likely  to  be  associated  with  mitral  disease. 

It  may  be  interesting  here  to  observe  that  the  origin  of  the  endocarditis  has 
an  important  bearing  on  the  Age  at  which  these  valvular  lesions  occur.  Acute 
rheumatism  is  a  disease  of  youth  and  manhood,  and  most  cases  of  valvular 
disease  take  origin  in  it.  Accordingly,  diseases  of  the  valves  are  most  common, 
at  least  in  their  inception,  between  the  ages  of  ten  and  thirty.  But  there  are 
some  cases  of  aortic  disease  which,  as  we  have  seen,  stand  in  a  different  category. 
Chronic  endarteritis  or  atheroma  is  a  disease  mostly  of  advanced  life,  and  so  it  is 
more  common  in  old  persons  to  meet  with  aortic  disease  than  with  mitral. 

We  have  now  to  consider  the  Effects  of  this  insufficiency  of  the  aortic  valve 
on  the  circulation.  As  the  semilunar  valve  does  not  close  completely,  the  aorta 
in  its  recoil  after  the  ventricular  systole  will  force  blood  back  into  the  ventricle  as 
well  as  forward  into  the  systemic  arteries.  This  extra  mass  of  blood  driven 
with  considerable  force  into  the  left  ventricle  will  overfill  it  and  forcibly  distend 
it,  while  the  systemic  circulation  will  be  proportionately  starved.  The  natural 
result  is  Dilatation  and  hypertrophy  of  the  left  ventricle,  which  may  almost  com- 
pletely compensate.  In  this  disease,  therefore,  the  primary  and  prominent  fact 
is  the  enlargement  of  the  left  ventricle.  As  the  ventricle  propels  a  much  larger 
amount  of  blood  into  the  aorta,  and  with  abnormal  force,  there  is  sometimes  a 
resulting  Dilatation  of  the  arch  and  great  vessels.  In  this  way  there  may  even 
be  an  actual  aneurysm  of  the  arch. 


VALVULAR  DISEASE  OF  THE  HEART. 


461 


It  is  to  be  added,  that  as  hypertrophy  of  the  left  ventricle  is  associated  with 
dilatation  of  that  cavity,  there  is  frequently  a  consequent  widening  of  the  mitral 
orifice.  As  a  result  of  this,  we  may  have  a  relative  incompetency  of  the  mitral 
valve,  which  is  incapable  of  completely  covering  the  dilated  orifice.  In  this 
way  the  consequences  already  considered  of  Mitral  insufficiency  may  be  brought 
about ;  but  they  are  usually  much  less  pronounced  than  in  the  primary  form  of 
this  lesion,  and  of  late  occurrence.  It  is  to  be  remembered,  also,  that  mitral 
disease  often  co-exists  with  aortic. 

4.  Obstruction  of  the  aortic  orifice.  Aortic  stenosis. — In  this  lesion  the  passage 
of  blood  from  the  left  ventricle  into  the  aorta  is  interfered  with.  It  is,  in  the 
great  majority  of  cases,  caused  by  chronic  endocarditis.  The  conditions  already 
described  as  leading  to  insufficiency  of  the  valve  mostly  produce  also  obstruction 
of  the  orifice,  by  causing  rigidity  of  the  curtains,  and  this  is  all  the  more  marked 
when  calcareous  infiltration  ensues.  Where  the  valve  is,  in  the  way  already 
mentioned,  converted  into  a  rigid  diaphragm,  then  there  must  be  great  obstruction 
of  the  orifice  as  well  as  insufficiency  of  the  valve.  These  two  forms  of  lesion  are, 
therefore,  usually  found  associated.  In  acute  endocarditis  the  roughening  of  the 
curtains  may  to  some  extent  obstruct  the  flow  of  blood,  but  the  interference  is 
trivial,  and  will  hardly  lead  to  any  of  the  secondary  results  of  aortic  stenosis. 

The  obstruction  at  the  orifice  prevents  the  blood  getting  away  fully  during  the 
systole  of  the  ventricle,  and  there  comes  to  be  an  overfilling  of  the  ventricle. 
The  ventricle,  as  in  the  previous  case,  is  stimulated  to  increased  exertion, 
and  so  here  also  the  primary  phenomenon  is  Hypertrophy  of  the  left  ventricle. 
This  may  completely  compensate  for  the  obstruction,  and  persons  may  go 
about  comparatively  well  with  an  obstructed  orifice  and  enlarged  left  ventricle. 
But  this  is  not  so  likely  as  in  the  previous  case,  and  any  need  for  extra  exertion 
on  the  part  of  the  heart,  or  weakness  of  its  muscle,  may  lead  to  incomplete 
compensation.  In  such  a  case  the  ventricle  will  get  abnormally  dilated,  and  the 
auricle  will  not  be  able  to  empty  itself  fully  into  the  dilated  ventricle.  The 
Pulmonary  circulation  will  become  engorged  and  the  Right  ventricle  overloaded, 
and  so  we  may  have  all  the  evil  consequences  of  mitral  disease.  It  will  be 
observed,  however,  that,  as  the  left  ventricle  is  much  more  capable  of  under- 
taking additional  work  than  the  right,  it  succeeds  much  more  frequently  in 
bringing  about  a  complete  compensation.  The  hypertrophied  left  ventricle  having 
to  dispose  of  an  increased  mass  of  blood,  generally  does  so  slowly,  and  the  pulse 
is  consequently  slow  and  regular. 

It  will  have  become  apparent  that  in  many  cases  aortic  disease  is  associated 
with  mitral,  and  that  there  is  frequently  combination  and  complication  of  the 
resulting  changes  in  the  heart  and  circulation. 

5.  Valvular  disease  of  the  right  heart. — We  have  already  seen  that,  except  in 
the  foetus,  this  form  of  disease  is  uncommon  as  a  primary  lesion.  In  cases  of 
acute  or  chronic  endocarditis  with  well  marked  lesions  on  the  left  side,  however, 
there  are  very  often  distinct  indications  of  inflammation  in  the  valves  of  the 
right  heart. 

Relative  insufficiency  of  the  tricuspid  valve,  although  secondary,  is  often  of 
considerable  consequence  on  account  of  the  effects  to  which  it  leads.  We  have 
seen  that  in  mitral  disease  the  right  ventricle  usually  dilates  and  hypertrophies, 
and  with  this  change  in  the  ventricle  the  orifice  widens.  The  valve  may  thus 
be  unable  to  cover  the  enlarged  orifice,  and  become  insufficient.  In  other  forms 
of  dilatation  and  hypertrophy  of  the  right  ventricle,  as  in  that  due  to  obstruction 


462 


DISEASES  OF  HEART  AND  PERICARDIUM. 


to  the  pulmonary  circulation,  the  same  thing  may  occur.  The  tricuspid  orifice 
normally  admits  readily  three  fingers  up  to  the  first  joints,  and  when  enlarged 
it  is  not  uncommon  to  meet  with  cases  in  which  it  admits  four,  five,  six,  or 
even  seven  fingers.  If  the  valve  is  thus  incompetent  to  close  the  enlarged  orifice 
the  blood  will,  during  the  systole  of  the  ventricle,  regurgitate  into  the  auricle. 
The  wave  will  be  propagated  into  the  veins  of  the  neck,  and  there  will  probably 
be  an  aggravation  of  existing  congestion  of  the  systemic  veins. 

It  need  only  be  added,  that  if  chronic  endocarditis  attacks  the  tricuspid  or 
pulmonary  valves,  it  may  produce  results  similar  to  those  effected  in  the  mitral 
and  aortic.  The  tissue  here,  however,  is  less  substantial  to  begin  with,  and  the 
inflammation  is  usually  much  less  intense,  and  so  the  changes  are  rarely  of 
any  great  consequence. 

VIII. — TUBERCULOSIS  AND  SYPHILIS,  Etc. 

1.  Tuberculosis. — This  is  rare  as  a  lesion  of  the  heart  itself,  but 
frequent  and  important  in  the  pericardium.  Tuberculosis  of  the 
heart  is  an  occasional  accompaniment  of  acute  general  tuberculosis. 
There  are  the  usual  nodules  in  the  muscular  substance  and  in  the 
endocardium.  In  some  cases  a  more  definite  tubercular  endocarditis 
has  been  observed  with  the  usual  features  of  an  acute  endocarditis. 

Tubercular  pericarditis  arises  by  infection  from  some  part  in  the 
neighbourhood  of  the  heart.  This  is  mostly  the  mediastinal  glands 
(Weigert),  but  may  be  the  pleura.  A  tuberculosis  of  the  mediastinal 
glands  may  slumber  on  for  many  years,  and  an  accidental  extension 
to  the  parietal  pericardium  may  result  in  the  launching  of  the  in- 
fective agent  into  the  sac.  The  bacillus  is  dispersed  throughout  the 
sac,  where  it  multiplies  and  produces  its  toxine. 

At  the  outset  there  is  usually  an  acute  inflammation  with  the 
features  of  acute  pericarditis  described  above,  but  there  is  not  usually 
much  serous  exudation.  A  fibrinous  deposit  is  formed  beneath 
which  small  miliary  nodules  are  visible.  As  the  disease  becomes 
chronic  there  is  great  new-formation  of  connective  tissue  and  of  specific 
tubercles.  The  process  occurs  in  both  the  visceral  and  parietal  layers 
of  the  pericardium,  and  the  two  layers  are  liable  to  coalesce  so  that 
adherent  pericardium  results.  The  condition,  however,  differs  greatly 
from  ordinary  adhesion  of  the  pericardium  in  respect  that  there  is 
very  great  thickening.  In  the  case  from  which  Fig.  242  is  taken 
the  pericardium  had  a  thickness  of  from  1*5  to  2*5  cm.  The  heart 
is  thus  encased  in  a  dense  thick  capsule  which  must  greatly  impede 
its  movements. 

In  the  thick  adherent  pericardium  it  is  usually  possible  to  dis- 
tinguish two  layers  of  tubercles,  one  belonging  to  the  visceral,  and 
one  to  the  parietal  layer  of  the  pericardium.    Under  the  microscope 
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there  will  be  found  large  masses  having  the  indefinite  characters 
of  caseous  necrosis  with  occasional  fresh  tubercles,  in  the  midst  of 
tissue  which  presents  in  some  parts  evidences  of  recent  inflammation 
and  in  others  merely  dense  connective  tissue. 


Fig.  242.— Tubercular  pericarditis.    The  ventricles  are  shown  in  section.    There  is 
very  great  thickening  of  the  pericardium,  and  the  two  layers  have  coalesced. 

2.  Syphilis. — This  occurs  in  the  heart  chiefly  in  the  form  of 
gummata  which  have  their  seat  in  the  muscular  substance  in  any 
region.  The  gumma,  which  may  attain  considerable  dimensions  (see 
Fig.  243),  is  a  dense  tough  body  of  somewhat  indefinite  structure, 
and  it  is  surrounded  in  the  usual  way  by  cicatricial  connective  tissue 
which  replaces  the  muscular  substance,  producing  an  interstitial 
myocarditis.  The  endocardium  and  pericardium  are  thickened,  and 
the  latter  may  show  adhesions.  Besides  the  gummata  a  limited 
fibrous  induration  may  have  a  syphilitic  origin.  A  syphilitic  affection 
of  the  valves  has  been  described,  but  is  very  rare. 

Actinomycosis  and  Hodgkin's  disease  may  extend  from  the  medi- 
astinum and  lungs  to  the  pericardium  and  heart,  but  are  not  inde- 
pendent diseases. 

Literature. —  Tuberculosis. —  Tripier,  Arch,  de  med.  exper.,  1890;  Weigert, 
Virch.  Arch.,  vol.  lxxv.,  1879;  Pollok,  Zeitsch.  f.  Klin.  Med.,  xxi.,  1892.  Syphilis.— 
Virchow,  Geschwiilste  ii.,  441,  1865 ;  Lancereaux,  Traite  de  la  Syph.,  1873 ;  Lang, 
Path,  mid  Ther.  der  Syph..  1885,  Syph.  des  Herzens,  1889 ;  Volmar,  Ueber  Gum- 
mata des  Herz,  1893. 
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IX.— TUMOURS  PROPER  AND  PARASITES  OF  THE  HEART. 

Primary  tumours  are  exceedingly  rare  in  the  heart.  According 
to  Berthenson  the  structure  in  30  published  cases  of  primary  tumours 
of  the  heart  was  as  follows  : — Sarcoma  9  (Pure  Sarcoma  5,  Fibro- 


- 

Fig.  243.  —  ■Gummata  in  wall  of  left  ventricle.  A  large  portion  of  the  wall  is  occupied 
by  gummatous  tissue.    (From  a  coloured  drawing  by  Dr.  Alex.  Macphail.) 


sarcoma  3,  Myxosarcoma  1);  Myxoma  7  (Pure  Myxoma  4,  Fibro- 
myxoma  3) ;  Fibroma  6 ;  Syphilitic  tumours  2  ;  Cancer  3 ;  Fatty 
tumour  2  ;  Cyst  1. 

Secondary  tumours  are  also  rare.  Sarcomas  occurring  in  the 
neighbourhood  may  spread  to  the  heart,  and  especially  those  of  the 
mediastinum,  involving  first  the  parietal  and  then  the  visceral  peri- 
cardium.   Sometimes  also  a  Cancer  of  the  oesophagus  extends  to  the 
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pericardium.  Cancers  when  they  become  generalized  sometimes 
occur  in  the  heart,  in  the  form  of  round  pale  tumours  (see  Fig.  133, 
p.  301). 

Of  Parasites,  the  echinococcus  and  the  cysticercus  cellulosse  have 
been  found  in  the  heart.  The  cysticercus  of  the  taenia  solium  is 
frequent  in  the  heart  of  swine,  and  that  of  the  taenia  mediocanellata 
in  cattle,  but  it  is  very  rare  in  man. 

Literature. — Bekthenson,  Virch.  Arch,  cxxxii.,  390;  Fraentzel,  Vorles.  iiber 
die  Krankh.  des  Herzens,  1891. 
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SECTION  I.— Continued. 


B. — BLOOD-VESSELS. 


I.  Diseases  of  the  Arteries.     (1)  Thrombosis  and  Embolism,  (2)  Obliteration, 

(3)  Acute  inflammation,  (4)  Chronic  endarteritis  or  atheroma  ;  (a)  Causation 
and  nature,  (5)  tissue  changes,  (c)  effects  on  circulation,  (5)  Endarteritis 
obliterans,  (6)  Retrograde  changes,  {a)  fatty  degeneration  of  the  intima, 
(b)  calcareous  infiltration  with  ossification,  (c)  amyloid  disease,  (7)  Aneurysm; 
(a)  causation  and  mode  of  production  ;  injury  to  middle  coat  and  increase 
of  blood-pressure  ;  (b)  coats  of  artery  in  aneurysm  ;  (c)  thrombi,  {d)  condition 
of  branches  ;  (e)  effects  on  the  heart ;  and  (/)  on  parts  around  ;  (g)  termin- 
ations, by  cure,  by  pressure  effects,  by  rupture.  (8)  Special  forms  of 
aneurysm  ;  (a)  cirsoid  aneurysm  or  aneurysm  by  anastomosis  ;  (6)  traumatic 
aneurysm  ;  (c)  dissecting  aneurysm  ;  (d)  varicose  aneurysm.  (9)  Syphilitic 
and  tubercular  affections  of  arteries. 

II.  Diseases  of  the  Veins.  (1)  Thrombosis.  (2)  Inflammations,  including  septic 
phlebitis  and  pyaemia.  (3)  Varix,  causation  and  character  of  changes ; 
Haemorrhoids  ;  varicocele.    (4)  New-formations  in  veins. 

rpHE  blood-vessels  are  to  be  regarded  as  tubes  of  which  the  essential 


^  constituent  is  the  intima.  According  to  circumstances  the  intima 
becomes  clothed  with  external  and  middle  coats,  and  so  we  have 
arteries  and  veins.  We  have  already  seen  that,  in  nearly  all  new- 
formations,  blood-vessels  are  produced  as  well  as  the  proper  tissue, 
and  it  is  first  a  tube  composed  of  intima  which  is  formed,  or  a 
capillary.  This  primary  vessel  is  capable  of  enlargement  and  further 
complication  in  the  way  just  indicated,  so  that  a  transformation  of 
the  primary  capillaries  into  arteries  and  veins  may  take  place.  This 
formation  of  vessels  and  their  further  development  according  to  the 
requirements  of  the  tissues  is  an  exceedingly  common  occurrence, 
and  may  be  regarded  as  equivalent  to  that  which  occurs  in  the 
formation  of  the  tissues  during  the  period  of  development  and  growth 
of  the  body  as  a  whole.  A  process  of  a  similar  nature  is  sometimes 
seen  when  the  obstruction  of  an  artery  causes  the  current  to  be  in 
great  part  diverted  into  other  channels.  We  know  that  in  this  case 
the  anastomosing  vessels  enlarge,  small  arteries  becoming  converted 
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into  large  ones,  and  perhaps  even  capillaries  into  arteries.  The 
vascular  system  is  thus  an  exceedingly  plastic  one,  and  possesses 
great  powers  of  new -formation  and  development  according  to  the 
needs  of  the  tissues. 

I. — DISEASES  OF  THE  ARTERIES. 

1.  Thrombosis  and  Embolism. — These  conditions  having  been  some- 
what fully  discussed  in  previous  pages,  it  remains  here  to  refer  to 
the  more  local  changes. 

Thrombosis  occurs  as  a  secondary  result  of  disease  of  the  walls  of 
arteries,  chiefly  in  cases  of  atheroma  and  aneurysm.  In  the  former 
it  is  often  the  cause  of  the  final  closure  of  the  vessel.  There  is 
also  thrombosis  as  a  result  of  ligature  of  arteries.  Acute  inflamma- 
tions in  arteries  also  induce  thrombosis  ;  this  is  especially  the  case 
in  septic  inflammations.  There  may  be  in  this  way  a  condition 
similar  to  the  more  frequent  septic  thrombosis  in  veins  (thrombo- 
phlebitis). 

Embolism  is  very  frequent  in  arteries.  If  the  embolus  be  a  simple 
one,  such  as  a  piece  of  thrombus,  the  portion  of  artery  affected  will 
undergo  a  process  of  chronic  inflammation  and  the  plug  will  become 
organized  in  the  manner  about  to  be  described.  A  septic  embolus, 
on  the  other  hand,  will  become  the  centre  of  a  suppurative  inflam- 
mation. We  have  also  embolism  from  the  penetration  of  tumours 
and  parasites. 

2.  Obliteration  of  arteries. — In  several  of  the  affections  to  be 
considered  in  the  succeeding  paragraphs,  partial  or  complete  occlusion 
and  obliteration  of  arteries  occurs,  and  the  processes,  although  differing 
somewhat  in  detail,  have  many  points  in  common.  In  all  of  them 
there  are  usually  conjoined  the  two  processes  of  thrombosis  and 
inflammation. 

Obliteration  by  ligature  affords  the  simplest  illustration.  When 
an  artery  is  ligatured,  the  internal  and  middle  coats  are  torn  through, 
as  shown  in  Fig.  244.  In  consequence  of  the  injury  and  stagnation 
of  blood  thrombosis  occurs,  and  the  thrombus,  which  contains  a 
considerable  excess  of  leucocytes,  extends  to  the  nearest  branch, 
as  is  well  shown  in  Fig.  32,  p.  104.  This  is  followed  by  inflammatory 
changes  affecting  primarily  the  internal  coat.  This  tunic  becomes 
cellular  and  swollen  so  that  it  bulges  inwards  and  impinges  on  the 
eoagulum.  The  inflamed  internal  'coat  becomes  vascularized,  new- 
formed  vessels  penetrating  into  it  from  the  vasa  vasorum.  The 
internal  coat  thus  sends  buds  or  projections  inwards  which  replace 
the  thrombus  by  vascularized  granulation  tissue.     The  new-formed 
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vessels  are  produced  by  budding  from  the  vessels  of  the  external  and 
middle  coats,  and  these  tunics  also  take  some  part  in  the  inflam- 
matory process,  but  the  middle  coat  is  much  less  active  than  the 
external,  and  its  special  character  disappears  in  the  process.  The 


Fig.  244. — Longitudinal  section  of  an  artery  at  seat  of  ligature,  a,  a,  apertures  in 
which  the  silk  ligature  was  found.  The  external  coat  is  drawn  in  at  this  place,  while 
the  middle  and  internal  coats  are  absent,  being  absolutely  disjoined.  These  coats  are 
seen  above  at  b  and  below  at  c.    x  35. 


granulation  tissue  thus  formed  has  the  usual  tendency  to  form  con- 
nective tissue,  and  the  final  result  is  that  the  portion  of  artery 
concerned  is  resolved  into  a  piece  of  connective  tissue  which  may 
form  part  of  the  cicatrix  of  a  wound. 

When  Arteries  have  been  wounded  a  somewhat  similar  process 
occurs.  If  the  artery  is  cut  across,'  the  muscular  coat  by  its  contraction 
narrows  the  calibre  of  the  artery  and  withdraws  it  within  its  sheath. 
The  blood  flowing  out  through  the  orifice  deposits  leucocytes,  and 
a  clot  forms  within  the  sheath  and  at  the  orifice  of  the  vessel,  by 
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and  by  completely  obstructing  it.  This  coagulum  will  be  a  white 
thrombus.  The  ensuing  processes  will  be  similar  to  those  just 
described.    (See  Fig.  32,  p.  104,  and  Fig.  35,  p.  107.) 

In  the  case  of  obliteration  from  other  causes,  the  process  of  final 
organization  may  go  on  in  the  manner  described,  but  it  is  sometimes 
interfered  with  by  the  diseased  condition  of  the  wall  of  the  artery  or 
by  the  character  of  the  obliterating  agent.  If  the  latter  be  of  an 
irritating  nature,  as  in  septic  embolism,  then  there  can  be  no  organiza- 
tion, and  if  the  vessel  wall  be  seriously  diseased,  as  is  often  the  case 
in  atheroma,  then  the  whole  process  of  organization  may  remain 
absent. 

3.  Acute  inflammation  of  arteries.  Acute  arteritis. — Arteries 
often  take  part  in  inflammations  in  their  neighbourhood,  but  an 
independent  acute  inflammation  of  the  Avails  is  very  rare.  An  endo- 
carditis affecting  the  aortic  or  pulmonary  valve  sometimes  extends 
to  the  neighbouring  parts  of  the  aorta  or  pulmonary  artery,  producing 
warty  projections  on  the  internal  surface  of  these.  More  particularly, 
when,  in  acute  endocarditis,  a  considerable  thrombus  forms  on  the 
aortic  valve  and  comes  against  the  wall  of  the  aorta,  it  may  lead  to 
an  acute  endarteritis  there. 

Purulent  arteritis  is  the  result  of  septic  inflammation  in  the  neigh- 
bourhood or  of  septic  embolism.  The  process  is  similar  to  that  in 
septic  phlebitis. 

4.  Atheroma.  Chronic  endarteritis.— (A rterio-sclerosis,  endarteritis 
deformans,  endarteritis  nodosa). — These  names  are  applied  to  a  disease 
of  very  frequent  occurrence  in  arteries,  the  nature  of  which  has 
been  differently  regarded  at  different  times. 

(a)  Causation  and  nature  of  the  disease. — According  to  the  more 
common  view  of  the  process  the  disease  is  an  inflammation  of  the 
internal  coat,  and  hence  the  name  endarteritis.  But  there  are  several 
indications  which  tend  to  remove  atheroma  from  the  category  of  a 
simple  endarteritis.  The  thickening  of  the  intima,  which  is  the 
primary  feature,  partakes  of  the  nature  of  a  hypertrophy,  the  new 
tissue  being  more  special  in  structure  than  the  ordinary  new-formed 
tissue  of  inflammation  (see  below).  It  is  also  a  tissue  which  tends 
to  degeneration,  mostly  fatty  degeneration.  The  fact  that  the  disease 
is  peculiarly  one  of  advanced  life  is  another  fact  of  importance,  and 
it  may  also  be  said  that  a  weakness  of  the  wall  of  the  vessel  must 
be  regarded  as  one  of  the  principal  agents  in  the  causation  of  the 
disease.  While  there  is  this  predisposition  the  actual  supervention 
of  the  disease  is  apparently  caused  by  mechanical  irritation.  Its 
principal  seat  is  the  arch  of  the  aorta,  and  this  is  doubtless  due  to 
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the  fact  that  this  part  is  more  exposed  to  the  force  of  the  wave  of 
blood  during  the  systole  of  the  heart  than  any  other  portion  of  the 
arterial  system.  The  disease  is  frequently  met  with  in  the  arteries 
of  the  brain,  and  here  it  is  more  difficult  to  account  for  its  occurrence 
on  the  theory  of  mechanical  irritation,  but  the  atheromatous  patch 
is  often  situated  just  at  a  bifurcation,  where,  presumably,  the  vessel 
wall  is  more  exposed  to  the  force  of  the  current.  It  is  also  common, 
as  already  remarked,  in  the  coronary  arteries,  where  we  may  presume 
that  the  blood  pressure  is  higher  than  in  other  arteries  of  their  size. 
Again,  it  is  met  with  in  the  pulmonary  artery  in  cases  of  hypertrophy 
of  the  right  ventricle,  the  excessive  impulse  of  the  blood  from  the 
hypertrophied  ventricle  apparently  determining  its  occurrence.  As 


i 

" 

Fig.  245.— Beginnings  of  atheroma  in  a  small  artery.  There  is  thickening  of  the 
intima,  with  abundant  cell-formation.  The  membrane  of  Henle  is  seen  as  a  sinuous 
band,    x  370. 

we  shall  see  afterwards,  syphilis  produces  a  disease  of  arteries  in 
some  respects  similar  to  atheroma. 

(b)  The  tissue  chang'es. — The  disease  consists  in  a  more  or  less 
localized  thickening  of  the  internal  coat.  The  thickening  is  nearly 
always  distinctly  limited  in  area,  so  that  we  speak  of  Atheromatous 
patches  (hence  the  name  endarteritis  nodosa).  When  we  examine  the 
aorta  in   the  earlier  stages  we  see  elevated   areas  with  tolerably 
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abrupt  edges,  and  usually  of  a  dead  white  colour  as  compared  with 
the  surrounding  intima.  These  patches  are  hard,  and  cut  like 
cartilage.  In  the  arteries  of  the  brain  the  diseased  parts  are  seen, 
without  opening  the  vessels,  as  white  opaque  patches,  and  the  vessel 
is  more  rigid  than  normal,  so  that  it  does  not  collapse ;  the  calibre 
also  is  diminished,  sometimes  very  greatly,  by  the  inward  projection 
of  the  patch.  On  cutting  into  the  patch,  in  either  the  aorta  or  a 
cerebral  artery,  there  is  often  an  opaque  yellow  colour  revealed  in 
the  deeper  parts,  and  this  is  an  indication  of  fatty  degeneration. 
Very  often,  too,  there  is,  especially  in  the  aorta,  calcareous  infiltration 
of  the  deeper  parts  of  the  patch,  but  these  two  conditions  will  be 
more  fully  discussed  further  on. 
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Fig.  240. — Edge  of  patch  in  atheroma  of  femoral.  To  the  right  the  membrane  of 
Henle  is  seen  as  a  dark  band.  The  patch  has  broken  through  the  membrane  and  pro- 
jected itself  into  the  middle  coat,    x  40. 

In  considering  more  particularly  the  details  of  the  process,  it  is 
instructive  to  examine  microscopic  sections,  including  the  edge  of  the 
;  patch  and  the  neighbouring  parts  of  the  vessel.  In  well-preserved 
\  recent  cases  it  can  be  seen  that  the  endothelium  of  the  intima  is 
continued  over  the  patch,  a  cellular  proliferation  in  the  sub-endothelial 
tissue  is  seen  to  be  the  essential  feature  (Fig.  245).  In  nearly  all 
cases  there  is  little  difficulty  in  observing  that  the  patch  is  really 
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a  thickening  of  the  internal  coat,  as  shown  in  Figures  246  and  247. 
The  thickened  intima  is  composed  of  a  dense  connective  tissue,  which 


Fig.  247. — Atheroma  of  femoral  artery.  The  disease  consists  in  a  localized  thickening 
of  the  intima  forming  the  atheromatous  patch,    x  (5. 


Fig.  248. — Section  of  atheromatous  patch  on  the  flat.    It  is  seen  to  present  stellate 
cells  with  elongated  processes,    x  350. 

in  the  early  stages  contains  many  round,  oval,  and  stellate  cells. 
In  many  cases  the  thickened  intima  can  be  made  out  to  present 
a  similar  structure  to  the  normal  intima.  A  section  on  the  flat  shows 
large  numbers  of  branching  cells  (as  in  Fig.  248),  such  as  characterize 
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the  normal  structure.  The  new- formed  tissue  thus  constitutes  a 
hypertrophy  of  the  intima. 

In  a  fully  formed  patch  the  structure  is  often  somewhat  indefinite. 
The  tissue  is  indeed  half  obsolete,  and,  as  already  indicated,  fatty 


Fig.  249.— Atheroma  of  aorta.  The  internal  coat  (a)  is  seen  to  be  thickened.  In  its 
deeper  layers  there  are  darker  markings  indicating  the  commencement  of  fatty 
degeneration  ;  b,  middle,  and  c,  external  coat,    x  22. 


degeneration  readily  occurs.  The  fatty  degeneration  begins  usually 
in  the  deeper  layers  of  the  patch,  so  that  on  cutting  into  it  one 
generally  finds  in  the  portion  of  the  patch  bordering  on  the  middle 


Fig.  250.— Atheroma  of  femoral  artery.  The  greatly  thickened  internal  coat  (a)  is 
shown.  In  the  midst  of  it,  towards  the  right,  are  dark  masses  consisting  mainly  of 
fatty  debris,  and  representing  the  atheromatous  abscess.  At  one  part  the  middle 
coat  (6)  is  considerably  encroached  on  from  within,    x  22. 

ioat  an  opaque  yellow  streak  (see  also  Fig.  249).  The  fatty  de- 
feneration at  first  affects  the  cells  of  the  intima  (as  shown  in  Fig. 
ji49),  but  as  time  goes  on  the  intercellular  substance  gives  way, 
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and  the  tissue  breaks  down,  so  that  a  cavity  containing  fatty  debris 
with  crystals  of  margarine  and  of  cholestearine  is  formed.  It  is  from 
the  character  of  this  fatty  debris  that  the  name  atheroma  is  derived, 
and  the  cavity  thus  formed  is  sometimes  called  an  Atheromatous 
abscess.  (See  Fig.  250.)  The  tissue  superficial  to  the  cavity  may 
ultimately  give  way,  and  so  expose  the  cavity,  thus  forming  an 
Atheromatous  ulcer.    (See  Fig.  251).    The  ulcer  sometimes  presents 

calcareous  masses  in  its 
walls,  and  in  any  case  it 
may  induce  the  deposition 
of  fibrine  on  its  surface. 

Calcareous  infiltration 
is  a  frequent  result  in  the 
atheromatous  patch.  The 
dense  tissue  of  the  patch 
may  become  infiltrated 
with  lime  salts,  with  or 
without  a  preceding  fatty 
degeneration.  This  is  pecu- 
liarly the  case  when  the 
tissue  is  very  hard  and 
dry.  We  shall  see  after- 
wards that  some  individ- 
uals present  a  very  great 
tendency  to  the  deposition 
of  lime  salts  in  the  walls 
of  their  arteries,  and  there 
are  cases  of  atheroma  in  which  this  tendency  is  very  marked,  so 
that  with  comparatively  little  atheromatous  thickening  there  may 
be  very  extensive  calcareous  deposition.  At  first  the  salts  are 
deposited  in  fine  granules,  and  in  the  deeper  layers  of  the  patch, 
but  as  time  goes  on  these  aggregate  into  consistent  masses,  so  that 
we  have  Calcareous  plates  of  various  forms  and  sizes,  sometimes 
attaining  to  a  square  inch  in  area.  These  plates,  having  abrupt  edges, 
not  infrequently  tear  through  the  remaining  layers  of  the  intima, 
and  present  an  edge  or  angle  inside  the  vessel.  They  may  even 
become  to  a  considerable  extent  separated,  and  hang  into  the  calibre 
attached  only  by  a  strip  of  intima  like  a  hinge.  The  rough  calcareous 
edge  very  commonly  induces  a  deposition  of  fibrine,  and  the  thrombus 
thus  formed  may  subsequently  get  detached,  and  form  an  embolus. 
The  determination  of  the  preponderance  of  the  fatty  or  calcareous 
change  appears  to  depend  on  individual  peculiarities.     Both  forms 


b 
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Fig.  251.  —Atheroma  of  aorta,  a,  middle  coat  ;  b,  athero- 
matous internal  coat.  There  is  a  marked  opacity  of  the 
intima  in  its  deeper  parts  from  fatty  degeneration,  and  it 
impinges  on  the  media.  The  fatty  structure  has  come  to 
the  surface  and  caused  an  atheromatous  ulcer,    x  8. 
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are  very  frequent  in  the  aorta.  The  fatty  change  preponderates 
greatly  in  the  cerebral  arteries.  The  aorta  is  sometimes  greatly 
altered  by  the  atheroma  and 
calcareous  deposition,  as  shown 
in  Fig.  252. 

Besides  these,  which  may 
be  regarded  as  the  primary 
lesions  of  atheroma,  there  are 
frequently  present  certain  fur- 
ther changes  which  have  been 
variously  interpreted  as  parts 
of  the  primary  lesion  or  as 
Secondary  results.  These 
concern  chiefly  the  media  and 
the  adventitia.  There  is  no 
doubt  that  in  atheroma  of 
the  aorta  there  are  very 
commonly  inflammatory  mani- 
festations in  the  two  outer 
coats,  and  some  authors  have 
regarded  this  as  an  indication 
that  the  atheroma  is  merely 
part  of  a  general  inflammation 
of  the  vessel-wall.  But  these 
manifestations  are  usually  ab- 
sent in  atheroma  of  the  smaller  vessels,  and  may  be  awanting  in  the 
aorta  itself.  They  are  either  the  result  of  the  atheroma,  or  else  they 
are  conditioned  by  those  changes 
in  the  circulation  (increased  pres- 
sure) which  we  have  seen  to  take 
part  in  the  causation  of  atheroma. 

The  atheromatous  patch,  forming 
a  hard  nodule,  impinges  on  the 
media,  and  not  infrequently  seri- 
ously interferes  with  it.  There 
may  be  a  simple  thinning  of  the 
media  from  within,  along  with  fatty 
changes  which  may  manifest  them- 
selves in  the  muscle  cells  of  this 
coat  (see  Fig.  253).  There  may 
be,  on  the  other  hand,  traumatic 
lesions,  sometimes  resulting  in  rupture  of  its  elastic  laminse  (see  Fig. 


I   'nil  WillMin 

Fig.  252. — Portion  of  thoracic  aorta,  almost  con- 
tinuously atheromatous,  and  with  many  calcareous 
plates. 


b 


Fig. 


3. — Fatty  degeneration  in  atheroma, 
from  internal  coat  ;  b,  muscle  cells  from 
middle  coat,    x  350. 
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247).  This  injury  and  rupture  brings  about  a  process  of  repair,  so 
that  we  have  the  usual  formation  of  vascular  inflammatory  tissue  in 
the  media  going  on  to  cicatrization.  Moreover,  the  atheromatous 
patch  is  largely  in  the  condition  of  a  piece  of  dead  or  obsolete  tissue, 
and,  on  the  principles  already  expounded,  it  is  liable  to  be  eaten 
into  and  replaced  by  vascular  tissue.  The  deeper  parts  of  the  patch 
are  frequently  thus  vascularized,  especially  when  the  media  has  been 
injured.  These  are  true  inflammatory  changes  in  the  intima,  and  are 
different  from  the  atheromatous  process.  They  are  often  continuous 
Avith  the  similar  changes  in  the  media  and  adventitia.  These  lesions 
are  of  importance  in  relation  to  the  causation  of  aneurysms  (see 
further  on). 

(c)  Effects  of  atheroma  on  the  circulation. — There  are  four  altera- 
tions which  it  produces,  each  of  which  may,  according  to  circum- 
stances, have  important  effects  on  the  circulation.    The  disease  causes 

narrowing  of  the  calibre,  interference  with  the  muscular  contractility,  rigidity, 
and  sometimes  actual  injury  to  the  wall. 


Fig.  254.—  Atheroma  of  cerebral  artery.  The  greatly  thickened  internal  coat  is  seen. 
In  its  substance  are  dark  masses  (&)  in  which  margarine  crystals  were  found.  On  the 
surface  is  a  paler  layer  (c)  consisting  of  partially  organized  thrombus  ;  (e/)  blood 
occupying  the  remaining  calibre.    X  34. 


The  Narrowing  of  the  vessel  will  be  of  little  consequence  in  such 
large  arteries  as  the  aorta,  but  in  the  case  of  the  cerebral  vessels, 
the  cardiac  arteries,  and  those  of  the  legs,  the  interference  with  the 
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circulation  may  be  considerable  (see  Fig.  254).  We  have  seen  this 
illustrated  in  the  case  of  the  coronary  arteries  of  the  heart,  especially 
when  thrombosis  supervenes,  where  the  disturbance  of  the  circulation 
sometimes  produces  severe  angina,  and  may  lead  to  sudden  death, 
and  it  is  no  less  potent  as  a  cause  of  disease  in  the  cerebral  arteries. 


Fig.  255.— Transverse  section  of  normal  cerebral  artery  to  contrast  with  Fig.  265.    x  34. 


The  Interference  with  the  contractility  will  also  affect  mainly  the 
arteries  of  smaller  dimensions,  and  in  the  case  of  the  arteries  of  the 
brain,  the  absence  of  that  control  of  the  circulation  which  is  afforded 
by  their  varying  calibre  may  lead  to  serious  consequences. 

Rigidity  and  weakening  of  the  wall  are  very  important  conse- 
quences of  atheroma,  especially  in  the  aorta,  where  they  are  important 
factors  in  the  causation  of  aneurysm.  The  immediate  consequence 
of  rigidity  of  the  aorta  is  that  during  the  systole  of  the  heart  the 
vessel  does  not  dilate,  and  at  the  end  of  the  systole  it  does  not 
recoil,  so  that  the  force  of  the  elastic  recoil  is  lost  to  the  circulation, 
and  in  distant  parts  there  is  apt  to  be  more  or  less  stagnation.  As 
a  result  of  this  we  have  hypertrophy  of  the  left  ventricle,  which  is 
often  very  marked  in  cases  where  much  calcareous  infiltration  exists. 
The  hypertrophied  ventricle  sending  the  blood  forcibly  into  the 
rigid  aorta  produces  commonly  a  diffuse  dilatation  of  the  arch.  The 
influence  of  atheroma  in  producing  aneurysm  will  fall  to  be  considered 
subsequently. 

The  time  of  life  at  which  atheroma  is  most  frequent  is  a  point  of  some  im- 
portance in  relation  to  the  causation  of  aneurysm.  According  to  Kokitansky, 
it  is  commonest  between  the  ages  of  forty  and  sixty.  It  is  still  pretty  frequent 
down  to  thirty  years  of  age,  but  rapidly  diminishes  in  frequency  from  that  age 
downwards.    It  is  extremely  rare  under  twenty  years,  and  when  it  does  occur 


4:78 


AFFECTIONS  OF  ARTERIES. 


it  is  mostly  in  connection  with  congenital  anomalies  of  the  great  vessels  or 
heart,  such  as  stenosis  of  a  main  stem  with  defect  of  the  septum,  etc. 

5.  Endarteritis  obliterans. — This  is  not  an  independent  disease,  but 

is  frequently  of  considerable 
importance  as  a  part  of  the 
phenomena  of  other  conditions. 
It  affects  the  finer  vessels  of 
certain  organs,  and  consists,  like 
atheroma,  in  a  thickening  of  the 
internal  coat  (see  Fig.  256)  which, 
in  these  fine  arteries,  frequently 
leads  to  complete  obliteration. 
This  form  of  lesion  is  seen  espe- 


.,,  . f  'if  vi;  K*0k£i^  y     cially  in  interstitial  inflammations 

of  oyrganSj  and  is  particular J 

Fig.  256. -Endarteritis  obliterans  in  arteries  of     frequent    in    chronic  interstitial 

f  mSdieacotatCkeJied  aud  flbr°US  internal  coat ;    nephritis,  where  it  will  be  again 

referred  to. 

6.  Retrograde  changes  in  arteries. — We  have  already  referred  to 
retrograde  changes  in  connection  with  atheroma.  Some  more  inde- 
pendent forms  have  still  to  be  considered. 

(a)  Fatty  degeneration  of  the  intima  of  arteries.  —This  condition 
is  apt  to  be  mistaken  for  atheroma.    We  frequently  see,  especially 
in   the  aorta,  yellow  markings  slightly  raised  above  the  internal 
surface,  and  having  the  appearance  of  superficial  figurings.  They 
are  to  be  found  in  the  aorta,  pulmonary  artery,  and  other  parts  of 
the  arterial  system.     If  a  portion  of  such  a  patch  be  examined 
under  the  microscope  by  removing  a  thin  layer  by  a  section  parallel 
to  the  surface,  it  will  be  found  that  the  condition  consists  in  a  fatty 
degeneration  of  the  cells  of  the  intima.    The  flat  branched  cells  are 
demarcated  by  the  presence  in  them  of  abundant  fat  drops.    If  the  | 
fatty  degeneration  is  much  advanced  then  the  intercellular  substance  ! 
becomes  also  the  seat  of  fat  drops,  and  the  cells  are  no  longer 
demarcated.    It  sometimes  happens  that  when  the  degeneration  is  i 
very  advanced  the  little  patch  softens  and  an  erosion  forms.    This  j 
erosion  is  very  superficial,  and  is  not  to  be  mistaken  for  the  ather- 
omatous ulcer. 

This  condition  is  sometimes  met  with  in  the  bodies  of  compara- 
tively healthy  persons ;  we  have  already  seen  that  in  anaemic  and 
emaciated  persons  it  is  frequent,  and  it  is  to  be  classed  in  the  same 
category  as  fatty  degeneration  of  the  muscular  tissue  of  the  heart. 

,(&)  Calcareous  infiltration  of  arteries. — We  have  already  seen 
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that  in  atheroma  there  is  very  frequently  a  calcareous  infiltration 
of  the  affected  structures,  and  it  has  been  stated  that  individual 
peculiarities  appear  to  play  an  important  part  here.  In  some  cases  a 
more  independent  calcareous  deposition  occurs,  and  here  individual 
peculiarities  are  of  still  greater  consequence.  Calcification  of  the 
middle  coat  is  the  most  frequent  and  important  form.  This  is  very 
frequently  associated  with  atheroma,  but  it  is  noteworthy  that  the 
atheroma  and  calcareous  deposition  very  often  affect  different  arteries 
or  different  parts  of  the  same  artery.  We  may  have,  for  instance, 
atheroma  of  the  aorta  and  calcification  of  the  middle  coat  in  the 
femoral  and  smaller  vessels  ;  or  there  may  be  atheroma  as  well  as 
calcification  in  the  femoral,  but  in  their  extreme  degrees  the  two 
are  present  at  separate  parts  of  the  artery.  For  instance,  Fig.  250, 
p.  473,  and  Fig.  258  are  from  the  same  femoral  artery,  and  from 
parts  near  each  other ;  but  the  one  shows  atheroma  with  fatty 
degeneration,  while  the  other  exhibits  very  advanced  calcareous 
infiltration  of  the  middle  coat.  It  may  here  be  remarked  that  cal- 
cification affects  by  preference  the  arteries  of  medium  and  smaller 
size.  It  is  often  very  pronounced  in  the  femoral  and  brachial,  and 
extends  to  those  of  smaller  size,  but  not  to  the  finest  arteries. 


Fig.  257.— Calcareous  infiltration  of  the  middle  coat  (6)  in  an  artery,  early  stage, 
with  atheroma  (ft).  At  the  edges  of  the  affected  part,  the  genei-al  outline  of-  the 
muscle  fibre  cells  can  be  made  out.    x  60. 

The  deposition  occurs  in  most  cases  primarily  into  the  muscular 
fibre  cells  of  the  middle  coat,  and  at  first  marks  these  out  by  the 
presence  of  fine  opaque  granules  (see  Fig.  257),  but  the  author  has 
met  with  a  case  in  which  the  elastic  lamina  of  Henle  was  the 
primary  seat  of  deposition.  The  granules  flow  together  till  a  patch 
is  formed  of  an  opaque  appearance,  but  confined  to  the  middle  coat. 
As  the  calcareous  deposition  increases,  the  patch  sometimes  assumes 
a  crystalline  appearance,  and  the  material  may  become  broken  and 
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irregular,  as  in  Fig.  258.  This  condition  necessarily  gives  greatly 
increased  rigidity  to  the  walls  of  the  arteries,  and  the  feeling  of 
rigidity  so  often  felt  in  the  radial  and  other  smaller  arteries  is 
mostly  due  to  this  cause,  and  not  to  atheroma.    The  fact,  however, 


Fig.  25S.  —Calcareous  infiltration  of  the  middle  coat  of  an  artery.  The  lime  salts 
have  aggregated  together  so  as  to  produce  a  crystalline  appearance.  This  was  taken 
from  the  same  artery  as  Fig.  250.    X  22. 


that  calcification  of  the  middle  coat  is  so  often  associated  with 
atheroma  renders  this  rigidity  to  some  extent  an  indication  of  the 
existence  of  atheroma  in  the  larger  arteries.  To  the  naked  eye  the 
calcified  parts  frequently  manifest  themselves  by  the  appearance  of 
a  circular  opaque  striation,  visible  especially  when  the  artery  is  laid 
open  and  viewed  from  within.  The  appearance  is  better  seen  if  the 
artery  be  allowed  to  dry  partially,  as  then  the  normal  tissue  becomes 
more  transparent  and  the  chalky  structures  more  prominent.  In 
that  case  complete  or  partial  rings  are  seen,  not  unlike  the  irregular 
cartilaginous  rings  of  the  bronchi,  but  smaller.  Another  method  of 
rendering  the  calcification  prominent  is  to  tear  off  the  internal  coat, 
which  is  usually  somewhat  loosely  attached. 

The  calcified  middle  coat  sometimes  undergoes  a  true  Ossification, 
so  that  spicula  of  bone  may  be  mixed  with  calcareous  masses.  The 
ossification  is  secondary  to  the  calcareous  infiltration,  and  is  always 
small  in  extent  compared  with  the  latter.  It  is  really  the  result 
of  a  chronic  inflammation  around  the  calcareous  masses,  the  new- 
formed  connective  tissue,  penetrating  amongst  these,  becoming  trans- 
formed into  true  bone  by  reason  of  the  rigidity  of  the  structures 
and  the  abundance  of  lime  salts. 

The  author  has  observed  a  similar  development  of  true  bone  in  a  collapsed 
hydatid  cyst  in  the  liver.  In  this  case  the  new-formed  connective  tissue  had 
penetrated  amongst  the  degenerated  products  of  the  parasite,  and  in  some  parts 
had  developed  osseous  tissue  with  regular  lacunae  and  canaliculi. 

The  calcareous  infiltration  of  the  middle  coat  renders  the  artery  peculiarly 
rigid,  and,  when  extensive,  induces  hypertrophy  of  the  left  ventricle  just  as 
rigidity  of  the  aorta  does.  The  rigid  vessels  are  also  liable  to  dilatation,  as  in 
the  case  of  the  aorta.    But  besides  that,  the  calcined  middle  coat  is  brittle, 
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and  affords  a  much  less  effective  resistance  to  the  distensile  wave  of  blood. 
An  additional  strain  on  the  circulation,  or  some  special  movement  of  the  body, 
may  break  the  brittle  coat  and  directly  lead  to  aneurysmal  dilatation  of  the 
artery.  It  is  not  unlikely  that  peripheral  aneurysms  are  frequently  induced 
in  this  way,  and  especially  those  of  the  popliteal  region,  where  the  artery  is 
peculiarly  liable  to  mechanical  injury  from  the  movements  of  the  limb. 

A  peculiar  Calcification  of  arteries  by  metastasis  has  been  described.  We  have 
already  seen  that  when  great  destruction  of  bone  is  occurring  the  lime  salts 
may  be  deposited  in  distant  parts,  the  lungs  and  mucous  membrane  of  the 
alimentary  canal  being  the  chief  seats.  Kuttner  has  described  a  case  in  which 
the  incrustation  occurred  in  the  arteries.  The  deposition  increased  in  amount 
the  further  removed  the  arteries  were  from  the  heart,  and  it  was  especially 
manifest  where  the  current  was  permanently  impeded,  as  where  a  small  branch 
issued  from  a  comparatively  large  stem.  In  this  case  it  was  the  intima  that 
was  incrusted,  and  it  was  peculiar  that  the  veins  were  not  in  the  least  affected. 
Apart  from  the  incrustation,  the  arterial  coats  were  apparently  normal.  The 
source  of  the  lime  salts  was  an  acute  caries  of  the  vertebral  column  from  the 
first  dorsal  to  the  last  lumbar.  In  relation  to  the  pathology  of  the  case,  it  is 
to  be  added  that  there  was  a  purulent  interstitial  nephritis,  so  that  the  excretion 
of  lime  salts  was  presumably  impeded.  It  is  remarkable  that  in  this  case 
the  metastasis  was  to  the  arteries,  and  that  the  lungs  and  mucous  membrane 
of  the  intestine  were  entirely  free. 

(d)  Amyloid  disease. — This  is  frequent  in  the  walls  of  arteries  in 
various  organs.    (See  page  185,  and  under  Kidneys,  Spleen,  Liver.) 

7.  Aneurysms. — An  aneurysm  is  a  localized  dilatation  of  an  artery. 
Taking  this  as  the  definition,  it  will  follow  that  in  the  aneurysm  the 
coats  of  the  artery  are  stretched,  and,  to  some  extent,  retained  as 
the  covering  of  it.  We  shall  afterwards  see  that  there  are  aneurysms 
in  which  this  is  hardly  the  case,  in  which  the  coats  rather  give 
way  and  rupture.  Such  aneurysms  are  often  designated  Spurious 
aneurysms,  of  which  it  will  be  necessary  afterwards  to  describe 
several  varieties.  Even  of  the  aneurysms  which  come  under  the 
above  definition  there  are  several  varieties,  but  we  have  to  consider 
here,  in  the  first  place,  those  which  arise  by  a  limited  dilatation  of 
an  artery.  The  artery  may  be  dilated  in  a  considerable  part  or 
the  whole  of  its  circumference,  thus  forming  a  spindle-shaped  or 
Fusiform  aneurysm.  The  dilatation  may  affect  such  a  considerable 
portion  of  a  vessel  as  scarcely  to  come  under  the  designation  of  an 
aneurysm.  This  is  especially  the  case  in  the  aorta  where  Dilata- 
tion of  the  arch  (as  in  Fig.  259)  is  not  infrequent.  On  the  other 
hand,  the  dilatation  may  be  such  as  to  form  a  pouch,  and  we  have 
then  a  Sacculated  aneurysm. 

(a)  Causation  and  Mode  of  Production. — A  general  survey  of  the 
conditions  under  which  aneurysms  occur  leads  to  the  conclusion 
that  two  chief  agents  have  to  do  with  their  production,  namely. 
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some  condition  which  weakens  or  injures  the  wall  of  the  vessel,  more 
especially  its  middle  coat,  and  increase  of  the  blood -pressure.  The 
injury  to  the  media  is  local,  the  increase  of  blood-pressure  is  in  the 
general  arterial  system  and  depends  on  general  circumstances. 


Fig.  251).— Dilatation  of  aortic  arch.    The  vessel  is  shown  laid  open  from  the  valve 
onwards. 

Atheroma  is  to  be  mentioned  as  the  most  potent  local  agent  in 
the  production  of  aneurysm.  The  connection  of  atheroma  and 
aneurysm  is  at  once  indicated  by  the  fact  that  virtually  in  all  cases 
of  aneurysm  of  the  aorta,  atheroma  is  present,  and  often  in  a  very 
marked  form.  The  manner  in  which  atheroma  conduces  to  the 
causation  of  aneurysm  has  been  made  the  subject  of  study  by  the 
author  in  association  with  Dr.  Auld.  It  may  be  remarked  that, 
for  purposes  of  resistance  to  the  force  of  the  blood,  the  media  is  the 
essential  part  of  the  vessel-wall.  In  the  aorta  it  forms  a  thick 
mantle  composed  chiefly  of  elastic  and  muscular  tissues.  The  intima 
is  a  thin  layer,  and  the  adventitia,  which  is  composed  of  connective 
and  elastic  tissue,  has  neither  the  resistance  nor  the  elastic  recoil  of 
the  media. 
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The  relations  of  atheroma  and  aneurysm  are  best  studied  in 
instances  where  there  are  the  first  beginnings  in  small  depressions  or 
pouches  visible  in  scanning  the  internal  surface.  In  most  cases  of 
actual  aneurysm,  and  in  some  cases  of  atheroma  without  aneurysm, 
such  small  beginnings  are  visible.  When  such  small  depressions  are 
examined  in  microscopic  section  the  conditions  visible  are  those 
shown  in  Fig.  260.    Here,  it  will  be  noted,  the  depression  coincides 


■x 


Fig.  260. — Beginnings  of  an  aneurysm  in  aorta,  a,  Media;  b,  intima.  The  intima 
is  greatly  thickened  by  atheroma,  and  has  impinged  on  media,  causing  great  atrophy 
of  the  latter,    x  S. 

with  an  atheromatous  patch  or  node.  The  depression  is  largely  at 
the  expense  of  the  middle  coat,  which  tapers  off  towards  the  centre, 
-and  is  entirely  awanting  at  one  point  near  the  bottom  of  the  depres- 
sion. The  actual  dilatation  is  evidently  referable  to  destruction  of 
the  media,  and  this  has  been  occasioned  by  the  impingement  of  the 
patch  or  node  upon  it.  It  has  been  already  explained  under  athe- 
roma that  the  patch  often  leads  to  injury  and  rupture  of  the  media, 
and  in  the  beginnings  of  aneurysms  this  is  regularly  present. 

We  have  already  seen  also,  under  atheroma,  that  the  injury  to 
the  media  leads  secondarily  to  inflammatory  processes  in  the  wall 
generally.  These  are  partly  reparatory  and  are  continued  after  the 
formation  of  the  aneurysm,  whose  wall,  as  will  appear  afterwards,  is 
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ultimately  composed  of  connective  tissue  formed  by  a  process  of 
inflammation. 

Whilst  atheroma  is  a  frequent  element  in  the  causation,  other 
conditions  which  injure  or  rupture  the  middle  coat  are  also  causes. 
Thus  embolism  in  the  cerebral  arteries,  when  it  does  not  cause  com- 
plete obstruction,  is  liable  to  produce  aneurysm  by  injuring  the  wall. 
Examination  of  an  aneurysm  of  this  kind  showed  that  there  was 
virtually  a  gap  in  the  middle  coat,  the  intima  and  adventitia  being  j 
pushed  outwards.  Calcification  of  the  media,  by  rendering  the  media 
brittle,  may  also  be  regarded  as  an  agent  in  the  causation  of  j 
aneurysms.  A  blow  over  a  vessel  may  extend  deeply  enough  to 
injure  its  coats,  or  the  fractured  end  of  a  bone  may  do  so.  (See 
under  Traumatic  Aneurysm,  p.  492.) 

The  influence  of  Increase  of  blood-pressure  is  shown  by  a  number 
of  considerations.    In  severe  continued  exertion  we  find  the  most 
frequent  cause  of  increased  blood-pressure.     The  engineer  who  has 
to  manipulate  a  piece  of  hot  iron  while  wielding  a  heavy  hammer,  or  1 
the  football  player  who  has  a  succession  of  fast  runs  to  make,  or 
the  mountaineer  who  forces  the  pace  too  much,  or  the  soldier  who  j 
has  to  perform  long  marches  with  heavy  accoutrements,  must  each 
put  a  strain  on  his  heart  and  larger  vessels  which  ordinary  persons 
are  not  liable  to.    In  this  connection  the  Age  at  which  aneurysms 
are  most  common  is  of  importance.    This  coincides  with  the  latter  | 
part  of  the  most  active  period  of  life.    Aneurysms  are  most  frequent 
between  the  ages  of  thirty  and  forty.    On  the  other  hand,  atheroma, 
although  not  infrequent  between  these  ages,  is  much  more  common  j 
after  forty.    It  will  be  seen  that  aneurysms  coincide  with  the  time  I 
of  life  when  the  period  of  greatest  bodily   vigour   overlaps  the  j 
beginnings  of  the  period  of  occurrence  of  atheroma.     Another  cir- 
cumstance is  the  great  preponderance  of  aneurysm  in  the  male  sex. 
Atheroma  shows  a  similar  predominance  but  not  nearly  to  such  an 
extent.    As  has  been  pointed  out  by  M'Crorie,  statistics  bearing  on  ; 
this  point  are  not  usually  reliable,  unless  it  be  remembered  that  males 
are  more  frequently  subjected  to  post-mortem  examinations  than  j 
females.     But  still  when  the  differences  are  very  great  this  factor 
cannot  be  the  determining  one.     Thus  Bizot  found  in  189  cases  of  j 
aneurysm  171  in  males  and  18  in  females,  and  Hodgson  found  in  63 
cases  56  in  males  and  7  in  females.    The  explanation  of  this  difference  j 
is  chiefly  that  men  are  more  exposed  to  extremes  of  physical  exertion 
than  are  women.     On  the  same  principle  we  explain  the  greater  ] 
frequency  of  aneurysm  in  some  countries  as  compared  with  others,  j 
The  excessive  stress  to  which  workmen  in  our  engineering  and  ship- 
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building  establishments  and  sailors  in  our  ships  are  frequently  put 
in  this  country  goes  far  to  explain  the  frequency  of  aneurysm  here. 

Another  circumstance  of  importance  is  the  Localization  of  aneurysms 
in  different  arteries.  Nearly  half  the  cases  of  aneurysm  occur  in  the 
aorta,  and  the  great  majority  of  these  in  the  thoracic  portion.  We 
have  seen  that  atheroma  is  most  frequent  in  this  vessel,  but,  in 
addition  to  that,  the  aorta  is  most  exposed  to  the  excessive  pressure 
of  the  blood  when  the  heart  is  stimulated  to  unduly  forcible  action. 
Next  to  the  aorta  the  popliteal  artery  is  most  frequently  the  seat  of 
aneurysm.  It  has  already  been  pointed  out  that  this  vessel  is 
especially  liable  to  injury  from  sudden  flexures  of  the  leg,  especially 
when  the  middle  coat  is  rendered  brittle  by  calcareous  infiltration. 
But  besides  that,  the  vessel  is  so  situated  as  to  be  liable  to  localized 
increase  of  blood-pressure.  As  it  issues  from  the  popliteal  space  the 
artery  passes  between  the  two  heads  of  the  gastrocnemius,  and  is 
liable  to  constriction  by  the  contraction  of  the  muscle.  On  this 
principle  has  been  explained  the  frequency  of  popliteal  aneurysm  in 
flunkies  whose  principal  occupation  is  to  exercise  their  gastrocnemii 
in  standing.  But  apart  from  that,  when  a  person  makes  a  severe 
exertion  in  a  standing  posture,  the  gastrocnemii  contract  vigorously, 
thus  producing  a  partial  obstruction  of  the  artery  and  an  increase 
of  pressure  above  the  obstructed  part,  while  the  general  blood- 
pressure  is  also  increased. 

Frequency  of  Aneurysms. 


551  Cases  in 

364  from 

English 

London 

Records. 

Museums. 

Aorta  thoracica  (including  arch), 

175 

207 

,,     abdominalis  (and  main  branches),  - 

59 

46 

Art.  pulmonalis,  - 

2 

2 

,,    iliaca  com., 

2 

2 

,,    iliaca  int.,  ------ 

0 

1 

,,    iliaca  ext.,  

9 

7 

,,    glutea,  ------ 

,,    cruralis,  ------ 

2 

0 

66 

12 

,,    poplitea,    -       -  - 

137 

50 

,,    tibialis  postica,  ----- 

2 

2 

,,    innominata,  ----- 

20 

3 

,,    carotis,  ------ 

25 

9 

,,  cerebralis,  

,,    temporalis,        -       -       -  - 

7 

1 

1 

0 

,,  ophthalmica,  

1 

0 

,,    vertebralis,  ----- 

0 

1 

,,    subclavia,  ------ 

23 

12 

,,  axillaris,  

18 

8 

,,  subscapularis,  

1 

0 

,,    brachialis,  ----- 

1 

0 

,,    radialis,  ------ 

0 

1 
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The  preceding  table  from  Crisp  gives  a  statement  of  the  frequency 
of  aneurysms  in  different  situations.  It  is  to  be  observed,  however, 
that  it  greatly  underestimates  the  number  of  aneurysms  of  the  cerebral 
arteries,  and  also  those  of  the  pulmonary  artery  in  phthisis  pulmonalis. 

(b)  The  Coats  of  the  artery  in  aneurysms. — An  aneurysm  begins 
as  a  localized  dilatation  or  as  a  little  pouching  of  a  limited  portion 
of  the  artery.  In  the  former  case  we  have  the  commencement  of  a 
fusiform,  and  in  the  latter  case  that  of  a  sacculated  aneurysm.  The 
little  pouch  which  forms  the  commencement  of  a  sacculated 
aneurysm  gradually  enlarges,  and  while  its  opening  remains  small, 
it  eidarges  outwards  in  all  directions  into  a  distinct  sac.  The  walls 
of  the  sac  are  sometimes  folded  back  around  the  aperture  so  as  to 
apply  themselves  to  the  external  surface  of  the  artery,  and  these 
may  become  mutually  adherent.  In  that  case  the  aperture  has  a 
sharp  edge,  and  it  appears  as  if  the  wall  of  the  artery  were  folded 
over  so  as  to  form  the  wall  of  the  aneurysm. 

The  Internal  coat  enters  variously  into  the  constitution  of  the 
aneurysmal  wall.  In  the  case  of  a  fusiform  aneurysm  it  is  con- 
tinuous over  the  internal  surface,  and  probably  presents  very  marked 
atheromatous  changes.  In  the  sacculated  form  it  is  usually  to  be 
traced  some  little  distance  from  the  edge  of  the  aperture  on  the 
wall  of  the  aneurysm,  and  even  in  the  midst  of  the  internal  surface 
of  the  sac  pieces  of  internal  coat,  greatly  altered  as  a  rule,  may  be 
discovered. 

The  Middle  coat,  as  we  have  seen,  undergoes  atrophy  in  sacculated 
aneurysms.  Even  in  fusiform  aneurysms  it  is  often  difficult  to  trace 
the  middle  coat  far  from  the  beginning  of  the  dilatation. 

The  External  coat,  on  the  other  hand,  may  be  regarded  as  forming 
the  chief  constituent  of  the  sac.  We  have  already  seen  that  at  the 
very  commencement  of  a  sacculated  aneurysm  inflammatory  new- 
formation  occurs  in  the  wall  of  the  vessel,  the  vascular  tissue  being 
chiefly  derived  from  the  external  coat.  As  dilatation  proceeds  the 
new-formation  of  tissue  goes  on,  so  that  the  sac  does  not  necessarily 
undergo  thinning  as  it  enlarges.  The  connective  tissue  of  the  external 
coat  usually  makes  common  cause  with  that  of  neighbouring  struc- 
tures, and  so  the  aneurysm  acquires  adhesions,  and  the  surrounding 
structures  come  to  form,  to  a  certain  extent,  constituents  of  the  sac. 

(c)  Thrombi  in  aneurysms. — Blood-clots  are  of  nearly  constant 
occurrence  in  aneurysms,  and  they  may  almost  be  regarded  as  con- 
stituents of  the  sac,  as  -  they  doubtless  aid  to  a  great  extent  in 
preventing  rupture.  Coagula  are  most  frequent  and  most  important 
in  sacculated  aneurysms.    We  meet  with  them  in  the  form  of  firm, 
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dry  layers,  which  present  a  distinct  stratification,  generally  parallel 
to  the  wall  of  the  aneurysm.  The  coagula  often  form  a  kind  of  sac 
inside  the  proper  sac,  and  after  removal  retain  the  shape  of  the 
aneurysm.  The  coagula  are  primarily  White  thrombi.  The  white 
blood-corpuscles  adhere  to  the  rough  internal  wall  of  the  aneurysm, 
and  after  they  have  accumulated  to  some  extent  coagulation  occurs 
and  a  thrombus  is  formed.  This  process  is  repeated,  and  the 
formation  of  fibrine'  is  thus  in  successive  layers.  Not  infrequently 
the  layers  become  partially  separated,  and  the  blood  insinuates  itself 
between  them.  A  layer  of  whole  blood  is  thus  formed,  and  when  it 
coagulates  we  have  a  red  thrombus  mixed  with  the  white.  As  time 
goes  on  the  clots  become  firmer,  dryer,  and  more  stringy.  The  layers 
next  the  sac  are  often  of  a  pearly  whiteness,  and  may  be  taken  for 
connective  tissue.  Under  the  microscope,  however,  they  are  seen  to 
be  devoid  of  definite  structure,  and  acetic  acid  brings  out  no  elongated 
nuclei  as  in  the  case  of  connective  tissue.  (See  under  Hyaline 
Degeneration,  p.  191.)  There  seems  little  tendency  to  the  organiza- 
tion of  these  coagula  unless  the  whole  aneurysm  becomes  filled  and 
its  cavity  obliterated  by  them.  The  continual  distension  of  the 
cavity  seems  to  interfere  with  the  process  of  organization ;  but,  if 
the  cavity  be  obliterated  by  the  formation  of  clots,  then  organization 
proceeds,  as  in  the  case  of  thrombosis  in  an  artery,  and  by  and  by  the 
aneurysm  is  converted  into  a  connective  tissue  nodule  which  contracts 
more  and  more. 

(d)  The  condition  of  branches  given  off  at  the  seat  of  an  aneurysm 
is  a  matter  of  great  importance.  These  vessels  are  frequently  ob- 
structed, and  there  are  various  ways  in  which  this  may  come  about. 
The  atheromatous  process  may  occur  to  such  an  extent  around  the 
orifice  of  a  branch  as  to  narrow  or  even  obliterate  it.  This  is  most 
frequent  in  small  arteries  like  the  intercostals,  but  is  not  uncommon 
in  larger  branches.  Again,  the  coagula  may  come  to  overlie  the 
aperture,  already  narrowed,  it  may  be,  by  atheroma.  Further,  it 
will  be  apparent  that,  as  an  aneurysm  enlarges,  especially  a  sacculated 
one,  it  will  often  drag  on  and  contort  vessels  whose  apertures  are 
in  or  near  its  walls.  The  aperture  may  thus  be  reduced  to  a  fissure, 
and  the  edge  may  be  so  placed  as  to  valve  the  aperture.  This  is 
particularly  the  case  in  the  sacculated  aneurysms  of  the  arch  of  the 
aorta.  Sometimes  by  the  enlargement  of  an  aneurysm  the  aperture 
of  the  branch  is  to  be  found  at  the  summit  of  the  aneurysm.  In 
that  case  the  aperture  may  be  obstructed  in  one  of  the  ways  already 
described,  but  it  not  infrequently  remains  at  least  partially  free. 
The  coagula  may  even  be  tunnelled  in  order  to  allow  the  current 
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to  flow  into  the  branches  (see  Fig.  261).  Another  mode  of  closure 
is  by  the  pressure  of  the  aneurysm  itself  on  the  branch  beyond  its 
aperture.  If  a  branch  be  closed  in  any  of  these  ways  it  becomes 
the  seat  of  a  thrombus,  and  in  the  usual  way  becomes  converted 


Fig.  26\. — Aneurysm  of  the  abdominal  aorta  with  clots  tunnelled  so  as  to  allow  the 
blood  to  reach  the  branches.  The  general  lie  of  the  stratification  of  the  clots  is  shown. 
The  cceliac  axis  and  superior  mesenteric  artery  are  seen  to  be  narrowed  at  their 
orifices.  The  posterior  wall  of  the  aneurysm  is  absent  where  it  impinged  against  the 
vertebra).    Half  the  natural  size. 

into  a  solid  cord.  In  regard  to  the  condition  of  branches  it  is  to 
be  observed  that  the  aneurysm  may,  as  it  were,  be  continued  into 
the  branch,  the  first  part  of  the  latter  being  dilated  along  with  the 
aneurysm. 

(e)  Effects  on  the  heart. — Aneurysms  affect  the  heart  somewhat 
variously.  The  organ  is  frequently  depressed  by  the  mere  presence 
of  the  aneurysm  at  its  base.  Room  must  be  afforded  for  the  in- 
creasing tumour,  and  as  the  position  of  the  aorta  forbids  much 
movement  upwards,  the  heart  is  pushed  somewhat  downwards.  The 
extent  of  displacement  will,  of  course,  depend  on  the  position  and 
size  of  the  aneurysm.  Besides  this,  the  heart  often  undergoes  en- 
largement, especially  the  left  ventricle.  It  is  clear  that  in  distending 
the  aneurysm  a  considerable  amount  of  the  force  of  the  left  ventricle 
is  wasted,  and  on  principles  already  considered  the  ventricle  must 
act  more  powerfully ;  the  hypertrophy  is  therefore  compensatory. 

(/)  Effects  on  parts  around. — The  effects  of  the  aneurysm  on 
other  parts  will  depend  on  the  amount  of  pressure  exercised,  and 
the  nature  of  the  structures  involved.  An  aneurysm  often  presses 
on  nerves,  causing  primarily  irritation  of  them  and  sometimes  ulti- 
mately interruption  and  consequent  loss  of  function.  Thus  aneurysms 
often  produce  violent  pains,  and  even  symptoms  of  angina  pectoris 
when  the  nerves  of  the  heart  are  pressed  on.  By  irritation  of  the 
recurrent  laryngeal  nerve  they  may  cause  spasm  of  the  laryngeal 
muscles,  or  by  destroying  the  nerve  lead  to  their  paralysis.  The 
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various  canals  within  the  chest — the  trachea,  bronchi,  oesophagus, 
veins — are  often  narrowed  or  completely  obstructed,  so  that  a  great 
variety  of  symptoms  are  produced.  When  an  aneurysm  meets  with 
a  firm  structure  such  as  bone,  it  erodes  it,  as  we  have  already  seen. 
Cartilage  resists  more  than 
bone ;  and  in  the  case  of  an 
aneurysm  coming  against  the 
vertebrae,  we  often  find  the 
bodies  of  the  vertebras  deeply 
eroded,  while  the  interverte- 
bral cartilages  stand  promi- 
nently out  between  them  (see 
Fig.  262).  We  may  find  also 
in  an  aneurysm  advancing 
to  the  front  of  the  chest  the 
sternum  and  osseous  ribs 
much  eroded,  while  the  carti- 
laginous ribs,  almost  isolated, 
are  very  little  destroyed.  In 
these  cases  it  will  be  seen 
that  as  the  dense  structures 
are  exposed  inside  the  an- 
eurysm, the  proper  wall  of 
the  latter  is,  by  so  much, 
deficient,  and  the  sac  of  the  aneurysm  joins  on  to  the  bone  round 
the  edges  of  the  eroded  portion. 

{g)  Terminations  of  aneurysms. — Aneurysms  have  somewhat  vari- 
ous terminations,  much  the  commonest  being  unfortunate.  Sometimes, 
although  very  rarely,  a  cure  occurs.  This  takes  place  only  when  the 
aneurysm  gets  completely  filled  with  thrombus,  in  which  case  organi- 
zation of  the  thrombus  occurs  Avith  subsequent  conversion  of  the 
aneurysm  into  a  solid  nodule  of  connective  tissue.  The  formation 
of  thrombi  is  brought  about  or  encouraged  in  various  ways.  By 
acupuncture  the  internal  surface  may  be  so  injured  as  to  promote 
thrombosis.  Occlusion  of  the  artery  by  preventing  the  rapid  renewal 
of  blood  encourages  thrombosis.  The  occlusion  may  be  brought  about 
by  ligaturing1  the  vessel.  Again  the  artery  is  sometimes  pressed  on 
by  the  bulging  aneurysm  itself,  and  obliterated.  Or  the  aneurysm 
having  burst,  the  blood  collecting  outside,  by  its  pressure,  obliterates 
the  aneurysm. 

But  the  majority  of  aneurysms  are  beyond  the  reach  of  surgical 
interference,  and  for  the  most  part  they  continue  enlarging  till  they 


Fig.  262. — Aneurysm  of  aorta  eroding  vertebrae.  The 
intervertebral  cartilages  are  seen  to  remain  prominent. 
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lead  to  a  fatal  issue.  This  may  be  from  the  effects  of  Pressure 
on  parts  around,  or  upon  the  heart,  so  that  death  may  result  from 
hyperemia  and  cedema  of  the  lungs,  from  general  venous  engorgement 
and  cedema,  from  marasmus,  and  so  on. 

The  aneurysm  sometimes  ends  by  Rupture,  which  occurs  in  various 
directions  according  to  the  circumstances  of  the  aneurysm.  It  may 
here  be  said  that  the  probability  of  rupture  is  by  no  means  in 
proportion  to  the  size  of  the  aneurysm.  A  large  aneurysm,  by  the 
amount  of  pressure  it  exercises,  will  probably,  by  its  irritation,  and 
by  causing  counter-pressure  from  displaced  organs,  produce  sufficient 
support.  When  rupture  occurs  it  is  either  into  a  cavity  of  the 
body,  as  the  sac  of  the  pericardium,  the  pleura,  an  auricle  of  the 


Fig.  263. — Aneurysm  rupturing  into  bronchus.  To  the  left  and  above  is  aorta 
with  aneurysmal  aperture  exposed.  To  the  right  and  below  is  trachea  bifurcating. 
In  right  main  bronchus  (left  in  figure)  is  an  aperture  with  a  flap  at  its  lower  edge. 
This  directed  the  blood  upwards. 

heart,  etc. ;  or  into  a  canal,  as  the  trachea,  bronchus,  or  another 
blood-vessel,  such  as  the  pulmonary  artery  ;  or  into  the  substance 
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of  an  organ,  as  the  lung  or  brain  ;  or  among  the  muscles  or  con- 
nective tissue  of  a  part.  The  mode  in  which  the  rupture  comes 
about  varies  somewhat.  The  aneurysm  may  rupture  into  a  cavity 
or  on  the  surface  of  the  body  for  want  of  support  to  its  Avail,  a 
tear  occurring  by  and  by  in  the  sac.  Or  the  aneurysm  may  under- 
mine a  mucous  membrane  or  the  skin,  and  produce  a  necrosis, 
rupture  occurring  on  the  separation  of  the  slough  (as  in  Fig.  263). 
Or  the  aneurysm  may  induce  inflammation  of  the  mucous  membrane, 
and  the  softened  tissue  may  give  way.  Again,  in  the  case  of  an 
aneurysm  meeting  an  osseous  structure  a  gap  occurs  in  the  wall 
of  its  proper  sac,  as  mentioned  above,  and  the  edge  of  the  sac  may 
become  detached  from  the  bone,  and  so  occasion  a  rupture.  The 
rupture  is  not  usually  at  the  very  first  fatal ;  there  is,  to  begin 
with,  a  slight  leakage  of  blood  through  irregular  apertures  which 
get  occasionally  closed  with  blood-clot.  But  from  some  accidental 
increase  of  blood-pressure  or  other  cause  the  aperture  is  enlarged, 
and  a  fatal  haemorrhage  is  the  result.  Or  death  comes  from  ex- 
haustion due  to  the  prolonged  drain  and  the  interference  with  function 
that  the  aneurysm  otherwise  produces. 

Aneurysms  of  the  Ascending  aorta  are  most  liable  to  burst  into  the  pericardium, 
but  they  also  rupture  into  pleura,  lung,  oesophagus,  vena  cava  superior,  pul- 
monary artery,  auricle,  ventricle,  or  externally.  Those  of  the  Arch  of  the  aorta 
rupture  into  the  trachea  or  bronchi  most  frequently,  but  also  into  pericardium 
and  on  other  neighbouring  surfaces.  The  aneurysms  of  the  Thoracic  aorta  rupture 
chiefly  into  the  pleura3,  but  also  into  the  oesophagus,  bronchi,  and  lungs.  Those 
of  the  Abdominal  aorta  mostly  rupture  behind  the  peritoneum,  and  enormous 
quantities  of  blood  may  accumulate  beneath  that  membrane,  bulging  it  and  the 
abdominal  contents  forwards.  There  may  be  a  subsequent  tear  of  the  peritoneum, 
and  blood  is,  in  that  case,  present  in  the  abdominal  cavity.  Abdominal  aneurysms 
also  rupture  into  the  left  pleura,  inferior  vena  cava,  lungs,  colon,  pelvis  of  kidney, 
and  posterior  mediastinum. 

8.  Special  forms  of  aneurysm. — There  are  certain  lesions  to  which 
the  name  aneurysm  is  commonly  given,  but  which  do  not  accord 
with  the  description  given  above. 

la)  Cirsoid  aneurysm  and  the  Aneurysm  by  anastomosis  are  some- 
what allied  forms.  The  Cirsoid  aneurysm  is  sometimes  called  varix 
arterialis,  and  the  name  is  suggestive  of  the  condition  presented.  A 
portion  of  artery  with  its  branches  becomes  elongated  and  widened, 
and  the  vessels  become  convoluted  like  varicose  veins.  Sometimes 
the  dilatation  extends  to  the  corresponding  capillaries  and  veins. 
This  form  of  aneurysm  occurs  most  frequently  in  the  arteries  of 
the  scalp  and  face,  especially  the  temporal  and  occipital,  and  the 
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enlarged  and  tortuous  vessels  are  to  be  felt  under  the  skin.  The 
Aneurysm  by  anastomosis  is  almost  an  arterial  vascular  tumour. 
There  is  enlargement  and  lengthening  of  a  large  number  of  small 
arteries,  with  probably  new-formation  of  arteries,  and  the  mass  of 
vessels  can  be  felt  like  pulsating  worms  under  the  skin.  The 
enlargement  may  extend  to  the  capillaries.  The  affection  forms  a 
distinct  growth  of  a  bluish-red  colour,  with  a  somewhat  granular 
surface.     Its  most  frequent  seat  is  the  scalp. 

(b)  Traumatic  aneurysm. — This  arises  in  consequence  of  an  injury 
to  a  vessel.  An  injury  has  been  sustained,  and  after  a  longer  or 
shorter  period  an  aneurysm  appears.  The  mode  in  which  such 
aneurysms  arise  varies.  In  some  cases  an  artery  is  wounded,  and 
the  blood  makes  a  cavity  for  itself,  constituting  a  Spurious  aneurysm. 
The  cavity  remains  in  communication  with  the  artery,  and  forms  a 
kind  of  aneurysmal  sac.  This  is  not  a  common  result  of  wounds  of 
arteries,  as  these  usually  close,  but  it  does  occur,  and  most  readily 
when  the  wound  has  been  an  oblique  or  longitudinal  one.  It  may 
result  from  a  penetrating  wound  of  such  a  form  as  to  prevent  the 
escape  of  the  blood  from  the  surface,  or  it  may  result  from  a  broken 
bone  tearing  the  coats. 

But  there  are  some  cases  of  traumatic  aneurysm  which  are  more 
slow  of  formation  and  in  which  it  is  not  probable  that  any  distinct 
tear  through  the  whole  coats  has  occurred.  In  the  fully  developed 
aneurysm  it  is  impossible  to  trace  the  exact  mode  of  origin,  but  it 
is  probable  that  in  many  cases  a  fractured  bone  projected  against  a 
vessel  injures  or  even  ruptures  the  middle  coat,  and  possibly  the 
internal  as  well.  We  know  that  in  applying  a  ligature  those  two 
coats  give  way,  and  we  can  conceive  a  violent  force  applied  to  the 
wall  producing  the  same  result.  A  simple  blow  may  act  in  a  similar- 
way,  but  it  will  do  so  the  more  readily  if  the  middle  coat  be  already 
brittle  from  calcareous  infiltration.  Many  of  the  aneurysms  of  the 
femoral  and  popliteal  arteries  are  referred  to  blows  and  injuries  I 
but  these  are  not  all  to  be  regarded  as  pure  traumatic  aneurysms, 
as  the  arterial  coats  are  frequently  so  altered  by  atheroma  and 
calcareous  infiltration  as  to  make  the  injury  merely  the  determining 
cause. 

Traumatic  aneurysms,  as  appears  from  what  has  been  said  as  to 
their  origin,  have  usually  less  denned  sacs  than  spontaneous  ones. 
This  is  especially  the  case  in  those  which  arise  directly  from  wounds. 

(c)  Dissecting  aneurysm. — In  this  form  the  blood  is  not  in  a 
distinct  sac,  but  is  within  the  coats  of  the  artery  itself,  a  false 
passage  being  formed  amongst  the  layers  of  the  middle  coat.  The 
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blood  finds  its  way  into  this  situation  by  rupture  of  the  intima  and 
internal  layers  of  the  media.  It  sometimes  arises  from  an  injury,  and 
is  thus  a  traumatic  aneurysm,  but  it  more  frequently  occurs  spon- 
taneously, and  it  is  frequently  multiple.  The  author  has  met  with 
a  case  in  which  there  were  four  separate  dissecting  aneurysms  on 
the  aorta  and  its  branches.  It  may  be  inferred  from  this  fact  that 
the  condition  is  often  due  to  an  abnormal  brittleness  of  the  internal 
coat,  apparently  not  from  atheroma  or  any  other  definite  disease  of 
the  coat,  but  an  inherited  or  acquired  brittleness.  The  internal  coat 
is  torn  through,  and  the  blood  passes  among  the  fibres  of  the  middle 
coat.  It  is  not  that  the  middle  coat  is  dissected  up  from  the  internal 
coat,  but  the  layers  of  the  middle  coat  itself  are  separated,  and  the 
blood  lies  between  an  external  and  an  internal  layer  of  the  middle 
coat,  as  in  Fig.  265.  The  splitting  up  of  the  middle  coat  may  be 
carried  a  considerable  distance,  and  after  passing  along  in  the  wall 
of  the  vessel  the  blood  may  make  another  tear  in  the  internal  coat 
and  pass  back  into  the  vessel.    The  aneurysm  may  thus  come  to 


Fig.  264.— Dissecting  aneurysm  of  aorta.  In  A,  a  longitudinal  section  shows  the 
two  tubes,  the  natural  calibre  a,  and  the  aneurysmal  one  b  b,  the  latter  largely 
occupied  by  clot,  The  hollow  of  the  arch  is  largely  occupied  by  clot  at  c,  there  being 
here  a  partial  rupture  of  the  coats.  B  is  a  transverse  section.  The  proper  calibre  is 
greatly  reduced,  and  the  separation  has  extended  round  about  three-fourths  of  the 
circumference.    (From  a  preparation  in  the  Western  Infirmary  Museum.) 

have  two  apertures,  and  a  condition  may  occur  as  if  the  vessel  were 
formed  of  a  double  tube,  divided  longitudinally  by  a  septum  composed 
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of  the  internal  and  a  part  of  the  middle  coat  (see  Fig.  264).  The 
circulation  may  even  be  carried  on  to  a  great  extent  through  the 
aneurysm,  the  blood  passing  in  at  the  original  aperture  and  out  at 
the  secondary  one.  In  the  case  already  referred  to  and  partly  shown 
in  Fig.  264,  one  of  the  aneurysms  began  in  the  thoracic  aorta,  and 
was  continued  down  into  the  iliac  arteries.  There  were  two  apertures, 
one  in  the  thoracic,  and  the  other  far  down  in  the  abdominal  aorta, 
and  between  these  the  aneurysm  had  evidently  carried  on  the  circu- 
lation to  a  greater  extent  than  the  natural  channel.  The  approxi- 
mation of  such  an  aneurysm  in  character  to  the  regular  channel  is 
still  further  increased  by  the  fact  that  the  aneurysm  by  and  by 
acquires  an  internal  lining  resembling  the  internal  coat.  It  is  a 
homogeneous  membrane  of  about  the  thickness  of  the  internal  coat, 
so  that  in  a  section  it  may  be  difficult,  even  under  the  microscope, 
to  say  whether  a  particular  place  is  wall  of  vessel  or  wall  of  aneurysm 


Fig.  265.— Section  of  portion  of  a  dissecting  aneurysm  of  the  aorta.  At  the  left 
there  is  the  entire  wall  of  the  artery,  a  being  external,  b  middle,  and  c  internal  coat. 
The  middle  coat  is  split  so  as  to  form  the  aneurysm.  At  d  d,  a  kind  of  internal  coat 
is  formed  to  the  aneurysm,  but  this  is  the  seat  of  fatty  degeneration  at  e.    x  16. 


(see  Fig.  265).  In  that  case  the  proper  calibre  of  the  artery  may 
become  considerably  narrowed. 

Dissecting  aneurysms  being  confined  to  the  wall  of  the  vessel 
appear  externally  as  thickenings  or  dilatations  of  the  wall,  and  they 
may  produce  bulging  or  bagging  of  the  vessel  to  a  remarkable  degree. 
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Occasionally  a  dissecting  aneurysm  tears  through  the  remaining  layers 
of  the  middle  coat  and  the  external  coat,  and  so  a  spurious  aneurysm 
is  attached  to  a  dissecting  one. 

(d)  Varicose  aneurysm  is  a  term  applied  to  the  case  in  which  an  artery  and  a 
vein  acquire  a  permanent  abnormal  communication.  It  may  arise  spontaneously 
or  traumatically.  This  form  used  to  be  not  uncommon  at  the  bend  of  the  elbow, 
when,  in  performing  venesection,  the  lancet  wounded  artery  and  vein  together. 
It  occurs  spontaneously  when  an  aneurysm  ruptures  into  a  vein.  In  some  cases 
there  is  an  actual  aneurysmal  sac  between  artery  and  vein,  and  to  this  form  the 
name  Varicose  aneurysm  is  more  properly  applied.  But  the  communication  may 
be  direct,  and  while  the  artery  is  little  dilated  the  vein  is  enlarged,  tortuous, 
and  pulsating.  To  this  form  the  name  Aneurysmal  varix  is  applied.  The  inter- 
ference with  the  venous  current  produced  by  the  violent  injection  of  the  arterial 
blood,  especially  if  it  be  suddenly  produced,  may  lead  to  serious  venous  engorge- 
ment and  oedema,  which  may  even  have  a  fatal  issue.  Spontaneous  communications 
of  this  kind  have  been  observed  in  cases  of  bursting  of  aneurysms  between  the 
aorta  and  venae  cavae,  between  the  crural  and  popliteal  arteries  and  the  corre- 
sponding veins,  between  the  splenic  artery  and  azygos  vein,  and  between  the 
internal  carotid  and  the  sinus  cavernosus. 

9.  Syphilitic  and  Tubercular  affections  of  arteries. — These  arise 
usually  by  extension  of  the  infective  process  to  the  arteries,  and  are 
generally  part  of  a  larger  and  more  pronounced  lesion. 

Syphilitic  affections  of  the  arteries  occur  in  the  neighbourhood 
of  gummata,  more  especially  of  the  brain  and  its  membranes.  There 
is  an  extension  of  the  specific  inflammation  to  the  walls  of  the  artery, 
so  that  the  coats  are  infiltrated  with  round  cells.  The  internal  coat 
may  undergo  great  thickening,  so  that  the  condition  resembles  that 
in  obliterating  endarteritis  (see  Fig.  81,  p.  220).  A  more  unusual 
syphilitic  lesion  is  a  localized  inflammation  of  an  artery  without  the 
presence  of  a  gumma  in  the  neighbourhood.  The  artery  is  thickened 
and  has  a  cartilaginous  consistence,  while  the  calibre  is  greatly  reduced. 
This  condition,  which  occurs  chiefly  in  the  arteries  of  the  brain, 
resembles  atheroma  of  these  vessels,  but  is  more  limited  in  its 
distribution. 

There  is  considerable  doubt  as  to  the  existence  of  a  special  gummatous  end- 
rteritis  as  described  by  Heubner,  and  the  influence  of  syphilis  in  affecting  the 
irteries  has  been  exaggerated.    A  lesion  of  an  artery  is  not  to  be  regarded  as 
(syphilitic  unless  it  be  either  directly  connected  with  a  syphilitic  lesion,  or,  in 
he  absence  of  a  general  atheroma,  is  associated  with  syphilitic  disease  elsewhere. 

Tuberculosis  of  organs  not  infrequently  extends  to  their  arteries. 
The  wall  of  the  artery  ,  is  infiltrated  with  round  cells  and  its  tissue 
pened  out  and  softened.    There  may  result  aneurysm  or  even  hsemor- 
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rhage,  although  the  advancing  tuberculosis  usually  closes  the  artery 
by  thrombosis.    (See  under  Tuberculosis  of  the  lungs.) 

Literature. — Crisp,  Treatise  on  structure,  diseases,  and  injuries  of  blood-vessels,  I 
1847  ;  Koster,  Pathogenese  d.  Endarteritis,  1874  ;  Friedlander  (Arteritis  obliterans) 
Virch.  Arch.,  lxiii.,  355 ;    Stilling,  Heilung  durchschlungener  Gefiisse,  1834 ; 
Thoma  (Arteries  in  stumps),  Virch.  Arch.,  xciii.,  also  (Atheroma)  Virch.  Arch.,  ! 
civ.,  cv.,  cvi.  ;  Weber,  Pitha  and  Billroth's  Handb.,  Bd.  i.,  Abth.  1  ;  Cornil  et  j 
Kanvier,  2nd  ed.,  1881,  i.,  598;  Paget,  Lect.  on  surg. ;  Paul,  (Ossification)  Path, 
trans.,  1886;  Coats,  (do.)  Glasg.  Med.  Jour.,  Ap.,  1887;  Cohn,  (do.)  Virch.  Arch.,  j 
cvi.,  378.    Aneurysm — Bizot,  Mem.  de  la  Soc.  med.  d'observation,  vol.  i.,  1836 ;  I 
Hodgson,  Lect.  on  dis.  of  art.  and  veins,  1815;  Crisp,  1.  c;  Broca,  Des  aneurysmes, 
1856;  Koster,  Berl.  Klin.  Wochenschr.,  1879;  Coats  and  Auld,  Brit.  Med.  Jour., 
1893,  ii.,  p.  456,  and  Journ.  of  Path.,  1895.    Sy2milis — Allbutt,  St.  Geo.  Hosp.  j 
Rep.,  iii.,  iv. ;  Heubner,  Die  luetische  Erkrankung  der  Hirnarterien,  1874;  Baum-  j 
garten,  Virch.  Arch.,  lxxiii.  ;  Huber,  do.,  lxxix. 

II.— DISEASES  OF  THE  VEINS. 

I 

1.  Thrombosis. — This  is  of  very  frequent  occurrence  in  veins.  The 
full  description  of  this  process  in  a  previous  section  applies  especially  j 
to  the  veins.  As  the  blood  in  the  veins  is  normally  at  a  low 
pressure  and  flows  slowly,  it  is  readily  brought  to  a  standstill, 
especially  in  the  pouches  of  the  valves.  Hence,  any  cause  which 
produces  prolonged  passive  hyperemia  or  weakness  of  the  circulation 
is  apt  to  induce  thrombosis.  Thrombosis  is  also  a  result  of  inflam- 
mation of  veins,  such  inflammation  being  mostly  septic. 

Thrombosis  induces  an  Inflammation  of  the  wall  of  the  vein,  j 
whether  the  thrombus  be  specially  irritating  or  not.    In  the  case  of 
a  simple  thrombus  its  presence  induces  a  chronic  inflammation  which" 
extends  through  the  wall  of  the  vein  to  its  adventitia  and  surrounding 
connective  tissue.     There  are  thus  Adhesions  formed  between  the 
vein  and  its  sheath,  and  these  may  extend  to  the  sheath  of  the! 
neighbouring  artery,  causing  considerable  matting  around.     A  vein 
containing  an  old  thrombus  is  therefore,  as  a  rule,  somewhat  difficult: 
to  dissect  clean  from  the  surrounding  tissue.    Thrombi  in  veins  not; 
infrequently  become  organized,  and  there  may  be  a  partial  restoration 
of  the  calibre  in  the  manner  described  and  illustrated  at  pp.  106-108.; 
(See  also  Fig.  266.) 

2.  Inflammation  of  veins.  Phlebitis.— The  simplest  form  of 
phlebitis  is  that  just  referred  to  in  which  a  thrombus  causes  a  chronic 
inflammation  of  the  wall  of  the  vein.  We  may  also  have  an  inflam- 
mation of  the  wall  from  inflammations  in  the  neighbourhood  whicfc 
may  or  may  not  induce '  thrombosis  secondarily. 

Septic  phlebitis  or  Thrombo-phlebitis.   Pyaemia. — These  conditions 
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were  formerly  of  frequent  occurrence  and  much  discussed  in  medical 
literature.  Thrombo-phlebitis  mostly  results  from  the  entrance  of 
septic  matter  into  a  vein,  whose  mouth  lies  open  in  a  wound,  but 
it  may  occur  from  the  extension  of  a  septic  inflammation  along  the 
sheath  of  the  vein  and  thence  inwards. 


Fig.  26(3. — Two  veins  with  organized  thrombi  in  them.    The  thrombi  contain  large 
channels  by  which  the  circulation  is  restored,    x  8. 

Septic  matter  introduced  into  the  calibre  of  a  vein  induces  coagu- 
lation of  the  blood  which,  from  the  circumstances  of  the  case,  is 
usually  already  stagnant.  The  thrombus  thus  formed  is  not  a  simple 
one,  but  contains  septic  microbes,  namely,  pyogenic  micrococci.  There 
is  thus  a  strong  irritant  inside  the  vein,  and  this  induces  an  acute 
inflammation  of  its  wall.  There  is  an  exudation  of  leucocytes  and 
of  blood-plasma,  which  accumulate  in  the  interstices  of  the  wall  and 
infiltrate  the  external  and  middle  coats.  The  exudation  rapidly 
becomes  purulent,  and  the  coats  are  still  further  opened  out.  Viewed 
from  within  there  may  be  little  collections  of  pus  visible  beneath 
the  internal  coat  like  pustules.  The  pus  passes  into  the  calibre  of 
the  vein,  and  as  the  thrombus  softens  the  vein  will  often  come  to 
be  filled  with  pus.  The  softening  of  the  thrombus  is  partly  the  result 
of  the  presence  of  the  pus,  but  is  partly  also  from  septic  decomposi- 
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tion.  The  contents  of  the  vein,  by  the  softening  of  the  thrombus,  are 
allowed  to  pass  into  the  circulation,  although  fresh  thrombosis  may 
from  time  to  time  shut  them  off.  The  phenomena  of  Pyaemia  result 
from  the  carriage  of  septic  matter  by  the  blood  and  the  consequent 
infection  of  distant  parts.  From  the  veins,  the  most  direct  connection 
is  with  the  lungs,  where  septic  embolism  is  set  up.  But  there  is 
frequently  an  extension  beyond  the  lungs  by  the  systemic  arteries 
to  heart,  kidneys,  etc. 

Literature. — Hunter,  Works,  edited  by  Palmer,  1837,  iii.,  581;  Hodgson,  Dis. 
of  art.  and  veins,  1815;  Kokitansky,  Handb.  der  path.  anat.  ,ii.,  1844;  Virchow, 
Ges.  Abhandl.,  1857;  Ereling,  Ueber  Phlebitis,  1880;  Panton,  Uterine  phlebitis, 
Glasg.,  1840 ;  Lee,  Origin  of  inflam.  of  veins,  1850. 

3.  Varix  or  Phlebectasis. — Varix  is  dilatation  of  veins  just  as 
aneurysm  is  dilatation  of  arteries. 

Causation. — We  saw  that  some  weakening  of  the  wall  is  always 
necessary  to  the  occurrence  of  aneurysm,  but  no  such  condition  is 
required  in  the  production  of  varicose  veins,  although  a  certain 
looseness  of  texture,  in  some  cases  hereditary,  undoubtedly  predisposes. 
The  walls  of  veins  are  already  thin,  and  the  blood-pressure  within 
them  is  low.  In  the  case  of  the  veins  of  the  skin  we  are  familiar 
with  the  fact  that,  as  a  rule,  the  blood-pressure  is  not  sufficient  to 
overcome  the  atmospheric  pressure  to  any  considerable  extent  and 
the  veins  are  flattened  or  partially  collapsed,  a  slow  and  weak  current 
passing  through  them.  The  circulation  must  be  considerably  excited, 
or  the  veins  must  be  obstructed  in  order  to  make  them  stand  out 
as  cylinders  under  the  skin.  Such  being  the  case  it  may  be  conceived 
that  the  thin-walled  veins,  accustomed  to  a  slight  blood-pressure,  will 
readily  dilate  when  exposed  to  an  increased  blood-pressure.  Varix 
is  always  due  to  some  cause  which  is  calculated  to  increase  the 
blood-pressure  within  the  veins,  such  as  obstruction  of  the  veins  by 
thrombi,  tumours,  the  gravid  uterus,  passive  hypersemia  from  heart 
disease,  and  so  on. 

Character  of  the  changes. — In  the  early  stages  of  varix,  as  we 
have  frequently  an  opportunity  of  seeing  it  in  the  legs,  there  is 
simply  an  exaggeration  of  this  natural  dilatation  above  the  valves. 
When  we  stand  erect  the  column  of  blood  in  the  veins  of  the  legs  j 
is,  as  it  were,  supported  at  each  valve,  and  the  downward  pressure 
tells  on  the  valve  and  the  portion  of  the  vessel  forming  the  valvular 
sinus.  Hence  this  part  of  the  vessel  is  the  first  to  dilate  when  the 
blood -pressure  is  increased,  and  the  first  sign  of  varix  is  an  exagger- 
ation of  the  knotted  state  of  the  veins.    At  the  outset  each  valve 
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forms  a  kind  of  fixed  point,  the  dilatation  occurring  at  its  level,  and 
diminishing  as  the  valve  next  above  is  approached.  As  the  dilatation 
increases  and  extends  up  from  the  valve,  the  vein  increases  in  length 
as  well  as  in  calibre,  and  in  order  to  be  accommodated  it  begins  to 
form  Curves  or  Convolutions.  Thus  begin  those  sinuosities  which 
are  so  characteristic  of  varicose  veins,  and  which  tend  to  increase 
as  time  goes  on.  The  dilatation  of  the  vein  has  a  tendency  to  render 
the  valves  incompetent,  and  this  occurs  all  the  sooner  as  the  region 
of  the  valves  is,  as  we  have  seen,  the  part  where  the  pressure  is 
most  exercised.  When  the  valves  become  imcompetent  the  pressure 
tells  much  more  on  the  walls  of  the  veins,  as  the  column  of  blood 


Fig.  267.— Varicose  veins  of  leg  which  were  l-emoved  by  operation. 


is  now  arrested  at  longer  intervals.  The  pressure  acts  most  on  the 
dependent  parts  of  the  sinuosities,  and  will  increase  the  projection  of 
these.    In  this  way  we  may  have  wide  sinuses  with  their  convexity 
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downwards,  and  in  some  cases  even  diverticula  or  pouches  projecting 
from  the  veins  (see  Fig.  267).  In  these  exaggerated  dilatations  the 
blood  stagnates  greatly,  and  it  is  not  uncommon  for  Thrombosis  to 
occur.  The  vein  is  obstructed  more  or  less  completely  by  the 
thrombus,  which  may  organize.  On  the  other  hand,  the  latter  often 
dries  in  and  becomes  impregnated  with  lime  salts.  In  this  way 
varicose  veins  frequently  become  the  seat  of  vein-stones  or  Phleboliths. 

Chronic  inflammation  is  common  in  the  tissues  around  varicose 
veins  wherever  they  may  be,  and  so  in  the  skin  we  often  have 
very  persistent  eczema  with  a  brown  coloration  of  the  skin,  which 
may  be  referred  to  haemorrhage  by  diapedesis  from  the  hypersemic 
vessels.  The  skin  is  indurated  and  thickened,  and  this  along  with 
the  swelling  of  the  veins  may  be  so  great  as  to  produce  an  appearance 
like  that  in  elephantiasis.    Ulceration  is  often  induced  (see  Fig.  268), 


Fig.  26S. — Edge  of  varicose  ulcer.  To  the  left  is  normal  epidermic  layer,  which 
tapers  off  to  the  right  as  the  ulcer  is  reached.  Many  dilated  vessels  are  seen.  A 
vein  at  lower  part  shows  great  thickening  of  its  wall.    X  8. 

and  the  ulcer  is  sometimes  deep  and  sluggish,  and  may  persist  for 
years.  There  is  sometimes  great  thickening  of  the  walls  of  the  swollen 
veins  at  the  base  of  varicose  ulcers.  This  is,  apparently,  a  compen- 
satory thickening  to  resist  the  excessive  pressure  (see  Fig.  269). 
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A  varicose  vein  may  burst.  It  may  be  opened  by  the  ulcerative 
process,  or  it  may  come  to  the  surface  and  by  its  increasing  dilatation 
at  last  rupture.    In  the  case  of  the  leg  the  results  are  sometimes 


1 


Fig.  2(39. — Vein  with  hypertrophy  of  its  wall  from  base  of  varicose  ulcer,     x  18. 

exceedingly  serious.  As  one  effect  of  the  dilatation  is  to  render  the 
valves  incompetent,  the  veins  of  the  entire  leg  may  come  to  be 
virtually  devoid  of  valves.  But  the  veins  inside  the  abdomen  are 
normally  devoid  of  valves,  and  so  it  may  happen  that  from  the 
lower  leg  up  to  the  heart  there  may  be  a  single  column  of  blood 
without  an  arresting  valve.  If  now  a  vein  rupture  in  the  leg,  the 
whole  system  up  to  the  heart  may  be,  as  it  were,  tapped,  and  if  the 
person  is  in  the  erect  posture  a  fatal  haemorrhage  may  result.  The 
haemorrhage  will  cease  if  the  person  lies  down,  but  cases  have  been 
known  in  which  an  immense  amount  of  blood  has  been  shed  into 
the  boots  without  warning. 

Haemorrhoids  are  varicose  veins  of  the  lower  rectum.  At  the 
lower  part  of  the  rectum  a  network  of  small  veins  surrounds  the 
bowel,  lying  immediately  under  the  mucous  membrane.  These  veins 
communicate  with  the  inferior  mesenteric  vein,  which  is  a  tributary 
of  the  portal,  and  with  the  internal  iliac,  which  is  a  tributary  of 
the  vena  cava.    Any  obstruction  in  the  portal  circulation,  or  abnormal 
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pressure  within  the  abdomen  is  apt  to  induce  dilatation  of  this 
hemorrhoidal  plexus.  The  dilated  veins  push  the  mucous  membrane 
before  them,  and  protrude  as  bluish  flat  nodules  either  immediately 
within  or  without  the  anus.  They  may  assume  considerable  dimen- 
sions. The  knots  are  composed  originally  of  a  congeries  of  small 
convoluted  veins  (Fig.  270,  B),  which  may  communicate  so  as  to 
form  a  kind  of  cavernous  tissue,  but  sometimes  there  are  large  ones 
(Fig.  270,  A).     Through   time   the  mucous  membrane  undergoes 


Fig.  270.— Hemorrhoids  of  rectum,  in  section,  natural  size,  r  is  internal  surface  of 
rectum,  and  m  the  mucous  membrane  continued  over  the  hemorrhoid.  At  m'  is 
represented  the  muscular  coat,  the  dilated  veins  being  in  the  submucous  tissue.  At 
A,  the  veins  are  few  but  much  dilated,  one  especially  so,  just  beneath  the  mucous 
membrane.  At  B,  the  dilated  veins  are  more  numerous,  but  smaller.  Both  occurred 
in  the  same  case.  (Virchow.) 

alterations.  The  piles  at  each  movement  of  the  bowels  are  exposed 
to  mechanical  irritation,  and  so  the  mucous  membrane  is  almost 
constantly  in  a  state  of  catarrh.  Then  at  intervals,  when  the  blood- 
pressure  is  unusually  great  by  reason  of  an  attack  of  inflammation 
or  otherwise,  the  veins  rupture,  and  so  there  is  bleeding  both  in 
the  substance  of  the  mucous  membrane  and  on  to  the  surface.  The 
haemorrhoids  thus  get  greatly  altered.  They  become  condensed  from 
inflammatory  new-formation  of  connective  tissue.  They  sometimes 
become  the  seat  of  collections  of  blood,  which  may  form  blood-cysts. 
Phleboliths  may  also  form  in  the  veins.  More  severe  inflammations 
sometimes  occur,  resulting  in  abscesses,  fissures,  fistulas,  ulcers. 

Varicocele  is  a  dilatation  of  the  veins  of  the  spermatic  cord  and 
the  external  scrotal  veins.  It  affects  in  a  greatly  preponderating 
proportion  the  left  side,  the  explanation  of  this  being  apparently 
that  the  left  spermatic  vein  has  a  circuitous  course,  and  enters  the 
renal  vein  at  a  right  angle,  while  the  right  opens  into  the  lower 
vena  cava.  The  varicosity  generally  begins  at  the  external  inguinal 
ring,  and  extends  downwards  as  far  as  the  testicle.  There  is  not 
infrequently  atrophy  of  the  testicle,  and  sometimes  hydrocele  or 
hematocele. 
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Varix  may  occur  in  other  veins,  such  as  those  of  the  Neck  of  the 
"bladder  and  Prostate.  It  is  also  met  with  in  the  female  in  the 
Vesical  plexus  and  veins  of  the  Vagina,  and  this  may  be  combined 
with  varix  of  the  Broad  ligament.  Varicosity  also  occurs  in  the 
veins  of  the  Dura  mater. 

4.  New-formations  in  veins. — Syphilis  rarely  attacks  veins,  but  a 
gummatous  inflammation  has  been  observed  in  the  portal  vein  and 
in  the  umbilical  vein  in  new-born  children.  Leprosy  may  attack 
the  large  veins  of  the  extremity. 

Tuberculosis  affects  veins  in  organs  which  are  the  seat  of  this 
process,  and  produces  results  similar  to  those  in  arteries.  As  the 
walls  of  veins  are  thin  the  process  more  readily  penetrates  to  their 
calibre,  and  the  tubercle  bacillus  may  thus  find  entrance  to  the  blood. 
Tuberculosis  of  veins  is  the  most  frequent  cause  of  general  tuberculosis, 
as  already  described. 

Primary  tumours  of  veins  are  excessively  rare.  A  few  cases  of 
small  Myomata  have  been  described,  and  a  larger  tumour  which  was 
regarded  as  a  myo-sarcoma  (Perl).  Tumours  not  infrequently  pene- 
trate into  veins,  on  account  of  the  thinness  of  their  walls,  but  do 
not  produce  tumours  in  them. 

Literature. — Brodie,  Lectures  on  Path,  and  Surgery,  1846 ;  Nunn,  Varicose 
veins  and  ulcers,  1852  ;  Chapman,  On  varicose  veins,  1856 ;  Gay,  Varicose  dis.  of 
lower  extrem.,  1868;  A..  Cooper,  On  spermatocele,  Guy's  Hosp.  Kep.,  vol.  iii.; 
Virchow,  Virch.  Arch.,  iii.;  Cohnheim,  do.,  xxxvii. ;  K5ster,  (Phlebectasis  in 
intestine)  Berl.  Klin.  Wochenschr.,  1879  ;  Lesser,  Virch.  Arch.,  ci.  ;  Epstein,  do., 
cviii. ;  Perl,  do.,  liii. 
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SECTION  I— Continued. 

C.— DISEASES  OF  THE  LYMPHATIC  SYSTEM,  SPLEEN, 
AND  BONE-MARROW. 

I.  The  Lymphatic  Vessels. — Inflammations.  Tuberculosis.  Dilatation  from  ob- 
struction of  the  thoracic  duct  and  other  stems.  Tumours,  including 
secondary  cancer.  II.  The  Lymphatic  Glands. — 1.  Their  structure,  and 
general  pathology.  2.  Degenerations.  3.  Pigmentation  leading  to  induration. 
4.  Acute  lymphadenitis,  Bubo.  5.  Chronic  lymphadenitis.  6.  Tuberculosis, 
primary  and  secondary.  7.  Syphilis.  8.  Tumours.  III.  The  Spleen.— 
Its  structure.  Malformations  and  malpositions.  Active  congestion  and 
inflammation  ;  the  acute  splenic  tumour.  Chronic  inflammation  ;  the  chronic 
splenic  tumour.  Passive  hyperemia.  The  embolic  infarction.  Rupture. 
Amyloid  disease  ;  the  sago  spleen ;  the  lardaceous  or  waxy  spleen.  Tuber- 
culosis, syphilis,  and  tumours.    IV.  Some  affections  of  the  bone-marrow. 

I. — THE  LYMPHATIC  VESSELS. 

TTTE  have  already  had  occasion  to  observe  that  the  lymphatic 
T  '  system  is  intimately  related  to  the  blood-vascular  system,  and 
may  be  regarded  as  a  part  of  it.  We  have  also  seen  that  this  system 
has  close  relations  to  the  connective  tissue,  the  spaces  in  the  latter 
being  lymph  spaces  lined  with  endothelium  and  having  direct  connec- 
tions with  the  lymphatic  vessels.  Wherever  there  is  increased 
exudation  from  the  blood-vessels  the  serous  spaces  and  lymphatic 
vessels  are  distended,  and  the  current  through  them  increased.  We 
have  seen  this  to  be  the  case  in  inflammations  and  cedemas. 

Inflammation  of  the  lymphatics.  Lymphangeitis. — The  lympha- 
tics are  liable  to  inflammations  of  a  more  independent  kind,  and 
warranting  the  name  lymphangeitis.  In  order  to  such  inflammation 
there  must  be  in  the  vessels  some  irritant,  and  the  irritant  is  similar 
to  that  which  we  find  in  the  veins  in  suppurative  phlebitis,  namely, 
a  septic  poison.  Just  as  in  the  case  of  veins  there  is  a  thrombosis 
with  suppurative  inflammation  (see  thrombo-phlebitis),  so  here  there 
is  a  coagulum  formed  which  breaks  down  as  suppuration  goes  on. 
In  connection  with  wounds  which  have  been  exposed  to  decomposing 
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juices,  such  as  dissecting  wounds,  we  sometimes  find  the  course  of 
the  lymphatic  vessels  marked  by  red  streaks  in  the  skin.  These 
represent  inflammation  of  the  lymphatics  and  surrounding  connective 
tissue.  The  inflammation  not  infrequently  goes  on  to  suppuration, 
so  that  abscesses  form  at  intervals  in  the  course  of  the  vessels.  Here 
also,  as  in  thrombo-phlebitis,  there  is  a  transportation  of  the  septic 
matter,  but  it  is  caught  by  the  lymphatic  glands,  which  are  liable 
to  suppuration  in  consequence. 

Erysipelas  and  other  phlegmonous  inflammations  of  the  skin  are 
inflammations  primarily  of  the  lymphatics  and  of  the  serous  spaces 
which  form  the  radicles  of  the  lymphatics.  Microbes  are  present  in 
the  lymphatics  of  the  skin  in  such  cases  (see  under  Diseases  of  the 
Skin),  and  they  may  be  so  numerous  as  to  render  the  lymphatic 
vessels  as  well  as  the  serous  spaces  peculiarly  prominent,  when  the 
sections  have  been  stained  by  aniline  dyes.  The  phlegmonous  inflam- 
mation of  the  parotid,  which  occasionally  occurs  in  cases  of  septic 
wounds,  is  probably  of  a  similar  nature.  Epidemic  parotitis  (mumps) 
may  perhaps  be  placed  in  the  same  category. 

We  have  already  seen  that  Elephantiasis  frequently  begins  in 
recurrent  attacks  resembling  erysipelas,  in  which  the  lymphatic  vessels 
are  obviously  engaged.  There  are  often  red  streaks  passing  up  the 
limb,  and  the  lymphatic  glands  may  be  enlarged.  The  irritation 
here  is  slighter  and  more  chronic.  The  inflammation  results  in  great 
thickening  of  the  connective  tissue,  but  there  is  often  along  with  it 
dilatation  of  the  lymphatic  vessels,  so  that,  when  the  part  is  cut 
into,  an  abundant  lymphatic  fluid  exudes  which  sometimes  contains 
fat. 

Tuberculosis  of  the  lymphatics. — This  is  very  frequent  in  connec- 
tion with  tuberculosis  of  various  parts.  Thus  in  tuberculosis  of  the 
intestine  there  are  often  visible  beneath  the  peritoneum  prominent 
white  cords  which  are  tuberculous  lymphatics.  In  the  lungs  also 
tuberculosis  frequently  extends  by  the  lymphatics.  The  Thoracic 
duct  is  sometimes  the  seat  of  a  regular  tubercular  eruption  in  general 
tuberculosis.    ( Orth. ) 

Lymphangiectasis. — The  lymphatic  vessels  are  occasionally  the 
seat  of  dilatation.  Obstruction  of  a  lymphatic  stem  may  produce  a 
varicose  dilatation  of  the  vessels  and  even  their  rupture.  The  most 
striking  examples  of  this  are  afforded  by  Obstruction  of  the  thoracic 
duct.  This  is  not  an  infrequent  accident,  arising  from  various 
causes,  such  as  pressure  of  tumours,  aneurysms,  etc.,  in  its  neigh- 
bourhood, but  more  particularly  from  thrombosis  of  the  jugular  and 
innominate  veins  (see  p.  125).     Experiments  on  animals  show  that 
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ligature  of  the  duct  leads  to  dilatation  and  sometimes  to  rupture  of 
its  dilated  origin  in  the  abdomen,  which  forms  the  Cysticerna  chyli 
(Cooper).  In  man  there  may  be  a  similar  rupture,  either  in  the 
abdomen  or  pleura,  leading  to  accumulation  of  fluid  in  these  cavities. 
As  the  fluid  in  the  thoracic  duct  contains  fat,  the  exudation  in 
the  peritoneum  or  pleura  will  be  chylous  (see  Chylous  Ascites  and 
Hydrothorax).  Rupture  is,  however,  only  an  occasional  result  of 
obstruction  of  the  duct,  as  the  anastomosing  connections  may  com- 
pensate, so  that  there  may  even  be  comparatively  little  dilatation. 
We  have  already  seen  also  that  when  the  lymphatics  are  obstructed 
by  the  ova  of  the  filaria  sanguinis,  Lymph-scrotum,  Chyluria,  etc., 
may  result.  In  the  enlargement  of  the  tongue  called  Macroglossia, 
which  is  frequently  congenital,  there  is  commonly  a  great  dilatation 
of  the  lymphatics,  which  may  form  considerable  cysts.  Sometimes 
the  whole  lesion  has  the  aspects  of  a  tumour-formation. 

Tumours  of  the  lymphatics. — There  is  sometimes  a  localized 
dilatation  of  many  lymphatics  so  as  to  form  a  distinct  Vascular 
tumour.  These  tumours  are  usually  cavernous  in  structure,  and  are 
classed  as  Cavernous  lymphangiomas.  Sometimes  they  develop  actual 
cysts,  which  are  filled  with  serous  fluid,  and  are  designated  Hygromas. 

We  sometimes  find  lymphatic  vessels  dilated  in  the  neighbourhood 
of  a  Cancer,  the  material  in  the  vessels  being  derived  from  the 
tumour.  This  occurs  mostly  in  the  case  of  cancers  which  are  under- 
going softening.  It  is  most  frequently  seen  in  connection  with 
mammary  cancers,  where  the  lymphatics  may  have  the  form  of  firm 
cylinders  as  large  as  quills,  filled  with  white  material.  The  same 
thing  is  seen  in  the  case  of  secondary  cancer  of  the  lung,  where 
there  are  nodules  immediately  under  the  pleura.  The  subpleural 
lymphatics  around  the  nodule  are  found,  as  it  were,  injected  with 
white  material.  So  is  it  sometimes  in  the  capsule  of  the  liver  when 
cancerous  nodules  are  near  the  surface.  These  naked-eye  appearances 
indicate  how  prone  cancerous  material  is  to  pass  into  the  lymphatics, 
and,  under  the  microscope,  at  the  margins  of  a  growing  cancer  the 
lymph-spaces  may  sometimes  be  found  filled  with  the  epithelial  masses. 
(See  under  Cancer,  p.  299.) 

Literature. — Velpeau,  Arch.  gen.  de  med.,  1835,  viii. ;  Breschet,  Le  systeme 
lymphatique,  1836 ;  Carter,  (Lymphangiectasis  and  Elephantiasis)  Trans,  of 
Med.  Soc.  of  Bombay,  1861 ;  Israel,  Ueb.  Lymphangioma,  1885 ;  Bradley, 
Injuries  and  dis.  of  lymphatic  system,  3rd  ed.,  1875 ;  Cooper,  Med.  records  and 
researches,  1798  ;  Bogehold  (Injuries  of  thor.  duct),  Arch.  f.  klin.  Chirurg.,  xxix., 
443 ;  Coats,  Museum  Catal.  of  Western  Infirmary,  pp.  55,  56  (Obstr.  of  thor.  duct 
from  thrombosis  of  jug.  vein,  2  specimens). 
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II. — THE  LYMPHATIC  GLANDS. 

1.  Structure  and  relations. — All  lymphatic  vessels  connect  them- 
selves directly  with  lymphatic  glands,  so  that  no  lymph  passes  into 
the  circulation  without  first  traversing  a  lymphatic  gland.  Dissolved 
substances  introduced  into  the  serous  spaces  of  the  skin  and  sub- 
cutaneous tissue  are  rapidly  carried  up  the  lymphatics  and  through 
the  glands  into  the  general  circulation ;  this  is  matter  of  experience 
every  day  in  the  subcutaneous  injection  of  medicinal  agents.  Granular 
material,  however,  does  not  pass  through  the  glands,  which  form  a 
filter  for  all  solid  particles. 


The  apparatus  by  which  the  Filtration  of  the  lymph  is  effected  is  illustrated  in 
Fig.  271.    When  the  afferent  lymphatic  vessel  coming  from  the  periphery  reaches 


Fig.  271.— Section  of  normal  lymphatic  gland  :  a,  a,  a,  follicular  or  lymphoid  cords  ; 
c,  c,  lymph  sinuses ;  b,  l>,  connective  tissue  trataecula3 ;  d,  d,  blood-vessels,  x  300. 
(Recklinghausen.  ) 


the  gland,  it  first  forms  a  plexus  in  the  capsule.  On  the  other  hand  the  efferent 
vessel  emerges  from  a  plexus  of  vessels  at  the  hilus,  and  this  plexus  is  connected 
with  the  medullary  portion  of  the  gland.  In  passing  from  the  afferent  to  the 
efferent  vessel  the  lymph  traverses  a  series  of  sinuses,  c,  c,  in  figure.  The  sinuses 
are  not  clear  spaces,  but  contain  a  reticulum  or  mesh-work  shown  in  the  figure. 
These  sinuses  surround  the  proper  glandular  tissue,  which  is  in  the  form  of  rounded 
follicles  or  cords  composed  of  densely  packed  lymph  cells  (a,  a,  in  figure).  The 
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lymph  first  passes  from  the  afferent  plexus  into  the  sinuses  of  the  cortex,  then  into 
those  of  the  medullary  part,  where  originate  the  radicles  of  the  efferent  vessel. 
The  sinuses  being  occupied  by  the  fine  reticulum  will  catch  solid  particles  brought 
to  the  gland,  and  such  particles  will  therefore  be  most  readily  caught  at  the  cortical 
portion  of  the  gland. 

In  the  normal  gland,  according  to  the  researches  of  Flemming  and  Baumgarteny 
there  is  an  active  new-formation  proceeding  by  means  of  Karyomitosis.  This  occurs 
at  a  number  of  centres  in  the  cortex  whose  cells  are  less  deeply  stained  than  those 
elsewhere,  but  in  which  the  nuclear  figures  of  karyomitosis  are  visible.  There  is 
also  nuclear  division  in  other  parts,  but  to  a  less  degree.  These  appearances  pro- 
bably indicate  the  new-formation  of  leucocytes. 

In  the  operation  of  Tattooing  granular  pigment,  such  as  Indian  ink 
or  vermilion,  is  introduced  into  the  skin.  Part  of  it  remains  perman- 
ently in  the  corium,  but  part  is  conveyed  up  the  lymphatics  and  is 
caught  by  the  glands,  where  it  remains  fixed. 

So  it  is  in  pathological  conditions.  The  lymphatic  glands  are  very 
frequently  associated  in  morbid  processes  which  are  occurring  in  parts 
in  which  the  vessels  passing  to  the  glands  take  origin.  Dissolved  and 
solid  materials  are  thus  conveyed  to  the  glands,  and  according  to  the 
nature  of  the  material  will  affect  the  gland  or  not.  In  Septic  in- 
flammations, for  example,  the  microbes  are  often  conveyed  to  the 
glands  and  produce  inflammation  there.  As  these  are  in  the  form  of 
fine  particles  they  are  arrested  at  the  gland,  and  the  inflammation 
makes  a  pause  there  only  to  proceed  further,  if  the  organisms  propagate 
onwards.  But  even  in  the  case  of  Simple  inflammations,  although  the 
products  are  for  the  most  part  dissolved,  still  they  are  frequently  of  an 
irritating  nature  and  the  glands  inflame.  We  have  seen  also  that  solid 
material  from  cancers  is  often  conveyed  along  the  lymphatic  vessels 
and  is  caught  at  the  glands. 

In  all  these  cases  the  material  may  produce  no  irritation  in  the  lym- 
phatic vessels  along  which  it  is  being  conveyed.  If  concentrated  or 
very  virulent  it  will  do  so,  but  it  often  does  not,  and  in  that  case 
a  wide  interval  of  healthy  structure  intervenes  between  the  primary 
disease  and  the  lymphatic  gland.  Hence  it  is  common  to  speak  of  the 
disease  being  conveyed  to  the  glands  by  metastasis.  Indeed,  most  of 
the  lesions  to  which  the  glands  are  liable  are  secondary  to  diseases 
elsewhere,  but  there  are  some  which  may  be  regarded  as  idiopathic. 

2.  Degenerative  changes.  These  are  not  of  common  occurrence 
apart  from  tuberculosis  and  syphilis.  Amyloid  disease  is  the  com- 
monest form  of  degeneration,  but  it  does  not  usually  occur  in  a  high 
degree,  and  it  is  only  occasionally  that  the  glands  are  enlarged  and 
rendered  firmer  by  the  degeneration.  For  the  most  part  it  is  detected 
only  when  the  glands  are  examined  microscopically  with  the  aid  of 
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iodine  or  methylviolet.  The  disease  appears  to  attack  mainly  the 
reticulum  of  the  gland,  and  one  can  sometimes  make  out  the  swollen 
hyaline  network,  or  even  detect  how  the  normal  reticulum  swells  out 
into  the  degenerated  network.  In  old  persons  a  Colloid  or  Hyaline 
degeneration  is  met  with.  The  gland  shows  a  series  of  alveoli  filled 
with  colloid  material,  or  the  blood-vessels  and  trabecular  of  the  gland 
become  hyaline,  the  appearance  resembling  that  in  amyloid  disease  but 
without  the  reaction. 

3.  Pigmentation  of  the  glands. — We  have  seen  how  pigment  arti- 
ficially introduced  into  the  lymphatics,  is  arrested  at  the  glands. 
Similarly,  carbonaceous  pigment  is  carried  from  the  lungs  and  deposited 
in  the  bronchial  glands.  Again,  in  cases  of  extravasation  of  blood,  or 
in  inflammations  with  considerable  haemorrhage,  the  red  corpuscles  are 
conveyed,  sometimes  in  large  numbers,  to  the  glands,  which  may  thus 
be  deeply  coloured.  The  dissolved  colouring  matter  in  haemorrhages 
may  also  be  conveyed  and  stain  the  glands. 

The  pigment  is  carried,  in  part  at  least,  by  the  lymphoid  cells,  which 
are  to  be  found  in  the  lymphatic  fluid.    Arrived  at  the  gland,  the 
pigment  is  first  caught  by  the  stellate  cells  which  form  the  reticulum 
in  the  sinuses  of  the  cortex,  and  hence  in  the  earlier  stages  we  may 
I  have  the  sinuses  marked  out  by  the  pigmentation.    If  it  continues 
i  to  arrive  at  the  gland,  it  extends  into  the  follicles  and  finally  the 
:  whole  gland  may  be  deeply  and  uniformly  coloured.    When  present 
i  in  such  quantity  the  pigment,  although  generally  non-irritating,  pro- 
duces a  Chronic  inflammation.    There  is  increase  of  the  connective 
tissue  forming  the  trabecular,  and  a  corresponding  atrophy  of  the 
■,  glandular  follicles.    The  affected  gland  in  addition  to  the  pigmentation 
'  is  enlarged  and  hard,  or  indurated,  and  in  this  state  it  is  probably  to 
a  large  extent  stuffed  up  by  the  pigment  and  rendered  impervious. 
When  this  is  the  case  the  lymph  probably  passes  by  anastomosing 
vessels  to  other  glands,  which  in  their  turn  become  pigmented.  In 
'  this  way  we  may  explain  how  pigmentation  sometimes  extends  from 
i  gland  to  gland.    Thus  in  anthracosis  of  the  lungs  we  may  have  not 
i  only  the  bronchial  glands  but  also  those  of  the  mediastinum,  and  even 
f  those  of  the  abdomen  and  at  the  porta  of  the  liver  pigmented. 

What  has  been  said  in  regard  to  pigment  applies  also  to  other  solid 
:  materials  introduced  similarly  into  the  lymphatics.    In  stone-masons 
the  particles  of  stone  which  get  into  the  parenchyma  of  the  lung  are  in 
!  part  carried  to  the  glands,  where  they  produce  similar  changes  to  those 
mentioned,  but  even  more  readily,  as  from  their  mechanically  irritating 
characters  they  are  more  apt  to  produce  chronic  inflammation. 

4.  Acute  inflammation  of  lymphatic  glands,  Lymphadenitis. — As 
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already  indicated,  this  condition  is  nearly  always  a  result  of  inflamma- 
tion in  the  peripheral  parts  from  which  the  vessels  come  to  the  gland. 
The  enlarged  and  inflamed  gland  is  called  a  Bubo.  The  most  serious 
of  the  acute  inflammations  are  connected  with  infective  processes, 
as  in  the  case  of  dissecting  wounds,  erysipelas,  phlegmonous  inflamma- 
tions, diphtheria,  scarlet  fever,  splenic  fever,  and  the  plague  (Bubonie 
plague). 

The  inflamed  gland  is  enlarged,  its  vessels  hyperaemic,  and  the  tissue 
softened.  The  enlargement  is  due  to  a  great  increase  of  lymphoid  cells 
which  accumulate  largely  in  the  sinuses.  The  stellate  cells  forming 
the  reticulum  of  the  sinus  also  swell,  and  their  nuclei  divide.  The 
sources  of  the  added  lymphoid  cells  are  several.  They  arise  by 
division  of  the  existing  cells  of  the  gland,  as  evidenced  by  the  observa- 
tion of  karyomitosis  in  these  cells ;  but  they  have  their  origin  in  part 
in  the  emigration  of  white  corpuscles  from  the  blood-vessels  in  the 
gland,  and  further,  the  primary  inflammation  of  the  periphery  may 
send  its  contingent.  The  inflammation  may  subside  and  the  gland 
return  to  its  normal  condition ;  the  new-formed  cells  may  possibly 
pass  on  into  the  efferent  vessel  and  be  disposed  of  in  the  circulation. 

Not  infrequently  suppuration  occurs ;  the  tissue  of  the  gland  breaks 
down  and  an  abscess  is  the  result.  We  have  thus  a  Suppurating 
bubo.  The  inflammation  usually  extends  to  the  capsule  and  surround- 
ing tissue,  which  become  involved  in  the  suppuration.  In  this  way 
the  abscess  advances,  and  the  pus  is  finally  discharged  at  the  surface. 
It  is  a  common  occurrence  for  such  abscesses  to  discharge  on  the 
surface  of  the  body,  but  they  may  burst  into  bronchi,  into  serous 
cavities,  etc.  Some  of  these  severe  inflammations  have  a  haemor- 
rhagic  and  even  a  necrotic  or  gangrenous  character. 

5.  Chronic  lymphadenitis. — This  term  is  used  for  a  simple  chronic 
inflammation  in  connection  with  prolonged  irritation  of  the  glands. 
This  is  most  directly  produced  by  the  introduction  of  foreign  sub- 
stances, where  the  solid  particles  are  conveyed  to  the  glands  (see 
above).  It  occurs  also  in  connection  with  prolonged  peripheral 
irritation,  as  where  an  eczema  of  the  leg  or  the  scalp  produces  an 
enlargement  of  the  corresponding  glands.  The  inflammation  here 
results  in  increase  of  the  entire  elements  of  the  gland,  or  else  in  a 
preponderating  increase  of  the  connective-tissue  stroma  with  atrophy 
of  the  proper  gland-tissue  and  induration  of  the  gland. 

6.  Tuberculosis  of  the  lymphatic  glands  {Scrofula). — Tuberculosis 
occurs  in  the  lymphatic  glands  as  elsewhere,  by  the  action  of  the 
tubercle  bacilli.  In  some  cases  there  is  an  obvious  propagation  of 
these  micro-organisms   from  an   existing  local  tuberculosis  at  the 
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periphery,  but  there  are  many  cases  where  the  primary  seat  appears 
to  be  in  the  glands. 

Primary  tuberculosis  occurs  for  the  most  part  in  glands  con- 
nected with  mucous  membranes  having  absorbent  functions.  There 
is  usually  at  the  outset  catarrh  of  the  mucous  membrane,  and 
it  may  be  presumed  that  here  as  elsewhere  the  exuded  products  of 
inflammation  are  conveyed  to  the  glands.  There  is  no  reason  to 
believe  that  these  catarrhs  are,  in  the  proper  sense,  tubercular,  but 
it  appears  that,  along  with  the  inflammatory  products,  bacilli  may 
be  carried  from  the  surface.  In  susceptible  persons  these  will  multiply 
in  the  glands  and  produce  a  tuberculosis.  Such  primary  tuberculosis 
mostly  occurs  in  glands  whose  radicles  are  connected  with  the  mouth, 
pharynx,  fauces,  or  intestine,  and  they  are  mostly  situated  about  the 
jaws  or  neck,  or  in  the  mesentery. 

The  tuberculosis  is  characterized  by  the  formation  of  tubercles, 
which  takes  place  chiefly  in  the  follicular  cords.  This  is  accompanied 
by  inflammatory  swelling  of  the  gland,  just  as  in  other  forms  of 
tuberculosis.  There  is  usually  a  great  new-formation  of  cells  which, 
in  the  more  chronic  cases,  have  mostly  the  character  of  epithelioid 
cells.  The  amount  of  swelling  and  its  acuteness  vary  greatly.  There 
may  be  a  rapid  increase  of  size  with  redness  and  other  appearances 
of  inflammation,  or  it  may  be  a  slow  and  indolent  process. 

Caseous  necrosis  soon  presents  itself;  at  first  in  a  number  of 
centres,  but  as  it  proceeds  involving  more  and  more  of  the  gland, 
while  the  areas  coalesce.  The  extension  of  the  tuberculosis  goes  on 
while  the  older  parts  are  caseous,  till  the  caseous  condition  comes 
to  involve  the  whole  gland.  The  completely  caseous  gland  is  hard, 
and  on  section  is  firm  to  the  touch ;  it  presents  a  homogeneous  yellow 
aspect  which  has  been  aptly  compared  to  that  of  the  cut  surface  of 
a  raw  potato.  Sometimes  at  the  periphery  there  is  a  grey  transparent 
zone  representing  the  still  advancing  tuberculosis,  but  the  caseous 
condition  may  extend  to  the  capsule. 

The  Infective  character  of  the  process  is  manifested  by  its  extension 
to  neighbouring  glands.  There  is  sometimes  in  the  neck  a  complicated 
tuberculosis  of  many  glands,  some  lying  deeply  among  the  muscles 
|  and  fasciae.  It  is  noteworthy,  however,  that  there  is  little  or  no 
tendency  to  extension  through  the  capsule  unless  it  be  first  ruptured 
or  destroyed.  This  accords  with  the  fact  that  tuberculosis  does  not 
usually  penetrate  connective-tissue  membranes. 

The  caseous  condition  being  thus  brought  about,  the  disease,  so 
!  far  as  the  individual  glands  are  concerned,  may  undergo  certain 
further  developments.   The  caseous  matter  may  simply  remain  as  dead 
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material,  surrounded  by  connective  tissue.  It  often  becomes  infiltrated 
with  lime  salts,  and  converted  finally  into  a  putty-like  or  stony  mass. 
This  is  most  liable  to  occur  in  glands  which  are  protected,  such  as 
those  of  the  mediastinum  and  the  mesenteric  or  other  abdominal  glands. 
It  is  quite  common  to  meet  with  pultaceous  or  stony  masses  in  the 
mediastinum  or  in  the  mesentery  of  adults,  these  being  the  obsolete 
remains  of  a  tuberculosis  in  childhood. 

In  the  case  of  superficial  glands,  which  are  exposed  to  mechanical 
irritation,  there  is,  on  the  other  hand,  frequently  a  Softening  asso- 
ciated with  inflammation.  A  process  akin  to  suppuration  ensues,  in 
which  the  matter  is  partly  composed  of  the  debris  of  the  caseous 
matter  and  partly  of  pus.  The  capsule  is  perforated  and  the  matter 
passes  towards  the  surface  where  it  opens  as  a  chronic  abscess.  In 
its  passage  the  matter  produces  a  tuberculosis  of  the  parts  with 
which  it  comes  in  contact,  so  that  Tubercular  sinuses  and  ulcers 
are  frequent  results.  It  is  well  known  that  recovery  from  this 
condition  is  only  insured  by  careful  removal  of  all  infective  material. 

Secondary  tuberculosis  is  very  common  in  glands  connected  with 
organs  which  are  the  seat  of  local  tuberculosis.  This  applies  especially 
to  the  bronchial  glands  which  are  always  secondarily  involved  in 
phthisis  pulmonalis.  The  process  here  is  often  a  very  chronic  one, 
and  the  glands  sometimes  instead  of  caseating  become  indurated  as 
in  chronic  inflammation.  Indeed,  in  fibroid  phthisis  the  two  processes 
of  induration  and  tuberculosis  often  go  together.  Secondary  tuber- 
culosis also  arises  in  the  mesenteric  and  other  abdominal  glands  from 
tubercular  ulcers  of  the  intestine. 

The  glands  are  also  commonly  affected  in  General  tuberculosis. 
They  are  the  seat  of  small  miliary  tubercles,  and  are  generally 
enlarged  and  hypersemic. 

7.  Syphilitic  disease  of  lymphatic  glands. — This,  as  we  have  seen, 
is  a  constant  result  of  the  primary  syphilitic  infection,  and  constitutes 
the  syphilitic  or  Indurated  bubo.  The  glands  slowly  enlarge  by 
new-formation  of  round  cells,  and  they  remain  enlarged  for  months 
or  years.  There  is  little  caseous  necrosis  in  the  glands,  but  the 
connective  tissue  trabecule  are  thickened.  During  the  secondary 
stage  other  glands  may  swell,  such  as  those  of  the  neck. 

G-ummata  sometimes  form  in  the  glands  in  inherited  syphilis  and 
in  the  late  tertiary  stage  of  ordinary  syphilis.  There  is  enlargement 
and,  it  may  be,  extension  to  neighbouring  glands.  The  enlarged 
glands  may  or  may  not  become  caseous.  (See  account  by  Birch- 
Hirschfeld.) 

8.  Tumours  of  lymphatic  glands. — We  have  already  described 
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several  forms  of  new-formation  of  lymphatic  tissue,  some  of  which 
attain  to  the  dignity  of  actual  tumours,  and  are  designated  lymphoma 
or  lymphadenoma.  There  is  the  leukemic  lymphoma,  and  the 
malignant  lymphoma  or  Hodgkin's  disease,  all  of  which  partake  of 
the  character  of  infective  processes. 

Of  the  tumours  proper,  with  the  exception  of  sarcoma,  the  primary 
forms  are  rare  but  the  secondary  frequent.  The  Myxoma  is  some- 
times primary,  and  the  Chondroma  has  been  observed  as  a  secondary 
tumour. 

In  a  case  recorded  by  Virchow  a  chondroma  occurred  in  the  axillary  glands  in 
connection  with  a  primary  tumour  of  the  scapula,  and  in  one  by  Paget  in  the 
glands  of  the  groin  in  a  case  of  chondroma  of  the  testis. 

The  most  important  form  of  sarcoma  of  the  lymphatic  glands  is 
the  Lympho-sarcoma,  which  is  of  comparatively  frequent  occurrence 
in  the  mediastinum,  but  is  also  met  with  in  the  abdomen  (see  p.  287). 

Sarcoma  occurs  primarily  as  a  hard  or  soft  tumour.  The  harder 
form  is  rare  and  is  usually  a  fibro-sarcoma.  The  soft  form  may  be 
a  spindle-celled  tumour,  but  is  more  frequently  round-celled.  It 
may  be  an  alveolar  sarcoma.  The  commoner  round-celled  sarcoma 
resembles  in  structure  the  lymphoma  and  is  liable  to  be  mistaken 
for  it,  but  it  does  not  present  the  tendency  to  spread  from  gland 
to  gland,  and  in  its  metastasis  does  not  affect  the  lymphatic  system 
specially.  The  tumours  usually  grow  rapidly  and  form  large  fungating 
masses.  Secondary  growths  frequently  form  in  the  lungs.  These 
tumours  originate  chiefly  from  the  retroperitoneal,  mediastinal,  and 
bronchial  glands.  In  the  alveolar  form  the  new-formation  occurs 
'  chiefly  in  the  adventitia  of  the  vessels. 

Sarcoma  does  not  readily  occur  secondarily  in  the  lymphatic  glands, 
but  according  to  Butlin  it  does  so  more  frequently  than  is  usually 
stated.  Sarcomas  of  the  foot,  tonsils,  testicles,  and  probably  the 
kidney,  are  liable  to  affect  the  lymphatic  glands  secondarily.  The 
pigmented  and  softer  forms  of  sarcoma  are  more  likely  to  affect  the 
glands. 

Cancer  does  not  occur  as  a  primary  growth  in  the  lymphatic  glands 
but  is  very  frequent  as  a  secondary  affection.  Cancerous  tumours  by 
their  irritation  may  lead  to  a  simple  inflammatory  enlargement,  but, 
even  in  those  which  are  very  slightly  enlarged,  there  are  usually 
cancerous  developments  detectible  by  the  microscope.  (See  further 
under  Cancer,  p.  299.) 

Literature. — Structure — Recklinghausen,  Strieker's  Histology,  Syd.  Soc.  trans., 
/ol.  i. ;  Flemming,  Arch.  f.  mikrosc.  Anat.,  xxiv. ;  Aknold,  Virch.  Arch.,  xciii.  and 
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xcv. ;  Baumgarten,  Zeitschr.  f.  klin.  Med.,  ix.,  1885.  Pigmentation — Virchow, 
Cellular  Path.;  Orth,  (Absorption  of  blood)  Virch.  Arch.,  lxi.,  269;  Muller, 
Lymphdriisen  bei  Kesorp.  von  Blutextrav.,  1879.  Tuberculosis — Schuppel,  Unter- 
such.  tiber  Lymphclriisentuberkulose,  1871;  Koster,  Virch.  Arch.,  xlviii.,  95; 
Friedlander,  Ueber  locale  Tuberculose,  Volkmann's  Vortr.,  No.  49;  Koch,  Etiology 
of  tuberculosis,  in  Micro-parasites  in  .Disease  (Syd.  Soc.  trans.),  1886,  p.  120. 
Syphilis — Lancereaux,  Traite  de  la  Syph.,  pp.  147  and  168 ;  Birch-Hirschfeld, 
Lehrb.  d.  Path.  Anat.,  3rd  ed.,  1887,  ii.,  153.  Tumours — Virchow,  Virch.  Arch., 
v.,  2,  30;  Paget,  Med.  chir.  trans.,  xxxviii. ;  Puttiata,  (Sarcomas)  Virch.  Arch., 
lxix.,  245 ;  Butlin,  Internat.  Encycl.  of  Surg.,  1884,  iv.,  600.  Degenerations — 
Virchow,  (Amyloid  dis.)  Wiirzb.  Verhandl.,  vii.,  222;  Eberth,  Virch.  Arch.,  lxxx. ; 
Cornil  et  Banvier,  (Colloid)  Histol.  path.,  2nd  ed.,  1881,  i.,  650 ;  Wieger,  (Hyaline) 
Virch.  Arch.,  lxxx.,  138. 

III. — THE  SPLEEN. 

1.  Structure  and  formation. — The  exact  nature  of  the  function  of 
this  organ  is  somewhat  obscure.  In  order  to  understand  the  various 
changes  which  it  undergoes,  it  will  be  necessary  to  bear  in  mind 
certain  facts  as  to  its  structure.  The  splenic  artery  as  it  enters  the 
organ  is  accompanied  by  connective  tissue  which  forms  a  continuous 
sheath  around  its  branches.  In  this  sheath  there  develop  at  intervals 
little  masses  of  lymphoid  tissue,  forming  the  Malpighian  bodies,  which 

are  therefore  lymphatic 
follicles  closely  related 
to  the  arterial  branches. 
The  arteries  break  up 
into  capillaries  which 
are  mostly  distributed 
in  the  Malpighian 
bodies,  where  they  form 
a  somewhat  wide- 
meshed  net-work.  At 
the  periphery  of  the 
Malpighian  bodies  the 
capillaries  open  into  the 
splenic  pulp,  which  is, 
as  it  were,  interposed 
between  the  capillaries 
and  the  veins.  This  con- 
sists of  a  honeycomb- 
like structure,  with  fre- 
quent trabecular  and 
meshes  (see  e,  e,  Fig.  272).  The  meshes  contain  blood,  but  also 
large  cells  and  cells  containing  blood-corpuscles  and  pigment.  The 


Fig.  272. — Structure  of  spleen.  A,  capsule;  h,  trabeculse  ; 
c,  c,  Malpighian  bodies ;  in  that  to  the  right  an  artery,  cut 
transversely,  is  seen ;  d,  d,  injected  arteries,  one  running 
into  a  Malpighian  body ;  e,  honeycomb-like  pulp.  (KQlliker.) 
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meshwork  of  the  pulp  develops  occasionally  wider  channels  or 
sinuses  which  are  virtually  the  radicles  of  the  veins.  The  pulp 
has  a  brownish  colour  both  from  its  pigment  and  from  the  fact 
that  it  is  full  of  blood.  The  Malpighian  bodies  being  lymphoid 
in  structure,  and  sparely  vascularized,  are  whitish  in  colour.  It 
is  clear  from  this  structure  that  the  blood  passing  into  the 
spleen  by  the  arteries  will  linger  long  in  the  organ,  and  will 
especially  stagnate  in  the  meshes  of  the  pulp.  It  seems  probable 
that  in  the  pulp  the  red  corpuscles  are  to  some  extent  destroyed. 
The  existence  in  the  normal  spleen  of  cells  containing  red  corpuscles 
and  pigment  seems  to  indicate  this.  The  spleen  also  probably  gives 
origin  to  white  corpuscles,  but  it  shares  this  function  with  the 
lymphatic  glands  and  the  medulla  of  bone,  as  well  as  probably  with 
the  widely  diffused  connective  tissue  throughout  the  body.  Some 
have  supposed  that  the  spleen  also  forms  red  corpuscles,  but  this  is 
exceedingly  doubtful. 

From  these  remarks  it  will  be  understood  that  the  amount  of  blood 
in  the  spleen  will  be  subject  to  great  variations  according  as  the 
pulp  is  more  or  less  distended.  The  pulp  forms  by  far  the  greatest 
part  of  the  substance  of  the  spleen,  and  according  as  its  honeycomb 
structure  is  more  or  less  full  of  blood  will  the  size  of  the  organ  vary. 
Accordingly  there  is  no  organ  in  the  body  which  varies  so  much  in 
size,  even  under  physiological  circumstances.  During  digestion  there 
is  an  active  hyperemia  which  causes  enlargement  of  the  organ. 
Again,  the  capsule  and  trabecular  of  the  spleen  are  abundantly  supplied 
with  smooth-muscle  fibre-cells,  and  its  size  is  influenced  by  the  state 
of  contraction  of  these.  It  is  well  known  that  by  electric  stimu- 
lation the  size  of  the  organ  may  be  diminished,  the  muscular  tissue 
contracting. 

2.  Malformations  and  Malpositions. — One  or  more  Supernumerary 
spleens  are  not  infrequently  met  with,  these  being  in  addition  to  the 
ordinary  normal  organ.  They  are  generally  round  in  shape,  and 
have  the  dark  red  or  blue  colour  and  soft  structure  of  the  splenic 
tissue.  They  are  usually  small  in  size,  varying  from  that  of  a  pea 
to  that  of  a  marble,  but  cases  have  occurred  in  which  they  have 
been  much  larger,  even  to  such  an  extent  as  that  two  spleens  of 
nearly  equal  size  have  been  present.  There  are  sometimes  several 
of  these  present,  and  although  usually  seated  in  the  neighbourhood 
of  the  spleen  they  may  be  away  from  it,  having  even  been  found 
embedded  in  the  head  of  the  pancreas.  The  spleen  is  also  liable 
to  variations  in  shape,  some  of  which  are  congenital.  It  is  liable 
to  folding  of  its  convex  surface  from  compression  by  the  ribs  in 
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tight  lacing.  Alterations  in  position  are  sometimes  congenital  but 
may  occur  during  life,  chiefly  when  the  organ  is  enlarged  and  in- 
creased in  weight.  Again,  there  may  be  an  unusual  length  of  the 
ligaments  so  as  to  allow  of  an  undue  mobility  of  the  organ.  This 
also  may  be  congenital,  or  it  may  be  due  to  a  stretching  of  the 
ligaments  from  increased  weight. 

3.  Active  Hyperemia  and  Acute  Inflammation. — We  have  already 
seen  that  an  active  hyperemia  of  the  spleen  occurs  physiologically 
during  digestion.  It  is  met  with  as  a  distinctly  pathological 
condition,  and  frequently  in  a  very  exaggerated  form,  in  a  variety 
of  acute  febrile  diseases.  The  spleen  seems  a  favourite  seat  of  at 
least  some  of  the  infective  agents  which  have  to  do  with  the  acute 
fevers,  and  this  may  partly  explain  the  special  proclivity  to  congestion 
and  inflammation  in  such  diseases.  Thus  the  bacilli  of  typhoid  fever 
and  the  haematozoa  of  malaria  are  found  in  particular  abundance  in 
the  spleen.  Enlargement  of  the  spleen  in  these  diseases  forming  the 
Acute  splenic  tumour  is  often  seen  in  the  highest  degree  in  typhus 
fever,  but  it  is  found  also  in  other  specific  fevers  as  well  as  in 
pyaemia,  pneumonia,  diphtheria,  erysipelas,  etc.  In  this  group  of 
diseases  the  blood  contains  morbid  products,  and  we  know  that  the 
various  parenchymatous  organs,  the  muscles  and  the  glands,  are 
enlarged  as  a  result  of  cloudy  swelling,  which  is  to  be  traced  to  the 
condition  of  the  blood.  But  the  enlargement  of  the  spleen  is  from 
hyperemia  rather  than  the  result  of  a  direct  tissue  change.  Consist- 
ently with  this  the  enlargement  may  be  very  rapid,  so  much  so  as  to 
cause  rupture  of  the  capsule,  as  observed  in  some  cases  of  typhus 
and  of  intermittent  fever.  It  will  be  inferred  that  in  this  condition 
the  splenic  tissue-  is  exceedingly  soft,  sometimes  almost  diffluent, 
and  the  colour  of  the  cut  surface  is  a  dark  red. 

But  the  condition  does  not  continue  as  a  pure  hyperemia.  The 
cells  forming  the  honeycomb  structure  of  the  pulp  enlarge,  the 
blood-vessels  and  the  meshes  of  the  pulp  come  to  contain  more 
round  cells  or  white  blood-corpuscles.  These  are  all  indications 
of  inflammation,  and  a  further  indication  is  sometimes  afforded  by 
the  deposition  of  fibrine  on  the  capsule  of  the  spleen.  The  Mal- 
pighian  bodies  sometimes  undergo  enlargement  at  this  stage,  but 
not  in  all  the  diseases  named.  It  is  most  frequently  seen  in  the 
later  stages  of  Typhoid  fever  and  Small-pox,  and  when  it  occurs 
the  consistence  of  the  organ  is  firmer  than  is  usual  in  the  acute 
splenic  tumour.  At  this  stage,  in  which  more  definite  inflammatory 
processes  are  superadded  to' the  congestion,  the  spleen  is  even  larger 
than  in  the  earlier  stage,  and  it  may  reach   two,  three,  or  even 
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four  times  the  normal  size.  The  organ  is  unduly  soft,  and  on 
section  may  look  half-diffluent,  although  it  is  firmer  than  in  the 
cases  without  enlargement  of  the  Malpighian  bodies.  The  colour 
of  the  cut  surface  is  considerably  paler  than  in  the  earlier  period, 
being  more  of  a  greyish  or  whitish  red.  On  scraping  the  surface 
a  thick  juice  is  obtained  which  is  not  unlike  pus  mixed  with  blood. 
There  is  not  infrequently  haemorrhage  in  the  substance  of  the  spleen 
so  affected,  and  it  may  take  the  form  of  the  wedge-shaped  hemor- 
rhagic infarction. 

As  a  general  rule  the  acute  splenic  tumour  diminishes  as  the 
primary  disease  passes  off,  and  the  spleen  may  be  left  soft  and 
loose  with  wrinkled  capsule  and  unduly  prominent  trabecule.  Some- 
times there  results  a  chronic  inflammation  with  thickening  of  the 
trabecule,  but  this  hardly  occurs  unless  there  have  been  repeated 
attacks  of  hyperemia  as  in  malarial  fevers,  and  occasionally  in  typhoid 
fever. 

It  is  a  very  rare  circumstance  for  suppuration  to  occur  in  the 
inflamed  spleen,  but  this  has  been  met  with  in  intermittent  fever. 
In  such  cases  the  pus  appears  in  numerous  little  points  which  re- 
present the  Malpighian  follicles,  or  there  is  a  more  diffuse  suppuration 
of  the  spleen.    If  the  abscess  burst  a  fatal  peritonitis  results. 

Among  the  cases  of  suppurative  inflammation  of  the  spleen  should 
be  mentioned  those  in  which  Ulcerative  endocarditis  or  Pyaemia 
is  the  primary  disease.  Minute  emboli  are  carried  to  the  spleen  as 
to  other  structures,  and  being  of  a  septic  nature  they  each  form  the 
focus  of  an  acute  inflammation,  which  has  at  first  a  hemorrhagic 
character,  and  afterwards  passes  on  to  suppuration.  The  spleen 
as  a  whole  is  enlarged  by  active  hyperemia. 

4.  The  Spleen  in  Malaria. — The  parasite  of  malaria  seems  to 
exercise  a  strong  local  influence  on  the  splenic  tissue.  There  is  in 
acute  cases  an  inflammatory  enlargement  such  as  that  described 
above.  But  in  cases  where  the  inflammatory  enlargement  is  re- 
peated frequently,  or  there  is  a  more  continuous  irritation  of  the 
spleen,  we  have  a  chronic  inflammation,  causing  the  Chronic  splenic 
tumour.  This  is  very  common  in  malarious  districts,  and  is  regularly 
met  with  in  persons  who  have  been  repeatedly  subject  to  attacks 
of  ague.  But  in  such  districts  it  occurs  even  in  persons  who  have 
had  no  apparent  ague,  so  that  almost  every  post-mortem  examination 
reveals  a  chronic  Ague  cake. 

The  enlargement  in  ague  may  depend  on  a  General  hypertrophy 
of  the  spleen,  so  that  the  consistence  of  the  organ  is  nearly  normal. 
There  is,  however,  considerable  increase  of  the  lymphoid  element, 
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and  the  trabecule  are  thickened.  There  is  frequently  also  increased 
pigmentation.  In  other  cases  there  is  a  marked  new- formation  of 
connective  tissue  in  the  trabecular,  the  pulp  is  firmer  and  the  blood 
spaces  reduced  in  size.  This  condition  warrants  the  designation 
Fibrous  induration  of  the  spleen.  The  organ  as  a  whole  is  not  so 
much  enlarged  as  in  the  other  form,  but  it  is  much  firmer  and  harder, 
so  that  the  name  ague  cake  is  peculiarly  applicable  here.  In  extreme 
cases  there  is  atrophy  of  the  proper  constituents  of  the  spleen ;  the 
pulp  is  much  encroached  on,  and  the  Malpighian  bodies  are  greatly 
destroyed.  There  is  usually  also  much  deposition  of  pigment  in 
the  splenic  tissue,  especially  in  the  pulp,  but  also  to  a  slight  extent 
in  the  Malpighian  bodies,  and  in  the  thickened  connective  tissue 
around  the  vessels. 

In  both  forms  of  chronic  tumour  of  the  spleen  the  capsule  is 
generally  thickened,  a  condition  being  thus  brought  about  which  is 
sometimes  called  Perisplenitis,  and  is  analogous  to  a  similar  thicken- 
ing of  the  capsule  of  the  liver,  perihepatitis  (see  also  under  Chronic 
Peritonitis).  The  thickening  is  usually  irregular,  and  we  have  tendon- 
like patches  or  loose  shreddy  connective  tissue  on  the  surface.  Some- 
times the  capsule  acquires  adhesions  to  neighbouring  structures,  and 
the  spleen  may  be  so  buried  in  adhesions  as  to  make  it  difficult  to 
dissect  it  out.  It  is  to  be  remembered,  however,  that  such  adhesions 
are  very  frequent  apart  from  any  proper  disease  of  the  spleen  at 
all,  being  due  to  inflammations  in  its  neighbourhood.  There  are, 
indeed,  occasional  patches  of  dense  fibrous  or  cartilaginous  consist- 
ency occupying  the  capsule  of  the  spleen,  whose  origin  it  is  difficult 
to  ascertain,  but  which  are  to  be  regarded  as  the  results  of  local 
peritonitis.  In  most  cases  of  perisplenitis  originating  outside  the 
spleen  the  organ  is  small  and  atrophied. 

Passive  hyperemia. — This  condition  occurs  in  the  spleen  when 
there  is  any  considerable  obstruction  of  the  portal  circulation.  Hence 
we  meet  with  it  in  cirrhosis  of  the  liver,  and  in  cases  of  heart  disease 
which  have  gone  on  to  general  venous  engorgement,  the  hyperaemia 
being,  as  it  were,  transmitted  through  the  liver.  It  may,  indeed, 
occur  in  consequence  of  any  local  or  general  obstruction  whose  effects 
extend  to  the  splenic  vein.  The  organ  is  enlarged,  but  not  to  such 
an  extent  as  in  the  acute  form.  As  in  cases  of  passive  hyperaemia 
generally,  the  connective  tissue  increases  in  firmness,  and  so  the 
whole  organ  is  denser  than  usual,  while  the  tissue  presents  a  deep 
red  colour.  The  thickening  of  the  connective  tissue  affects  the 
trabecular  and  the  sheaths  of  the  blood-vessels. 

The  embolic  infarction. — This  is  probably  of  more  frequent  occur- 
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rence  in  the  spleen  than  in  any  other  organ,  except  the  lungs.  We 
have  already  seen  that  this  artery  and  all  its  branches  are  end- 
arteries,  and  that  obstruction  of  one  of  them  can  hardly  fail  to  cause 
the  infarction.  The  infarction  has  sometimes  the  hemorrhagic  char- 
acter, but  this  is  frequently  absent  except  at  the  marginal  parts, 
and  the  greater  part  is  white  or  yellow.  Even  when  originally  red 
it  soon  loses  much  of  its  colour.  The  infarction  has  more  or  less 
the  form  of  a  wedge  with  its  base  at  the  capsule.  On  handling  the 
organ  it  is  to  be  detected  by  its  density,  forming  a  hard  mass  in  the 
midst  of  the  soft  tissue.  As  a  rule,  there  are  several  infarctions  in 
the  same  spleen,  and  as  the  embolus  in  a  larger  trunk  may  break 
up  and  be  distributed  irregularly  to  various  branches,  we  may  have 
very  complicated  forms  assumed  by  the  infarction.  For  example, 
it  is  not  uncommon  to  find  the  superficial  parts  of  the  spleen  in- 
volved over  a  large  area,  while  the  infarction  does  not  extend  much 
beneath  the  surface,  as  if  the  emboli  had  been  swept  into  a  number 
of  terminal  branches  near  the  surface.  The  spleen,  as  a  whole,  is 
enlarged,  the  obstruction  of  the  arteries  leading  to  a  collateral 
hyperemia  by  dilatation  of  those  remaining  open.  This  enlargement 
may  reach  considerable  dimensions.  On  the  capsular  surface  of  the 
infarction  there  is  often  a  deposition  of  fibrine,  and  it  is  interesting 
to  know  that  during  life  the  existence  of  this  has  been  sometimes 
diagnosed  by  the  discovery  of  friction  sound. 

The  affected  area  of  splenic  tissue  is  in  a  state  of  coagulation- 
necrosis,  and  presents  the  usual  characters  of  that  condition,  chiefly 
the  absence  of  nuclei  when  the  tissue  is  stained.  The  blood- 
colouring  matter  is  dissolved  out,  being  partly  absorbed  and  partly 
deposited  in  solid  granules  throughout  the  infarction  or  at  its  mar- 
ginal parts.  Around  the  infarction  a  chronic  inflammation  occurs 
with  the  usual  new-formation  of  granulation  tissue  which  eats  into 
the  infarction.  As  the  infarction  becomes  absorbed,  the  connective 
tissue  which  develops  from  the  granulation  tissue  draws  together, 
the  final  result  being  a  cicatrix  in  which  some  cheesy  matter  may 
be  found  representing  the  original  infarction.  Daring  these  processes 
the  spleen  gradually  returns  to  its  normal  size  and  condition,  with, 
jit  may  be,  some  thickening  of  the  capsule.  We  frequently  meet 
with  one  or  more  cicatrices  in  the  spleen  from  old  embolism.  These 
[are  always  visible  at  the  surface  and  penetrate  inwards,  but  often 
they  have  little  depth. 

The  condition  of  the  spleen  in  Leukaemia  has  been  already  de- 
scribed, and  it  is  to  be  remembered  that  the  spleen  may  be  enormously 
increased  in  size,  up  to  a  weight  of  40  pounds.    The  condition  in 


520  AFFECTIONS  OF  SPLEEN. 

malignant  lymphoma  or  Hodgkin's  disease  has  also  been  de- 
scribed. 

Rupture  of  the  spleen. — This  occurs  occasionally,  as  we  have 
seen,  in  acute  enlargements  of  the  organ.  But  traumatic  rupture 
is  much  more  frequent.  This  is  effected  by  blows  or  falls  on  the 
abdomen,  and  also  by  injuries  to  the  chest  by  which  the  lower  ribs 
are  forced  against  the  organ.  There  may  be  considerable  rupture 
without  any  external  marks  of  injury.  It  is  important  to  remember 
that  the  enlarged  and  hard  spleen  is  more  liable  to  rupture  than  the 
normal  one,  both  on  account  of  its  more  brittle  character  and  its 
size.  This  is  important  in  a  medico-legal  aspect,  especially  in  malarious 
districts.  The  rupture  may  lead  to  fatal  haemorrhage,  but  as  the 
lesion  is  often  associated  with  other  injuries,  the  bleeding  only  plays 
a  part  in  the  result.  On  the  other  hand,  the  hemorrhage  may  be 
slight,  and  the  wound  may  heal  and  leave  a  cicatrix. 

Degenerative  changes. — Of  these  by  far  the  most  important  is 
Amyloid  disease.  It  has  already  been  mentioned  that  the  spleen  is 
more  frequently  the  seat  of  this  disease  than  any  other  organ,  and 
that  it  appears  in  a  majority  of  cases  to  be  the  organ  primarily 
affected.  There  are  two  forms  of  amyloid  disease,  called  respectively 
the  Sago  form  and  the  Diffuse  form  or  waxy  spleen,  to  which  a 


Fig.  273.— Section  of  a  sago  spleen.  The  enlarged  and  translucent  Malpighian  bodies 
are  seen.    In  the  middle  an  artery  with  amyloid  walls,    x  20. 


third  or  combined  form  may  be  added.  In  the  first  the  Malpighian 
bodies  are  mainly  engaged ;  in  the  second  the  pulp.    We  are  entirely 
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ignorant  of  the  conditions  which  induce  these  differences  in  the 
situation  of  the  degeneration,  but  it  may  be  said  that  the  sago  spleen 
is  peculiarly  that  which  occurs  in  phthisis  pulmonalis,  while  the 
waxy  form  occurs  in  syphilis. 

The  Sago  spleen  is  a  moderately  enlarged  organ.  On  section  we 
observe  on  the  cut  surface,  instead  of  the  normal  small  Malpighian 
bodies,  transparent  glancing  areas  which  have  been  very  aptly  com- 
pared to  grains  of  boiled  sago.  These  are  dotted  over  the  surface 
in  great  profusion.  On  applying  a  solution  of  iodine  the  affected 
areas  stand  out  as  brown  spots,  which  become  of  a  deeper  colour 
on  adding  dilute  sulphuric  acid.  Microscopic  sections  (see  Fig.  273) 
show  transparent  hyaline  areas  of  circular  outline  and  larger  or 
smaller  size,  often  so  large  that  they  are  continuous  with  one  another 
at  their  peripheries.  These  areas  represent  Malpighian  bodies,  whose 
normal  structure,  when  the  disease  is  advanced,  is  entirely  replaced 
by  a  nearly  homogeneous  transparent  material.  In  the  early  stages, 
however,  the  addition  of  methylviolet 
or  iodine  brings  out  a  beautiful  net- 
work in  the  Malpighian  body,  and  it 
is  obvious  that  the  reticulum  is  first 
attacked.  The  lymphoid  corpuscles 
disappear  as  such,  probably  by  atrophy 
on  account  of  the  pressure  of  the  affected 
reticulum.  The  arteries  whose  lym- 
phoid bodies  are  thus  affected  are  often 
themselves  degenerated,  but  they  may 
remain  unaffected.  In  advanced  stages 
of  the  disease  the  enormous  enlarge- 
ment of  the  Malpighian  bodies  causes 
atrophy  of  the  pulp,  and  we  may  have 
the  spleen  presenting  little  beyond 
large  round,  sago-like  bodies.  The 
pulp  may,  however,  itself  take  part  in 
bhe  amyloid  disease  at  the  periphery 
)f  the  Malpighian  bodies. 

The  diffuse  amyloid  spleen  presents 
nuch  greater  enlargement  than  the  sago 
ibrm.  It  is  in  the  highest  degree  hard 
md  heavy,  and  the  edges  rounded.  On  section  the  tissue  seems  homo- 
geneous and  inelastic,  and  of  a  dark  translucent  appearance,  which  has 
>een  compared  to  that  of  wax  or  bacon,  hence  the  names  Waxy  and 
^ardaceous  spleen,  which  are  most  appropriately  applied  to  this  form. 


6>© 

m 

b 

Vffl 


Fig.  274.— Diffuse  amyloid  spleen.  The 
swollen  and  translucent  tissue  of  the 
pulp  (a)  is  shown,  x  400.  (After  Kyber.) 


522 


AFFECTIONS  OF  SPLEEN. 


The  degeneration  affects  the  greater  part  of  the  spleen,  but  there  may 
be  islands  of  normal  pulp  visible.  The  Malpighian  bodies  are  hardly 
visible,  and  the  cut  surface  has  a  smooth  uniform  appearance.  The 
application  of  iodine  produces  a  general  deep  brown  coloration  of  the 
tissue.  Under  the  microscope  (as  shown  in  Fig.  274)  it  is  seen  that 
the  walls  of  the  sinuses  of  the  pulp  are  involved.  On  account  of  the 
greater  density  of  the  amyloid  material  the  honeycomb  structure  of 
the  pulp  is  often  brought  out  in  a  much  more  striking  manner  than  is 
possible  in  a  normal  spleen.  This  is  more  marked  if  the  sections 
be  stained  with  methylviolet,  the  trabecular  assuming  a  bright  colour 
and  becoming  very  manifest.  In  the  later  stages  the  appearance  is 
more  uniform,  but  indications  of  the  trabecular  arrangement  may 
still  be  visible.  By  the  enlargement  of  the  palp  the  Malpighian  bodies 
are  greatly  atrophied,  but  they  may  show  traces  of  amyloid  disease. 
In  this  form  the  walls  of  the  arteries  and  veins  are  usually  amyloid. 

Infective  and  other  tumours  of  the  spleen. — Tuberculosis  does 
not  occur  in  the  spleen  as  a  primary  disease,  but  in  acute  general 
tuberculosis  we  frequently  find  tubercles  in  great  abundance.  The 
tubercles  are  usually  seated  in  the  neighbourhood  of  arteries,  and 
are  often  difficult  to  distinguish  from  the  lymphoid  Malpighian  bodies 
which  have  a  similar  seat.  The  existence  of  the  giant-celled  structure 
and  the  tendency  to  caseous  degeneration  will  assist  in  distinguishing 
them.  Occasionally  we  meet  with  large  caseous  masses  in  the 
spleen,  which  may  reach  the  size  of  walnuts.  These  occur  mostly 
in  children  who  are  the  subjects  of  scrofulous  disease  of  the  lymphatic 
glands  of  the  abdomen.  The  general  distribution  of  the  nodules 
suggests  that  the  infective  material  has  been  carried  by  the  blood, 
and  in  some  cases  there  may  have  been  a  rupture  of  a  softened 
gland  into  the  splenic  artery.  Syphilitic  gummata  are  rare  in 
the  spleen,  and  have  been  met  with  chiefly  in  congenital  cases.  In 
Hodgkin's  disease  the  spleen  is  generally  the  seat  of  new-formations, 
and  there  is  usually  great  enlargement  of  the  organ  (see  p.  243). 

Tumours  proper  are  equally  rare,  but  cases  of  Fibroma,  Sarcoma, 
and  one  case  of  a  pulsating  Cavernous  angioma  have  been  observed. 
Cysts,  which  maybe  single  or  multilocular,  are  of  occasional  occurrence 
in  the  spleen.  Sarcomas  occur  secondarily  in  the  spleen  with  greater 
frequency  than  any  primary  tumour,  and  this  is  especially  true  of 
melanotic  sarcomas,  which  may  possibly  originate  in  the  spleen. 
Secondary  cancers  are  very  rare  even  in  cases  where  a  generaliza- 
tion of  the  cancer  has  occurred  by  the  blood.  Extension  may  occur 
from  the  peritoneal  surface  into  the  spleen  in  cases  where,  from 
cancer  of  the  stomach  or  otherwise,  the  peritoneum  is  engaged. 
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Parasites  are  very  unusual  in  the  spleen.  The  Echinococcus  is 
the  most  common,  forming  hydatid  cysts,  sometimes  of  large  size. 

Literature. — Heinrich,  Die  Krankh.  der  Milz ;  Birch-Hieschfeld,  Arch,  d. 
Heilk.,  xiii.,  389,  and  Lehrb. ;  Feiedreich,  Acute  splenic  tumour,  in  Volkmann's 
Samml.,  Syd.  Soc.  transl.,  2nd  series,  1877;  Moslee,  Ziemssen's  Encycl.,  1878, 
viii. ;  Peennee,  Gewicht  der  Milz  bei  verschied.  Krankh.,  1885;  Heusingee, 
lEntziind.  d.  Milz,  1823;  Moxon,  (Abscess  in  ulcerative  endocarditis)  Path,  trans., 
xix.,  168;  Beight,  (Chronic  splenic  tumour)  Guy's  Hosp.  Bep.,  iii. ;  Kybee, 
(Amyloid  disease)  Virch.  Arch.,  lxxxi.,  1880;  Wichmann,  Ziegler's  Beitrage, 
xiii.,  1893;  Langhans,  (Cavernous  turn.)  Virch.  Arch.,  lxxv.,  373;  Spillmann,  (Cystic 
hasmatoma)  Arch.  d.  Phys.,  1876,  419;  Thoenton,  (Multilocular  Cyst)  Path. 
! trans.,  xxxv. ,  1884;  Weichselbaum,  (Sarcoma)  Virch.  Arch.,  lxxxv.,  562;  Baum- 
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SECTION  II. 
DISEASES  OF  THE  BONES  AND  JOINTS. 

A.  The  bones. — Introduction  as  to  development  and  structure.    I.  Some  Affec- 

tions of  the  Bone  Marrow.  II.  Malformations.  III.  Rickets,  Cretinism, 
etc.,  a  disease  of  growing  bones,  caused  by  general  ill-health.  Character 
of  lesions  at  ossifying  cartilage  and  under  periosteum  ;  Deformities  due  to 
rickets  in  long  bones,  chest,  vertebra;,  pelvis,  head.  Recovery.  IV. 
Retrograde  changes,  (1)  Atrophy;  (2)  Osteomalacia  or  Mollifies  ossium. 
V.  Inflammations — Introductory.  (1)  Acute  and  suppurative  inflamma- 
tions, traumatic  and  infective,  the  latter  important ;  (2)  Chronic  inflam- 
mations, implying  rarefaction  and  new-formation.  VI.  Hypertrophy.  VII. 
Necrosis — Causation.  The  resulting  lesions  mainly  inflammatory  ;  separation 
of  sequestrum  ;  absorption  of  dead  bone.  Phosphorus-necrosis.  VIII.  Re- 
generation. (1)  Healing  of  fractures;  production  and  structure  of  callus. 
(2)  Transplantation  of  bone.  IX.  Specific  new- formations.  (1)  Tubercu- 
losis; causation;  lesions;  including  caries,  cold  abscess,  etc.;  healing  of  lesions. 
(2)  Syphilis  ;  gummata  and  lesions  of  congenital  syphilis.  (3)  Actinomycosis. 
X.  Spinal  curvatures — Introduction.  Forms  of  curvature,  antero-posterior 
or  lateral.    XI.  Tumours,  chiefly  exostoses  and  sarcomas. 

B.  The  Joints.     I.  Dislocations  and  Misplacements,  congenital  forms  ;  talipes ; 

traumatic  and  spontaneous  dislocations.  II.  Anchylosis.  III.  Inflamma- 
tions.   IV.  Syphilis  and  Tuberculosis.    V.  Loose  bodies. 

A. — The  Bones. 

TNTKODUCTION. — Bone  differs  materially  in  structure  and  function! 

from  most  of  the  other  tissues  of  the  body,  and  these  peculiarities 
exercise  an  important  influence  on  the  pathological  changes  to  which 
it  is  liable. 

The  Bone-marrow. — This  structure  seems  to  subserve  a  doubk 
function  in  the  economy.  In  the  period  of  development  and  growth 
it  is  actively  engaged  in  the  building  up  of  the  skeleton,  and  ever;, 
in  the  adult  it  contains  structures  capable  of  renewing  the  process ! 
of  bone-formation.  On  the  other  hand,  it  is  evidently  an  orgar1 
intimately  related  to  the  formation  of  blood,  and  this  function,  thougl 
most  active  during  development  and  growth,  is  retained  in  the  adul 
state. 

The  bone-marrow  as  a  blood-forming  organ. — Much  attention  ha 
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been  paid  of  late  years  to  the  bone-marrow  as  intimately  related 
to  the  formation  and  replenishment  of  the  red  blood-corpuscles.  The 
spaces  left  by  the  solid  and  rigid  structures  of  the  bone  are  not 
entirely  taken  up  by  the  blood-vessels  designed  to  nourish  the  bone, 
but  nature  has  taken  advantage  of  them  to  hold  tissue  having  the 
function  mentioned.  This  matter  has  been  already  referred  to  in  the 
General  Part  of  this  work  (see  pp.  63  and  73). 

The  normal  bone-marrow  is  divisible  into  the  Red  marrow  and 
the  Yellow  or  Fatty  marrow.  The  former  is  found  in  the  foetus  in 
all  the  medullary  spaces,  whether  the  hollows  of  the  shafts  of  the 
long  bones  or  the  cancellated  tissue.  It  yields  to  the  yellow  or 
fatty  marrow  in  the  shafts  of  the  long  bones  and  even  in  the 
cancellated  tissue  of  these,  but  in  the  adult  it  remains  in  most 
of  the  cancellated  tissue  of  the  short  and  flat  bones.  The  reel 
marrow  is  the  active  tissue  in  relation  to  the  blood.  The  yellow 
marrow  is  really  adipose  tissue,  and  this  replaces  the  red  marrow 
as  the  requirements  of  blood-formation  become  limited.  In  the  foetus 
and  growing  child  there  is  a  great  new-formation  of  blood,  both  to 
replenish  the  loss  incident  to  the  processes  of  life  and  to  increase  the 
actual  amount  in  proportion  to  the  increase  in  the  tissues.  As  the 
adult  period  is  reached  the  latter  requirement  diminishes  and  dis- 
appears, and  yellow  marrow  takes,  to  some  extent,  the  place  of  the 
red  marrow.  Even  the  yellow  marrow  is  not  a  pure  adipose  tissue, 
as  the  constituents  of  the  red  marrow  are  still  distinguishable  in  it, 
although  sparsely  present,  and  there  may  be,  under  pathological 
conditions,  a  partial  or  complete  return  to  the  condition  of  the  red 
marrow. 

The  red  marrow  is  a  highly  cellular  and  highly  vascular  substance. 

The  cells  are  of  various  sorts.  There  are  larger  and  smaller  colourless 
i  cells,  some  of  which  contain  eosinophil  granules,  and  there  are  cells 

of  a  yellowish  colour  like  the  red  blood-corpuscles,  but  which,  unlike 
!  these,  are  nucleated.    The  nucleated  red  cells  (or  erythroblasts)  are 

regarded  as  concerned  in  the  formation  of  the  red  blood-corpuscles, 

and  they  present  the  appearances  of  nuclear  division  by  karyokinesis. 
;,  The  capillaries  and  veins  of  the  red  marrow  are  wide  and  thin-walled ; 

some  authors  have  stated  that  they  do  not  possess  proper  walls,  but 
|are  bounded  directly  by  the  marrow  cells. 

!    Formation  and  growth  of  bone.— During  the  period  of  growth 
[bone  is  in  a  condition  of  great  activity,  the  growth  of  bone  being 
effected  by  processes  which  are,  in  some  respects,  special  and  peculiar. 
The  proper  bony  tissue  (tela  ossea)  is  composed  of  a  rigid  calcified 
matrix,  enclosing  the  living  cells  or  bone-corpuscles  in  lacunar  This 
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tissue  once  formed  is,  like  the  mason-work  of  a  house,  fixed  in 
form  and  insusceptible  of  expansion  or  plastic  alteration  in  shape. 
It  can  only  be  altered  by  being  taken  down  and  rebuilt.  But  in 
the  growing  bones  there  is  necessarily  a  very  active  process  of  re- 
construction going  on.  The  bone  as  a  whole  is  expanding,  and  this 
is  effected,  not  merely  by  apposition  of  new  bony  tissue  to  the  old, 
but  it  involves  a  process  of  destruction  and  reconstruction. 

The  Internal  architecture  of  the  bones  is  of  great  interest  both 
from  a  physiological  and  pathological  point  of  view.  From  the 
observations  of  Meyer,  which  have  been  amplified  and  expanded  by 
AVolff,  it  appears  that  the*  bones  are  carefully  constructed  with  a 
view  to  the  function  of  resisting  the  mechanical  forces  of  pressure 
and  traction.  Pressure  is  mainty  exercised  at  the  articular  ends  of 
the  bones,  and  the  cancellated  tissue  existing  there  consists  of  series 
of  trabeculae  which  arch  in  various  directions  so  as  to  carry  the 
weight.  These  trabecule  mostly  end  in  the  dense  bone  of  the  shaft 
or  otherwise,  which  thus  becomes  the  ultimate  repository  of  the 
pressure.  This  elaborate  architecture  is  preserved  during  the  process 
of  growth,  and  this  can  only  be  effected  by  gradual  destruction  and 
reconstruction. 

It  is  a  further  point  of  much  interest  that  when  the  normal  archi- 
tecture of  the  bones  is  interfered  with  by  imperfectly  adjusted  frac- 
tures, by  bendings,  or  by 
dislocations  of  the  bones, 
there  is  a  reconstruction  so 
as  to  meet  the  new  lines  of 
pressure  which  are  thus 
brought  about.  Thus  even 
in  the  adult  there  is  a 
moulding  of  the  affected 
bones  according  to  a  de- 
finite plan.  Where,  in  the 
new  form  of  the  bone,  the 
Fig.T275.-Head  of  right  tibia  from  genu  valgum.       pressure  is  increased  in  any 

There  is  great  thickening  of  the  bony  trabecule  on  particular    direction  neW- 

the  outer  side.    (Wolff.)  r  ' 

formation  of  bone  occurs 
along  the  lines  of  increased  pressure,  whilst  absorption  occurs  in  places 
where  the  pressure  is  diminished.  Thus  in  the  annexed  illustration 
from  a  case  of  genu  valgum  or  knock-knees  (Fig.  275),  it  is  seen  how 
the  head  of  the  ris;ht  tibia  shows  a  marked  increase  in  the  trabecule 
under  the  outer  condyle,  along  with  a  corresponding  thickening  of 
the  shaft,  due  to  the  fact  that,  in  the  faulty  position  of  the  leg  the 
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pressure  was  much  greater  on  the  outer  than  the  inner  condyle.  The 
extent  to  which  reconstruction  is  necessary  is  emphasized  when  one 
remembers  that  the  shaft  of  a  young  child's  femur  is  no  greater  in 
diameter  than  the  medullary  cavity  of  that  of  an  adult.  In  fact,  in 
the  course  of  growth  the  whole  bone  is,  in 
many  cases,  taken  down  and  reconstructed 
several  times  over. 

The  growth  of  bone  is  effected  by  the 
process  of  Ossification.  In  a  longitudinal 
section  of  a  growing  long  bone,  such  as 
that  illustrated  in  Fig.  276,  the  process  of 
ossification  from  cartilage  may  be  seen. 

At  the  upper  part  of  the  figure  (a)  there 
is  the  normal  appearance  of  hyaline  car- 
tilage. As  the  ossifying  margin  is  ap- 
proached the  cells  multiply,  and  at  first 
they  form  irregular  groups,  as  at  b. 
Nearer  the  margin  the  multiplying  cells 
become  arranged  in  rows  parallel  to  the 
long  axis  of  the  bone,  the  elongated  groups 
being  separated  by  narrower  elongated 
pieces  of  hyaline  matrix.  The  beginning 
and  the  end  of  this  zone  of  multiplying 
cartilage  cells  are  quite  abrupt,  and  form 
nearly  straight  transverse  lines.  This  zone 
appears  to  the  naked  eye  as  a  narrow 
bluish  band.  Next  occurs  an  infiltration 
of  the  hyaline  matrix  between  the  groups 
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with  lime  salts,  the  matrix  becoming 
opaque  and  granular  (c,  c  in  figure).  This 
forms  a  yellow  zone  as  seen  with  the 
naked  eye.  This  zone  is  also  suddenly 
interrupted,  and  at  a  definite  level  the 
groups  of  cartilage  cells  give  place  to 
cavities  filled  with  Fcetal  marrow,  con- 
sisting of  round  cells  and  blood-vessels  (d). 
It  is  from  these  cells  that  the  formation 
of  true  bone  occurs.  The  cells  contained 
in  the  spaces  have  the  power  of  producing 
bone,  and  are  hence  called  Osteoblasts. 
These  fix  themselves  to  the  walls  of  the  cavities,  which,  as  we 
have  seen,  are  composed  of  calcified  cartilaginous  matrix,  and  each 


Fig.  276.— Longitudinal  section  of 
bone  ossifying  from  cartilage ;  a, 
commencement  of  proliferation  of 
cartilage  cells  ;  b,  cells  arranged  in 
longitudinal  groups  ;  c,  matrix  of 
cartilage  impregnated  with  lime, 
this  calcined  matrix  is  continued 
beyond  the  ossifying  border  (c  on 
right  side) ;  d,  medullary  spaces 
containing  round  cells  replacing 
cartilage  cells ;  e,  e,  formation  of 
bone  at  borders  of  calcified  matrix, 
the  osteoblasts  each  forming  a  piece 
of  bone  and  remaining  as  the  bone 
corpuscle.     x  90.     (After  Thier- 

P  ELDER.) 
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cell  forms  around  itself  a  certain  portion  of  bone-tissue,  apparently 
by  a  process  of  secretion.  The  tela  ossea  thus  formed  encloses  the 
cell  which  has  formed  it,  and  the  latter  remains  as  a  bone  corpuscle. 
In  such  a  section  as  that  under  review  one  constantly  sees  at  the 
borders  of  the  cavities  layers  of  osteoblasts  with  oval  areas  of  new- 
formed  osseous  tissue  around  them,  e  in  figure.  Thus  the  calcified 
cartilaginous  matrix  is  encroached  upon,  and  the  bone  is  formed. 

Besides  this  ossification  from  cartilage,  we  have  what  is  commonly 
but  not  quite  correctly  called  Ossification  from  membrane.  In  all 
such  cases  we  have  cells  similar  to  those  in  the  cavities  mentioned 
above,  which  have  the  characters  of  osteoblasts,  and  form  bone  in  a 
similar  fashion.  These  osteoblasts  form  a  layer  under  the  periosteum, 
they  exist  also  in  the  spongy  parts  of  bones,  and  at  the  ossifying 
margins  of  flat  bones. 

The  Absorption  of  bone  is  effected  by  active  cells  which  are  dis- 
tinguished by  the  name  of  Osteoclasts.  The  giant-cells  or  myelo- 
plaques  which  exist  in  foetal  bone-marrow  have  this  function. 
Where  absorption  is  going  on  these  cells  are  found  attached  to  the 
bone,  and  lying  in  gaps  evidently  formed  by  them  and  called 
Howship's  lacunae. 

When  the  period  of  growth  is  finished,  the  osteoblasts  and  the  osteo- 
clasts have  completed  their  work,  but  the  bone  remains  penetrated  in 
every  part  by  soft  tissue.  This  soft  tissue,  as  we  have  seen,  subserves 
blood-formation,  but  it  also  contains  the  remains  of  the  structures 
which  were  concerned  in  the  building  up  of  the  bone.  We  may 
accept  the  view  of  Ranvier,  according  to  which  the  bone  in  the  adult 
state  is  enveloped  in,  and  penetrated  by  the  remaining  potential 
osteoblasts.  This  tissue  constitutes  the  bone-marrow  and  the  internal 
layer  of  the  periosteum  (called  Periosteal  marrow  by  Ranvier),  while 
between  these  two  there  is  a  connecting  network  traversing  the 
Haversian  canals. 

From  these  observations  it  appears  that  in  childhood  the  bones  are 
in  an  extraordinary  state  of  activity,  a  process  of  enlargement  and 
reconstruction  continually  going  on.  At  the  same  time,  the  function 
of  the  bones  as  substantial  props  is  in  full  activity.  It  is  not  re- 
markable, therefore,  that  in  childhood  the  bones  are  peculiarly  liable 
to  disease,  which  may  take  origin  from  without  or  be  due  to  inherent 
weakness. 

In  the  diseases  both  of  children  and  adults  again,  there  may  be 
a  partial  return  to  the  conditions  of  the  period  of  growth,  and 
osteoblasts  and  osteoclasts  resume  their  operations,  the  processes 
being  now  pathological. 
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Another  characteristic  of  pathological  processes  in  bone  is  the  occur- 
rence, formerly  alluded  to,  of  Metaplasia.  Bone,  cartilage,  and  con- 
nective tissue  are  fundamentally  the  same  tissue,  and  apparently  the 
same  cells  may  be,  according  to  circumstances,  osteoblasts,  fibroblasts, 
or  chondroblasts.    This  will  be  illustrated  under  Fractures. 

Literature.— Quain's  Anat.,  10th  ed.,  vol.  i.,p.  268,  1891;  Meyer,  Die  Architectur 
der  Spongiosa,  Keichert  and  Du  Bois-Reymond's  Arch.,  1867,  and  Jubilaumsschrift 
fur  von  Bischoft',  1882  ;  Wolff  (who  scarcely  does  justice  to  Meyer),  Centralbl.  f. 
die  med.  Wissensch.,  1869  ;  Virch.  Arch.  L,  1870,  and  Das  Gesetz  der  Trans- 
formation der  Knochen,  1892 ;  Ranvier,  Le  developpement  du  tissu  osseux,  1865. 

I.— SOME  AFFECTIONS  OF  THE  BONE-MARROW. 

The  bone-marrow  as  a  blood-forming  structure  is  intimately  con- 
cerned in  diseases  in  which  the  constitution  of  the  blood  is  altered. 
Most  of  these  conditions  have  been  already  considered  under  Pernicious 
anaemia  and  Leukaemia.  They  consist  chiefly  in  a  transformation  of 
the  yellow  marrow  in  the  situations  where  it  occurs  either  into  a 
red  marrow  such  as  occupies  the  medullary  spaces  in  the  foetus,  or 
into  a  white  or  yellow  lymphoid  marrow  whose  structure  resembles 
that  of  lymphatic  glands  (see  under  Leukaemia).  With  this  trans- 
formation there  is  sometimes  atrophy  of  the  bony  lamellae  so  as  to 
give  more  space  for  the  accommodation  of  the  altered  marrow. 

Besides  these  lesions,  the  bone-marrow  is  liable  to  lesions  in  acute 
infective  diseases,  these  lesions  somewhat  resembling  those  of  the 
spleen.  There  is  hyperaemia  and  there  are  sometimes  haemorrhages 
which  may  take  the  form  of  infarctions.  According  to  G-olgi,  the 
bone-marrow  in  haemorrhagic  small-pox  shows  everywhere  diffuse 
haemorrhages. 

In  old  age  the  adipose  tissue  of  the  marrow  is  liable  to  undergo 
diminution,  and  its  place  is  taken  by  a  Gelatinous  substance  which 
is  sparely  cellular. 

Literature — Neumann,  Arch  d.  Heilk.,  x.  and  xi.,  Centralb.  f.  d.  med.  Wissensch., 
1882,  p.  321 ;  Golgi,  Riv.  clin.  di  Bologna,  1873 ;  Ponfick,  Virch.  Arch.,  l.vi.,  lx. ; 
Geelmuyden  (Historical  account  and  literature  as  well  as  independent  observa- 
tions), Virch.  Arch.,  cv.,  p.  136. 

II. -MALFORMATIONS  OF  BONE. 

The  more  important  malformations  of  bone  are  connected  with 
general  malformations,  and  have  been  considered  in  an  earlier  part. 
We  have  defects  of  the  skull  in  anencephalus,  and  of  the  vertebrae 
in  spina  bifida. 

2  L 
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Besides  these,  we  have  congenital  reduplication  of  bones,  such  as  of 
the  vertebra?,  the  ribs,  the  fingers,  and  toes.  Supernumerary  vertebrae 
are  met  with  in  any  of  the  regions  of  the  column.  Supernumerary 
ribs  may  be  cervical  or  lumbar.  In  Supernumerary  fingers  and 
toes  the  bones  may  be  absent,  or  may  be  represented  only  by 
cartilage. 

Certain  Malformations  of  the  skull  have  been  ascribed  to  premature 
coalescence  of  the  bones  at  the  base,  or  of  the  sutures  of  the  cranium, 
a  condition  designated  Synostosis.  The  basilar  parts  of  the  occipital 
and  sphenoid  bones  are  formed  from  cartilage.  The  basilar  part  of  the 
sphenoid  is  originally  in  two  parts,  presphenoid  and  postsphenoid, 
which  unite  before  birth.  The  sphenoid  and  occipital  bones  are 
separated  by  cartilage  up  till  the  twentieth  year,  and  as  this  cartilage 
has  the  characters  of  ossifying  cartilage,  on  it  the  growth  in  length 
of  the  base  of  the  skull  depends.  A  premature  synostosis  of  these 
two  bones  will  check  growth  and  lead  to  a  Shortening  of  the  base 
of  the  skull.  To  this  is  ascribed  the  existence  of  abnormal  re- 
traction of  the  nose. 

The  bones  of  the  calvarium  grow  at  their  margins,  or,  in  other 
words,  at  the  sutures.  A  premature  coalescence  of  the  bones  or 
Closure  of  the  sutures  will  stop  this  growth.  According  to  the  sutures 
affected  the  result  varies.  If  all  the  sutures  close  there  will  be  a 
general  smallness  of  the  head,  a  Microcephalus.  If  there  be  a  pre- 
mature synostosis  of  the  coronal  and  lambdoidal  sutures,  the  growth 
in  length  is  checked,  and,  as  a  compensatory  growth  in  breadth  occurs, 
the  head  is  abnormally  wide  and  flat  on  the  vertex,  conditions  desig- 
nated by  the  terms  Brachycephalus  and  Platycephalus.  When  the 
sagittal  suture  is  affected,  growth  in  breadth  is  interfered  with  and 
an  abnormally  long  cranium  is  produced,  a  Scaphocephalus. 

There  seems  no  doubt  that  microcephalus  arising  in  this  way  may 
lead  to  arrest  of  the  growth  of  the  brain,  some  cases  of  idiocy  being 
thus  explained.  On  the  other  hand,  smallness  of  the  brain  will  be 
associated  with  smallness  of  the  skull,  but  this  will  not  be  associated 
with  premature  synostosis. 

A  similar  Synostosis  of  the  sacro-iliac  articulation  may  lead  to 
permanent  malformation  of  the  pelvis.  If  the  synostosis  occur  on  one 
side  the  sacrum  is  defective  in  its  lateral  mass  and  the  ilium  is  also 
imperfectly  expanded.  These  parts  being  shortened  the  ilium  has  a 
straighter  course  from  sacrum  to  symphysis,  and  the  pubic  bone  of  the 
affected  side  joins  the  opposite  one  at  an  angle.  The  pelvis  is  thus 
narrowed  on  the  one  side.  If  the  synostosis  is  on  both  sides  then 
l)oth  iliac  bones  have  a  shorter  and  straighter  course,  and  the  pelvis 
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has  a  more  quadrilateral  form  than  normal,  and  is  narrowed  trans- 
versely. 

Literature. — Virchow,  Ges.  Abhandl.  (with  classification  of  forms  of  skulls),  185(5, 
p.  901 ;  Entwickel.  des  Schadelgrundes,  1857;  Wiirz burger  Verhandl.,  vii.,  1857; 
Virch.  Arch.,  v.,  xiii.,  and  xciv.;  Litzmann  (synostosis  in  pelvis),  Arch.  f.  Gyn., 
xxv.,  1884. 

III.  — DISEASES  OF  THE  DEVELOPING  BONES,  RICKETS  OR 
RACHITIS,  CRETINISM. 

Causation  of  rickets.— This  disease  occurs  in  children  during  the 
earlier  periods  of  growth,  and  so  far  as  the  bones  are  concerned  it 
is  a  disease  of  development,  the  normal  process  of  ossification  being 
interfered  with.  Cases  have  been  observed  of  congenital  rickets,  but 
these  are  rare,  and  in  the  majority  of  cases  it  begins  in  the  first  or 
second  year,  its  commencement  being  very  rarely  delayed  beyond  the 
fourth  or  fifth  year.  In  a  large  proportion  of  cases  its  onset  seems 
to  be  in  the  latter  half  of  the  first  year  or  the  first  half  of  the  second. 

An  endeavour  has  been  made  to  make  out  that  rickets  is  merely  a  manifestation 
of  hereditary  syphilis,  but  this  view  has  not  received  acceptance  in  this  country. 
It  has  been  pointed  out  again  and  again  that  rickets  is  very  common  in  cities 
where  syphilis  is  uncommon.  In  the  city  of  Glasgow,  for  instance,  rickets  is 
very  common  among  the  poorer  classes,  but  syphilis  is  relatively  uncommon.  It 
is  so  also  in  Aberdeen,  Edinburgh,  Belfast,  and  elsewhere.  We  shall  see  afterwards 
that  syphilis  produces  changes  in  the  bones  in  some  respects  analogous  to  rickets, 
and  atrophy  of  the  cranial  bones,  sometimes  designated  Craniotabes,  although 
formerly  regarded  as  rachitic,  is  probably  in  most  cases  syphilitic ;  the  two 
diseases,  however,  are  essentially  distinct. 

Rickets  occurs  amongst  children  who  are  injudiciously  fed  and  badly 
housed,  and  the  disease  in  the  bones  is  to  be  regarded  as  part  of  a 
general  loss  of  health.  The  body  is  weakened,  and,  besides  the  bones, 
there  are  other  parts  that  suffer.  According  to  Macewen,  it  super- 
venes in  a  considerable  number  of  cases  on  an  attack  of  one  of  the 
acute  fevers,  as  measles  or  scarlet  fever,  such  an  attack  leaving  the 
child  in  an  ill-nourished  condition.  There  are  usually  symptoms  of 
indigestion  and  intestinal  catarrh,  sometimes  with  fever,  and  in  a 
certain  proportion  of  cases  there  is  enlargement  of  the  spleen  and 
sometimes  also  of  the  liver  and  lymphatic  glands.  The  bones,  beinc; 
the  most  actively  growing  parts  at  this  period  of  life,  are,  however, 
specially  affected. 

Rickets,  or  a  condition  analogous  to  it,  has  been  produced  artificially  in  growing 
animals  by  feeding  them  with  small  doses  of  phosphorus,  or  by  giving  them  lactic 
acid,  by  the  mouth  or  subcutaneously.    In  both  cases  the  diet  must  be  deficient  in 
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lime  salts.  In  the  latter  case  it  has  been  supposed  that  the  lactic  acid,  being  a 
ready  solvent  of  lime,  prevents  its  deposition  in  the  bones,  and  it  has  been 
inferred  that  in  the  human  subject  gastric  derangement  causes  the  formation  of 
an  excess  of  lactic  acid,  which  is  the  cause  of  the  disease  in  the  bones.  There  is, 
however,  the  objection  to  this  view,  that  rickets  is  not  always  accompanied  by 
any  considerable  gastric  disorder,  and  such  a  view  does  not  explain  its  occasional 
occurrence  in  the  foetus.  Besides,  the  disease  is  clearly  an  error  in  development, 
and  were  it  due  merely  to  absence  of  the  lime  salts,  we  should  expect  the  bony 
matrix  to  be  formed  without  the  lime  salts.  The  very  opposite  frequently  occurs : 
we  have  often  an  impregnation  of  the  cartilage  with  lime  salts,  a  calcification  of 
the  cartilage  (see  Fig.  277,  b,  b),  while  true  ossification  lingers.  Kickets  can,  in 
most  cases,  be  cured  by  supplying  sufficient  food  and  proper  lodging,  and  this 
points  to  its  origin  in  the  opposite  of  these. 

Character  of  lesions. — The  lesions  in  rickets  may  be  summed  up  in 
the  statement  that  the  preparatory  stages  of  ossification  are  exagger- 
ated, while  the  completion  of  the  process  is  delayed. 

At  the  ossifying  cartilaginous  border  the  conditions  may  be  studied 
by  examining  Fig.  277,  and  comparing  it  with  Fig.  275,  which  repre- 
sents normal  ossification,  both  figures  possessing  a  similar  degree  ol 
magnification.  The  most  pronounced  difference  from  the  normal  is  the 
enormous  exaggeration  of  the  zone  of  multiplication  of  the  cartilage 
cells  (a,  a).  The  groups  of  cells  are  in  much  larger  numbers  and 
occupy  a  much  greater  space  ;  at  the  same  time  they  have  not  always 
the  normal  arrangement  in  rows  parallel  to  the  long  axis  of  the  bone. 
The  cells  of  the  groups  also  vary  considerably  in  size.  In  the  normal 
bone  the  cells  in  the  deepest  part  of  this  zone  are  large,  but  in  rickets, 
while  some  are  large,  as  at  b,  there  are  others  even  at  the  same  level, 
or  deeper,  of  small  size. 

Next,  in  regard  to  the  zone  in  which  the  cartilaginous  matrix 
becomes  calcified,  this  also  is  represented  here  in  the  most  irregular 
fashion.  Calcification  of  the  matrix  occurs,  and  calcification  of  the 
cartilage  cells  (as  at  b  on  left),  but  it  is  very  irregular.  There  will  be 
calcification  of  the  cartilage  high  up,  as  at  b,  while  there  are  numerous 
groups  lower  than  that  uncalcified.  In  many  cases  also,  whether 
calcified  or  not,  the  cartilage  cells  lose  to  a  considerable  extent  their 
grouping  into  rows  (as  below  b  on  left). 

Then  as  to  the  formation  of  medullary  cavities  and  development  of 
bone,  the  figure  shows  how  irregularly  this  occurs.  Blood-vessels 
appear  with  considerable  frequency  in  the  midst  of  the  cartilage,  and 
towards  the  deeper  parts  there  are  medullary  spaces  with  osteoblasts 
in  them.  These  may  even  be  seen  forming  new  bone,  as  at  d.  But 
the  medullary  cavities  do  not  occur  with  any  greater  regularity  than 
the  other  stages  in  the  process,  and  it  is  not  always  apparent  that  they 
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cartSkirceTl^TlS^i11^  f^Cti°n  °f  ossif£nS  naargin  of  a  long  bone  in  rickets,  a,  proliferating 
cal  iSion  of  fe«  f -i  tl?6Se  V6ry  greatly  exte^ed  and  the  arrangement  quite  irregular  ;  6,  6, 
mSu£n?«.«-£f  cartilajrmous  matrix  at  different  levels,  but  not  followed  by  formation  of 
Si    h  formation  of  medullary  cavities  (e,  e)  and  of  bone  is  occurring  quite 

formW  hone  f  hemg  ,hlgher  at  right  <c>  than  at  the  left  (<*  At  rf  the  osteoblasts  are 
and K  lf T"  7 -?-US  pla°.?S'  esPe?ially  at  d,  pieces  of  cartilage  are  seen  in  the  midst  of  bone, 
<raa  an  apparent  transition  of  the  one  into  the  other  is  seen,    x  90.  (Thierfelder.) 
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have  to  do  with  the  formation  of  the  bone.  It  will  be  seen  in  the 
figure  that  at  a  certain  somewhat  indefinite  level,  which  is  lower  at  the 
left  side  than  at  the  right,  bony  trabecule  appear  (c,  c).  But  it  will 
also  be  seen  that  the  bone  is  directly  continuous  with  cartilage,  the 
difference  in  the  two  being  indicated  chiefly  by  the  difference  in  the 
cells.  It  appears  also  that  in  the  cartilage,  which  is  thus  immediately 
continuous  with  the  bone,  the  individual  cartilage  cells  are  separated 
by  a  matrix  just  as  the  bone  corpuscles  are  (see  figure).  In  fact  there 
is  here  a  conversion  of  cartilage  into  bone,  and  there  are  even  appear- 
ances suggestive  of  the  gradual  transformation  of  cartilage  cells  into 
bone  corpuscles.  It  will  be  seen  in  various  places,  but  especially  at  d, 
that  pieces  of  cartilage  survive  in  the  midst  of  the  new-formed  bone. 
Such  cartilage  may  be  calcified  or  not. 

To  the  naked  eye  the  changes  described  above  are  indicated  in  a 
longitudinal  section  of  a  rickety  long  bone.  The  blue  zone,  which 
forms  a  straight  narrow  transverse  line  in  the  normal  bone,  is  here 
greatly  increased  and  its  boundaries  are  irregular.  The  yellow  zone 
of  calcification  of  the  cartilage  is  still  more  irregular,  and  yellow  pieces 
crop  up  in  the  midst  of  the  blue  zone.  Blood-vessels  appear  also  at  differ- 
ent levels.  In  the  area  of  the  blue  zone  the  cartilage  is  greatly  swollen, 
as  the  enormously  multiplying  cells  take  more  space  than  normal. 

Under  the  periosteum  the  normal  thin  layer  of  osteoblasts  is 
increased  till  it  forms  a  layer  of  considerable  thickness.  Bone  is 
formed  to  a  very  limited  extent  and  very  imperfectly,  so  that  instead 
of  a  proper  dense  bone,  such  as  should  be  formed  on  the  surface  of 
the  shaft,  there  is  a  loose  irregular  spongy  bone.  But  even  the 
trabecule  of  this  spongy  bone  are  not  properly  formed.  Immediately 
under  the  thick  subperiosteal  layer  the  new-formed  bone  does  not  show 
in  its  matrix  the  homogeneous  character  of  the  matrix  of  bone ;  it  is 
granular,  and  the  lime  is  obviously  deposited  without  combining  with 
the  matrix  in  the  normal  manner.  It  is  a  calcification  rather  than 
an  ossification,  and  the  trabecular  are  rather  osteoid  than  osseous.  On 
passing  inwards  the  tissue  becomes, more  strictly  osseous  however, 
although  hardly  acquiring  the  regular  arrangement  of  the  dense  bone 
of  the  shaft. 

Corresponding  with  the  structure  described  are  the  naked-eye 
characters.  The  subperiosteal  layer  is  seen  in  the  form  of  a  red 
vascular  layer  of  some  thickness.  This  is  so  obvious  in  some  cases 
that,  at  one  time,  it  was  described  as  if  a  blood-clot  were  formed  under 
the  periosteum.  Beneath  this  the  spongy  character  of  the  bone  can 
be  seen,  while  the  shaft  is  considerably  thicker  than  normal  and 
obviously  more  easily  bent. 
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Deformities  of  the  bones  due  to  rickets. — In  considering  the  de- 
formities so  often  produced  by  rickets,  it  is  to  be  remembered  that 
the  two  chief  changes  in  the  bones  are,  in  the  first  place,  enlargement 
and  softening  of  the  epiphyseal  extremities  of  the  bones  from  the 
affection  of  the  cartilage,  and,  in  the  second  place,  thickening  with 
loss  of  resistance  of  the  shaft  from  the  periosteal  lesion.  These  con- 
ditions do  not  always  go  strictly  parallel,  one  or  other  being  frequently 
the  more  prominent  in  a  particular  bone.  The  various  bones  of  the 
body  also  present  very  commonly  different  degrees  of  rickets,  although 
the  disease,  being  a  general  one,  usually  affects  many  bones.  Even  in 
bones  affected  to  a  similar  extent,  however,  the  resulting  deformities 
present  very  great  variations ;  the  deformities  consist  largely  of  curva- 
tures of  the  bones  from  the  ap- 
plication of  external  forces,  and 
the  bones  are  differently  placed 
in  relation  to  such  forces. 

Deformities  of  the  long  bones.— The 

most  obvious  change  at  the  outset  is 
swelling  of  the  cartilaginous  ends  (see 
Fig.  278)  of  the  long  bones,  giving  a 
clubbed  or  knobbed  appearance  to  the 
limbs.  This  is  common  to  all  the 
long  bones,  and  is  the  condition  gene- 
rally taken  in  practice  as  evidence  of 
the  existence  of  the  disease.  The 
bones  are  also  arrested  in  their 
growth,  so  that  they  are  stunted  while 
at  the  same  time  they  are  unduly 
thick. 

The  remaining  deformities  occur  in 
the  majority  of  cases  in  the  lower 
limbs,  and  are  the  result  of  the  weight 
of  the  body  acting  on  the  bones  in 
their  weakened  condition.  Similar 
deformities  are  met  with  in  the  bones 
of  the  arms  (see  Fig.  278)  in  cases 
where  external  force  is  frequently  ap- 
plied to  them,  as  where  a  child  in 
creeping  leans  on  the  arms,  or  where 
a  nurse  frequently  lifts  a  child  by  one 
arm  (Macewen).  The  deformities  con- 
sist mainly  of  curvatures  of  the  shafts 

of  the  bones,  along  with  shifting  of  the  epiphyses  in  some  cases. 

Shifting  of  the  epiphyses  is  due  to  the  condition  of  the  ossifying  cartilage 
extended  blue  zone  at  the.  cartilaginous  border,  being  soft,  allows  the  epiphysis 
to  change  its  position  according  to  the  direction  of  pressure,  and  so  at  the 


Fig.  278.— Humerus  and  radius  and  ulna  in 
rickets.  The  humerus  is  much  swollen  in  its 
upper  parts.  The  bones  of  the  fore-arm  are 
much  bent. 
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ankle  the  epiphysis  is  sometimes  displaced  inwards,  and,  as  it  were,  overhangs 
the  joint  on  its  internal  aspect.  The  same  may  occur  at  the  knee-joint,  and 
the  internal  condyle  may  exceed  in  length  the  external  even  after  the  disease 
has  been  cured. 

The  curvatures  of  the  bones  (see  Figs.  278  and  279)  are  due  mainly  to  the 
weight  of  the  body  acting  on  the  softened  shafts,  and  as  the  pressure  acts 

mainly  on  the  lower  limbs  the  two  prin- 
cipal forms  are  genu  valgum  and  genu 
varum. 

Genu  valgum,  or  knock-knee,  is  a  con- 
dition in  which  the  thigh  and  leg  form 
an  angle  at  the  knee  with  its  apex  in- 
wards. This  deformity  depends  usually 
on  several  alterations.  There  is  generally 
a  curve  of  the  lower  third  of  the  femur, 
with  its  convexity  inwards,  the  effect  of 
this  being  that  the  internal  condyle  is 
lower  and  the  external  higher  than  nor- 
mal. Along  with  this  there  is  usually 
the  lengthening  of  the  internal  condyle 
already  referred  to,  and  illustrated  in 
Fig.  275,  p.  526.  As  a  rule  the  tibia  is 
not  bent,  the  two  conditions  named  taking 
the  chief  part  in  producing  the  deformity, 
but  sometimes  the  shaft  of  the  tibia  is 
at  an  angle  with  the  epiphysis,  as  if  the 
latter  were  to  some  extent  overhanging 
the  former.  In  addition  the  femur  or 
tibia  sometimes  shows  an  anterior  cur- 
vature, which  of  course  does  not  increase 
the  valgum  condition. 

Genu  varum,  or  bow-legs,  is  the  con- 
verse condition  to  genu  valgum.  The 
shafts  of  the  femur  and  tibia  are  curved, 
ts  ^*      '  *t  ^     w^n  the  convexity  outwards,  but  these 

Pfllffl'^  bones  take  part  in  the  deformity  in  very 

different  degrees,  the  tibial  curve  being 
more  frequent  and  usually  more  pro- 
nounced than  that  of  the  femur. 
The  long  bones  being  soft  and  flexible  are  not  so  liable  as  normal  bones  to 
complete  fractures,  but  they  are  specially  liable  to  Partial  fractures  or  infractions. 
If  the  bone  is  suddenly  bent  it  does  not  break  across,  but  is  partially  torn  as 
when  an  attempt  is  made  to  break  a  green  stick.  In  this  case  the  concave 
surface  of  the  bent  bone  gives  way  and  the  convex  surface  does  not.  The 
marrow  is  torn  by  the  broken  concave  portion,  the  broken  edges  of  which  may 
be  projected  through  the  marrow  to  the  opposite  internal  wall.  This  kind  of 
fracture  has  been  aptly  compared  by  Virchow  to  the  breaking  of  a  quill.  These 
infractions  occur  most  frequently  at  the  lower  part  of  the  tibia,  also  in  the 
pelvis  and  ribs,  and  less  frequently  in  the  bones  of  the  arm. 

Deformities  of  the  chest. — The  junction  of  the  cartilaginous  and  bony  ribs  is 


Fig.  279.— Bending  of  tibia  and  fibula  from 
rickets.  The  active  disease  had  ceased  in 
this  case. 


DEFORMITIES  IN  RICKETS. 


537 


Fig.  2S0.—  Swellings  at  junction  of 
cartilaginous  and  osseous  ribs— the 
called  Rachitic  rosary. 


analogous  to  the  ossifying  cartilage  of  a  long  bone,  and  undergoes  a  similar 
thickening  in  rickets.  These  parts  of  the  ribs  are  therefore  knobbed,  and  there 
is  thus  a  row  of  knobs  on  each  side  of  the  chest— the  so-called  Rachitic  rosary 
(Fig.  280).  The  chest  is  also  liable  to  deformity  from  the  flexibility  of  the 
ribs.  During  inspiration  the  lateral  aspects  of 
the  ribs  are  drawn  inwards  from  being  unable 
to  withstand  the  atmospheric  pressure,  so  that 
instead  of  the  natural  arch  with  the  convexity 
outwards,  these  lateral  portions  are  flattened  or 
even  rendered  concave.  As  the  ribs  take  thus  a 
straighter  course  the  sternum  is  pushed  forward, 
and  the  antero-posterior  diameter  of  the  chest 
increased. 

Deformities  of  the  vertebrae. — The  vertebras  very 
often  escape  in  the  milder  forms  of  rickets,  but 
in  many  cases  they  also  are  composed  of  abnor- 
mally spongy  bone,  and  allow  of  the  occurrence 
of  curvature.  Such  curvatures  are  mostly  exag- 
gerations of  the  normal  antero-posterior  curves, 
but  lateral  curvature  also  occurs.  Any  consider- 
able curvature  will  cause  narrowing  of  the  chest, 
and  if  this  be  associated  with  the  deformity 
mentioned  above,  the  interference  with  the  cir- 
culation and  respiration  may  be  serious. 

Deformities  of  the  Pelvis. — These  are  of  great 
importance  in  the  female  in  relation  to  the  possible  occurrence  of  pregnancy 
in  after  life.  The  chief  deformity  is  produced  by  the  weight  of  the  body  acting 
through  the  vertebral  column  on  the  sacrum.  This  bone  is  pushed  forward  and 
the  pelvis  undergoes  a  corresponding  displacement  of  its  parts,  the  antero-posterior 
diameter  being  diminished.  The  growth  of  the  bones  here  also  is  stunted,  and 
the  pelvis  therefore  remains  unduly  small. 

The  bones  of  the  head  frequently  undergo  very  marked  deformities.  The  bones 
of  the  face,  like  the  bones  generally,  are  stunted  in  their  growth  so  that  the 
face  is  small.  It  is  also  stated  that  the  jaws  by  the  action  of  the  muscles 
undergo  changes  in  shape  by  which  the  lower  jaw  is  shortened  and  the  upper 
jaw  lengthened,  so  that  the  teeth  of  the  latter  overlap  very  much  those  of  the 
former.  While  these  are  the  conditions  in  the  face  the  bones  of  the  cranium 
present  striking  peculiarities.  The  flat  bones  ossify  from  membrane,  and  in 
rickets  we  have  the  ossification  lingering  behind  so  that  at  their  borders  these 
bones  present  somewhat  broad  areas  in  which  there  is  soft  tissue  like  that  under 
the  periosteum.  The  effect  of  this  is  to  cause  an  apparent  widening  of  the 
sutures  and  extension  of  the  fontanelles.  The  closure  of*  the  fontanelles  is  also 
delayed.  The  thickness  of  the  skull  is  increased,  just  as  is  that  of  the  shafts 
of  the  long  bones,  the  pericranium  like  the  periosteum  generally  producing  a 
thick  layer  of  loose  ill-formed  bone.  The  cranium  is  thus  enlarged  in  circum- 
ference, and  at  the  same  time  it  is  commonly  flattened  on  the  summit.  The 
enlargement  of  the  cranium,  with  the  stunted  condition  of  the  face,  causes  the 
well-known  overhanging  of  the  brow  so  often  seen. 

Another  occasional  consequence  of  rickets  is  the  condition  designated  Craniotabes. 
As  we  shall  see  afterwards,  this  is  frequently  a  consequence  of  syphilitic  disease 
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of  the  bones,  but  it  occurs  also  in  rickets.  The  bone  in  rickets  is  soft,  possessing 
less  power  of  resistance  than  normal  bone.  If  the  child  be  lying  constantly  on 
one  spot,  or  if  the  contents  of  the  skull  be  increased,  as  in  chronic  hydrocephalus^ 
then  the  pressure  on  the  bone  may  cause  it  to  waste.  This  occurs  most  frequently 
when  both  these  conditions  are  present,  and  the  bone  is  as  it  were  between  two 
pressures.  In  this  way  may  occur  thinning  and  actual  perforation  of  the  skull, 
so  that  in  the  midst  of  the  bones  there  will  be  holes,  where  the  brain  is  covered 
by  the  soft  parts  alone.  From  the  nature  of  the  case  it  will  be  understood  that 
these  apertures  are  mostly  in  the  occipital  or  the  parietal  bone,  according  as 
the  child  lies  mostly  on  its  back  or  side. 

Recovery. — This  takes  place  in  rickets  by  the  removal  of  the  in 
sanitary  conditions,  or  by  the  termination  of  the  period  of  growth. 
The  ossification  advances  in  the  cartilage  and  under  the  periosteum. 
The  spongy  bone  produced  under  the  periosteum  becomes  dense,  and 
so  the  bone  may  be  unduly  heavy  and  thick,  while  it  is  stunted.  The 
deformities  having  occurred  in  a  rigid  structure  are  rendered  even 
more  fixed  by  the  completion  of  the  ossification.  There  is,  however,  in 
the  course  of  time  an  effort  on  the  part  of  nature  to  restore  the  normal 
architecture  of  the  bones  (see  Fig.  275) ;  where  they  are  bent  absorp- 
tion occurs  on  the  convex  surfaces  and  increased  new-formation  on  the 
concave ;  there  may  be  considerable  restoration  of  the  proper  shape  in 
the  long  bones,  but  usually  much  less  in  the  pelvis,  head,  and  thorax. 

Deformities  of  the  bones  in  Cretins. — Although  the  pathology  of 
Cretinism  is  not  fully  elucidated,  yet  much  light  has  been  thrown  on 
it  by  the  discovery  of  the  important  lesions  following  on  disease  or 
extirpation  of  the  thyroid  gland.  The  disease  is  apparently  due  to  a 
morbid  poison  which  affects  primarily  the  thyroid  gland  (see  under 
Goitre),  and  the  remaining  lesions  are  probably  the  consequence  of 
the  interference  with  the  function  of  that  gland.  These  lesions  con- 
cern especially  the  cutaneous,  the  nervous,  and  the  osseous  systems. 

So  far  as  the  bones  are  concerned,  the  chief  lesion  is  a  stunting  of 
them,  due  principally  to  defect  in  the  ossification  from  cartilage.  The 
ossifying  margin  of  the  long  bones  does  not,  as  in  rickets,  show  a 
proliferation  of  the  cartilage  cells,  but  these,  on  the  contrary,  seem 
to  leave  off  their  active  function.  There  is  thus  a  pause  or  retardation 
of  the  process,  with  the  result  that  the  bones,  and  particularly  the  long 
bones,  are  stunted  in  their  growth.  This  applies  to  the  basilar  parts 
of  the  occipital  and  sphenoid  bones  which  are  ossified  from  cartilage. 
Here  also  the  elongation  of  the  bone  is  retarded,  with  the  result  that 
the  base  of  the  skull  is  shortened.  The  result  is  similar  to  that  of 
premature  synostosis  of  these  bones  (see  p.  350),  and  such  a  synostosis 
may  itself  occur  although  this  is  not  usual  (E.  Klebs).  Besides  the 
shortening  of  the  base,  there  is  a  thickening  of  the  bones  of  the 
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cranium  and  sometimes  a  synostosis  of  the  sutures.  As  a  further 
indication  of  retardation,  the  eruption  of  the  teeth  may-  be  delayed 
and  the  permanent  teeth  retained  in  the  jaws. 

The  Cretin  has  usually  a  stunted  body  with  short,  thick  legs.  The 
head  has  the  face  ill-developed  and  the  cranium  prominent.  The  state 
of  idiocy  which  accompanies  these  conditions  is  due  more  to  a  direct 
action  on  the  brain  of  the  causative  agent  than  to  the  condition  of 
the  bones. 

Foetal  Rickets.  Micromelia  Chondromalacia. — These  names  are 
applied  to  cases  in  which  a  child  is  born  with  a  shortened  body,  short 
plump  limbs,  folded  skin,  prominent  abdomen.  The  bones  are  short 
and  thick,  and  present  enlargements  at  their  ends.  There  is  thus  a 
certain  outward  resemblance  in  the  condition  of  the  bones  to  rickets, 
but  histologically  the  condition  is  entirely  different.  The  stunting 
of  the  bones  is  due  to  an  almost  entire  cessation  in  the  activity  of 
the  cartilage,  whilst  the  ossification  is  not  similarly  delayed.  It  is  thus 
almost  precisely  the  converse  of  the  condition  in  rickets.  A  synostosis 
of  the  base  of  the  skull  is  apparently  a  constant  concomitant. 

The  relation  of  the  condition  in  question  to  Cretinism  has  been 
much  discussed.  By  many  it  is  believed  to  be  a  fcetal  manifestation 
of  Cretinism,  but  this  is  doubted  by  others  (Marchand),  especially 
on  the  ground  that  it  occurs  in  regions  where  Cretinism  is  not 
endemic,  and  also  that  in  such  regions  Cretinism  begins  its  manifesta- 
tions after  birth.  It  is  to  be  added  that  the  so-called  foetal  rickets 
has  been  observed  in  the  calf  by  Eberth,  and  regarded  by  him  as  a 
manifestation  of  Cretinism.  The  exact  relation  of  the  two  conditions 
must  in  the  meantime  be  held  in  abeyance. 

Literature. — Glisson,  De  rachitide,  1650  and  1671 ;  Bromfield,  Chir.  obs.  and 
cases,  1757,  vol.  ii.;  Stiebel,  in  Virchow's  Handb.  der  spec.  Path.  u.  Therap.,  Bd. 
i.,  1854;  Aitken,  in  Reynold's  Med.,  i.,  1866;  Sjiiih,  in  Internat.  Syst.  of  Surg.,, 
i.,  1882 ;  Kassowitz,  Die  normale  Ossification,  1881 ;  Pommer,  Osteomalacic  and 
Rachitis,  1885;  Macewen,  Osteotomy,  1880;  Neumann,  Ueber  fcetale  Rachitis,  1881; 
Eberth,  Die  foetale  Rachitis,  1878;  Grawitz,  Virch.  Arch.,  c,  1885;  Klebs, 
Allgem.  Path.,  1889;  Kirchberg  and  Marchand,  Zieglers  Beitrage,  v.,  1889. 

IV.— RETROGRADE  CHANGES. 
1.  Atrophy. — The  bones  are  liable  to  various  forms  of  atrophy.  One 
of  the  commonest  forms  is  that  described  as  Atrophy  from  pressure, 
which,  however,  is  not  a  true  atrophy,  but  an  absorption  of  bone.  It 
is  illustrated  by  the  case  of  Aneurysms  which  in  their  growth  meet 
with  bony  structures,  such  as  the  vertebrae  (see  Fig.  262,  p.  489),  or 
the  sternum  and  ribs.  The  bone  is  eroded,  while  any  related  cartilage 
is  preserved.    In  this  way  the  intervertebral  cartilages  or  the  carti- 
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laginous  ribs  may  be  rendered  unduly  prominent  by  destruction  of  the 
bone.  A  similar  erosion  of  the  bone  is  sometimes  produced  in  the  skull 
by  the  Pacchionian  bodies,  which  may  produce  deep  pouches  in  the 
internal  table.    Tumours  also  lead  by  pressure  to  destruction  of  bone. 

Senile  atrophy  of  the  bones  is  a  true  atrophy.  It  consists  in  a 
general  diminution  in  the  organic  matrix  of  the  bone  so  that  the 
proportion  of  lime  salts  increases,  but  there  is  at  the  same  time  fre- 
quently a  diminution  in  thickness  or  an  increased  porosity  of  the 
bone.  In  old  age  the  neck  of  the  femur  is  frequently  shortened  and 
forms  a  wider  angle  with  the  shaft.  The  calvarium  in  old  people  is 
frequently  diminished  in  thickness  and  very  translucent,  but  this  is 
by  no  means  constant,  nor  is  it  limited  to  old  people. 

Atrophy  from  disuse  and  from  nervous  lesions  occurs  chiefly  in 
cases  of  paralysis.  In  pseudo-hypertrophic  paralysis,  as  shown  by  a 
specimen  in  the  museum  of  the  Western  Infirmary,  there  is  great 
atrophy  of  the  bones  of  the  lower  limb.  In  infantile  paralysis  and 
locomotor  ataxia  there  is  also  frequently  atrophy  of  the  bones  at  the 
joints.  After  Fractures  which  have  not  united,  the  bones  may 
atrophy,  sometimes  from  disuse  but  at  other  times  from  interference 
with  the  nutrient  artery.  In  cases  of  atrophy  from  disuse,  from  what- 
ever cause,  the  medullary  spaces  are  enlarged  by  absorption  of  the 
bone.  Thus,  the  shaft  is  thinned  and  the  spaces  in  the  cancellated 
tissue  are  enlarged.  The  increased  bone  marrow  is  a  fatty  marrow, 
.and  the  bone  as  a  whole  contains  more  fat  than  normal,  a  kind  of 
Fatty  infiltration. 

2.  Osteomalacia  or  Mollities  ossium. — This  condition  is  liable  to  be 
confused  with  rickets  on  the  one  hand  and  simple  atrophy  on  the  other. 
It  differs  from  rickets  in  being  a  disease  of  mature  bone,  rarely  occur- 
ring in  children.  It  leads,  like  rickets,  to  weakness  of  the  bones, 
rendering  them  liable  to  various  curvatures  and  deformities. 

In  its  causation  the  disease  is  often  obscure,  but  pregnancy  seems  in 
many  cases  the  determining  cause.  It  may  come  on  during  pregnancy 
and  run  a  rapid  course.  It  has  also  been  observed  in  cases  of  insanity, 
and  here  the  softness  of  the  bones  may  lead  to  fractures  from  compara- 
tively slight  violence. 

The  disease  usually  begins  in  the  bones  of  the  pelvis,  vertebrae,  or 
ribs,  but  extends  to  the  rest  of  the  skeleton,  continuing  to  progress  up 
till  death.  The  cases  present  various  curvatures  and  partial  fractures. 
The  pelvis  is  specially  liable  to  deformity,  the  acetabula  being  pushed 
inwards  and  the  cavity  narrowed.  The  bones  as  seen  after  death  are 
soft  and  light  so  that  they  may  float  in  water,  and  they  are  easily  cut 
with  the  knife  or  scissors. 
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The  lesion  consists  in  a  solution  of  the  bone  with  a  corresponding 
increase  in  the  medullary  spaces.  It  begins,  as  shown  in  Fig.  281. 
in  a  decalcification  of  the  bony  trabecular,  in  the  parts  next  the  medul- 
lary spaces  and  Haversian  canals,  so  that  instead  of  these  trabecule 
having  in  the  fresh  state  a  homogeneously  opaque  appearance,  they 
show  at  their  peripheries  a  transparent  zone  in  which  the  bone  cor- 
puscles are  visible  but  without  their  canaliculi.  The  appearance  of 
these  parts  is  precisely  that  of  bone  artificially  decalcified  by  steeping 
in  an  acid.  The  decalcified  parts  may  be  rendered  prominent  by 
staining  with  carmine,  the  unaffected  bone  remaining  uncoloured  while 
the  affected  parts  are  stained.    The  disease  advances  by  the  decalcified 


Fig.  2S1. — A  fragment  of  bone  from  a  case  of  osteomalacia.  The  central  part  shows 
the  usual  appearance  of  bone,  while  the  marginal  parts  are  transparent,  being  devoid 
of  lime  salts,  although  still  showing  bone  corpuscles.    X  90. 

parts  dissolving  so  that  the  medullary  spaces  increase,  while  the  decal- 
cification further  encroaches  on  the  bony  trabecular. 

The  bone-marrow  is  in  some  cases  replaced  by  round-celled  tissue 
as  if  the  process  partly  partook  of  an  inflammatory  character ;  in 
other  cases  the  adipose  tissue  of  the  marrow  seems  to  undergo  increase, 
so  as  to  fill  the  enlarged  spaces.  This  appears  to  have  been  the  case 
in  specimens  examined  by  John  Hunter,  which  he  thus  describes  : 
"The  component  parts  of  the  bone  were  totally  altered,  the  structure 
being  very  different  from  other  bones,  and  wholly  composed  of  a  new 
substance  resembling  a  species  of  fatty  tumour,  and  giving  the  appear- 
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mice  of  a  spongy  bone  deprived  of  earth  and  soaked  in  soft  fat."  In 
these  cases  the  medulla  forms  a  bright  yellow,  pink,  or  deep  crimson 
material,  and  when  examined  microscopically  presents  free  oil  in  great 
quantity  with  crystals  of  margarine. 

[Necrosis  is  considered  in  a  special  section  after  inflammation.] 

Literature. — John  Hunter,  quoted  by  Paget,  Lect.  on  Surg.  Path.,  1870,  p.  103; 
Stansky,  Rech.  sur  l'osteomalacie,  1851;  Eokitansky,  Handb.  d.  path.  Anat. : 
Rindfleisch,  Path.  Hist. ;  Cohnheim,  Path.  Anat.,  i. ;  Pommer,  Unters.  iiber 
Osteomalacic  und  Rachitis,  1885 ;  Rehn,  (a  case  in  childhood)  Jahrb.  f.  Kinder - 
heilk.,  xii. ;  Vincent,  in  Internat.  syst.  of  surg.,  1886;  Shattock,  Path,  trans., 
xxxviii.,  1887;  Ribbert,  Biblioth.  Medica.,  1893,  c,  Heft  2. 

V.— INFLAMMATIONS  OF  BONE,  OSTITIS,  PERIOSTITIS, 
OSTEOMYELITIS. 

Introductory. — Inflammations  of  bone  are  sometimes  distinguished 
according  as  they  affect  the  periosteum  (Periostitis),  the  bone  proper 
(Ostitis),  or  the  bone-marrow  (Osteomyelitis).  Such  a  distinction,  how- 
ever, is  not  consistent  with  actual  fact.  We  have  already  seen  that 
in  the  growing  bone  the  proper  tela  ossea  is  enveloped  in  an  active 
cellular  tissue,  which  is  beneath  the  periosteum,  in  the  substance 
of  the  bone  filling  its  spaces,  and  in  the  medulla.  In  the  adult  the 
remains  of  this  tissue  is  still  present  and  capable  of  activity.  In 
inflammations  it  is  this  tissue,  which  by  some  writers  is  altogether 
included  as  the  bone-marrow,  that  is  specially  affected.  The 
majority  of  cases  of  inflammation  of  bone  occur  in  childhood,  when 
this  tissue  is  still  active,  and  when  inflammation  occurs  in  adults 
the  state  of  activity  is  restored.  While  this  is  true  it  will  be  under- 
stood that  the  phenomena  of  inflammation  are  frequently  most  mani- 
fest on  the  surface  or  in  the  marrow  of  bones,  because  the  soft  tissue 
is  most  abundant  there.  It  is  also  to  be  remembered  that  the  surface 
of  bones  is  most  exposed  to  injury,  and  that  inflammations  may  thus 
arise  which  will  chiefly  affect  the  periosteum  and  superficial  layers 
of  the  bone. 

1.  Acute  and  suppurative  inflammations  of  bone. — The  pyogenic 
microbes  may  be  directly  introduced  from  without  or  may  reach  the  bone 
by  the  blood,  and  hence  two  principal  forms  may  be  distinguished. 

(a)  Acute  traumatic  ostitis. — This  occurs  chiefly  in  cases  of  Com- 
pound fracture  where  septic  processes  have  occurred  in  the  wound. 
It  used  to  be  very  common  before  the  introduction  of  antiseptic 
surgery.  The  suppurative  inflammation  extends  between  the  broken 
ends  of  the  bones,  and  amongst  the  surrounding  soft  tissues,  and 
abscesses  frequently  form  around  the  seat  of  injury.  There  may 
also  be  pus  in  the  medullary  cavity,  disintegrating  the  bone-marrow. 


ACUTE  INFLAMMATIONS  OF  BONE. 


543 


Extension  of  the  septic  process  to  the  veins  is  not  uncommon,  so 
that  thrombo-phlebitis  and  pyemia  result. 

(b)  Acute  infective  ostitis. — This  condition  is  described  under 
various  names,  such  as  Acute  periostitis,  Malignant  osteomyelitis, 
Epiphyseal  ostitis,  Infective  ostitis,  Pseudo-rheumatic  ostitis,  Typhus 
of  the  limbs.  These  names  refer  to  special  features  presented  by 
different  cases.  The  disease  consists  in  an  acute  inflammation  which 
nearly  always  goes  on  to  suppuration,  and  occurs  without  any 
externally  apparent  cause. 

Causation. — The  essential  cause  here  is  a  pyogenic  microbe  which 
in  a  number  of  cases  has  been  identified  as  the  Staphylococcus  pyogenes 
aureus.  In  a  case  observed  by  the  author  a  plate  cultivation  showed 
the  presence  of  great  multitudes  of  this  microbe.  Experiments  on 
animals,  already  alluded  to,  show  that  when  a  bone  is  injured  and 
cultures  of  this  microbe  are  injected  into  the  animal,  these  Avill 
settle  in  the  injured  bone  and  produce  a  suppurative  inflammation. 
In  man  the  bone  is  always  so  far  predisposed  in  respect  that  the 
disease  is  one  of  Adolescents  in  whom  the  tissues  are  excessively 
active,  and  there  is  usually  also  the  history  of  an  injury  inflicted 
before  the  beginning  of  the  illness.  The  bones  most  frequently 
affected  are  those  most  exposed  to  injury.  The  fact  that  boys  are 
much  more  frequently  attacked  than  girls,  points  in  the  same  direction. 
It  may,  perhaps,  be  said  that  when,  by  accident,  the  microbes  in 
question  are  present  in  the  blood,  perhaps  by  absorption  from  the 
alimentary  canal,  an  injury,  otherwise  trivial,  may  determine  their 
settlement  in  a  bone,  and  so  the  disease  may  be  induced. 

Character  of  lesions. — The  inflammatory  process  presents  varying 
degrees  of  severity  and  extent,  as  well  as  considerable  variety  in 
its  seat.  The  bones  most  frequently  affected  are  the  long  bones, 
more  especially  the  tibia,  but  it  occurs  in  the  pelvic  bones,  the 
vertebrae,  especially  the  atlas,  and  in  other  situations. 

In  some  cases  the  periosteum  is  chiefly  affected,  and  to  these  the 
name  of  Acute  periostitis  is  often  given.  The  periosteum  is  swollen 
and  hyperremic,  and  suppuration  usually  ensues  rapidly.  The  pus 
accumulates  between  the  periosteum  and  the  bone,  and  the  periosteum 
is  sometimes  gangrenous.  The  bone  beneath  frequently  undergoes 
necrosis,  but  this  result  is  by  no  means  constant. 

In  other  cases  there"  is  a  more  diffused  inflammation,  affecting  the 
bone  and  medulla  as  well  as  the  periosteum,  or  there  may  even  be  a 
special  involvement  of  the  medulla.  In  these  cases  pus  is  present  in 
the  medullary  cavity  and  in  the  substance  of  the  bone.  According  to 
Oilier  the  inflammation  frequently  localizes  itself  in  the  neighbourhood 
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of  the  ossifying  borders  of  the  shafts  of  long  bones.  This  region  as  it 
is  next  the  epiphysis  (though  a  portion  of  the  diaphysis)  he  designates 
juxta-epiphyseal.  The  reason  of  this  localization  will  be  apparent 
from  the  fact  that  this  is  the  region  of  greatest  ossific  activity. 

Along  with  these  local  phenomena  there  is  commonly  more  or  less 
fever,  and  this  may  be  very  great  in  comparison  ^vith  the  local  pheno- 
mena. The  designation,  '  typhus  of  the  limbs,'  points  to  the  occurrence 
of  such  severe  febrile  phenomena. 

Necrosis  may  occur  in  the  several  forms  of  this  disease,  but  it  is 
by  no  means  uniformly  present,  its  occurrence  depending  chiefly  on 
local  interference  with  the  blood-supply,'  and  perhaps  also  on  the 
condition  of  the  person  affected.    (See  under  Necrosis  ) 

Pyaemia  occasionally  develops  as  a  result  of  the  extension  of  the 
septic  process  to  the  veins. 

(c)  Post-febrile  ostitis. — An  acute  ostitis  in  many  respects  similar 
to  that  just  described,  sometimes  follows  the  acute  fevers,  such  as  acute 
rheumatism,  typhoid  fever,  scarlet  fever,  measles,  dysentery,  etc. 

(d)  Abscess  in  bone. — Abscesses  are  met  with  in  the  cancellous 
tissue  of  the  ends  of  the  long  bones,  where  they  are  probably  the 
result  of  an  infective  or  post-febrile  ostitis.  The  abscess  expands 
the  end  of  the  bone,  which  may  attain  large  dimensions. 

2.  Chronic  inflammations  of  bone.  Chronic  ostitis. — In  its  Causa- 
tion, chronic  ostitis  is  very  varied.  All  sorts  of  irritants  acting  on 
the  bones  lead  to  it.  Traumatic  agents  causing  wounds,  and  more 
especially  fractures,  are  a  frequent  cause.  The  processes  concerned 
in  the  healing  of  fractures  are  essentially  those  of  chronic  inflammation. 
Necrosis,  from  whatever  cause,  leads  to  a  chronic  ostitis  around  the 
dead  piece.  Again,  inflammations  of  joints,  whether  tubercular^ 
traumatic,  rheumatic,  or  other,  lead  to  inflammations  of  the  neigh- 
bouring parts  of  the  bones,  the  agent  which  causes  the  inflammation 
in  the  joint  acting  also  by  absorption  and  in  a  diluted  form  on  the 
bone.  Syphilis  and  tuberculosis,  although  producing  specific  lesions, 
also  lead  to  ostitis.  Phosphorus  produces  a  peculiar  form  of  ostitis 
associated  with  necrosis.    (See  under  Necrosis.) 

The  chronic  inflammation  produces  activity  in  the  soft  structures 
of  the  bones,  with  the  consequence  that  as  regards  the  bony  tissue 
itself  two  opposite  conditions,  namely,  destruction  and  rarefaction 
of  the  bone  are,  according  to  circumstances,  produced.  It  is  cus- 
tomary to  speak  in  this  sense  of  a  rarefying  and  a  formative  ostitis, 
but  these  terms  in  reality  refer  to  local  processes  and  simply  indicate 
the  local  results  of  the  inflammation.  It  is  quite  common  in  the 
same  case  to  have,  in  different  regions,  both  a  rarefying  and  a  forma- 
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tive  ostitis.  The  soft  structures  of  the  bone,  whose  relation  to 
ossification  has  been  referred  to  in  the  introductory  section  become, 
under  the  influence  of  the  inflammation,  cellular  so  as  to  be  converted 
into  Granulation  tissue.  This  occupies  the  various  situations  already 
referred  to  as  those  occupied  by  the  active  tissue  of  growing  bones. 
It  is  present  in  the  medullary  spaces,  in  the  Haversian  canals,  and 
on  the  surface  of  the  bone  beneath  the  periosteum.  It  is  an  active 
tissue  and  produces  changes  analogous  to  those  of  the  similar  tissue 
in  growing  bones.  These  changes  consist  in  absorption  of  the  existing 
bone  on  the  one  hand  and  new-formation  of  bone  on  the  other. 

The  Rarefaction  of  bone  (sometimes  called  rarefying  ostitis)  occurs  by 
enlargement  of  the  spaces  and  channels,  such  as  the  Haversian  canals 
and  medullary  spaces.  It  is  manifested  chiefly  in  the  shafts  of  long- 
bones,  where  the  dense  bone  may  be  converted  into  a  loose  cancellous 
tissue.  There  is  usually  at  the  same  time  new-formation  of  bone, 
so  that  the  thickness  of  the  shaft  is  increased.  The  granulation 
tissue  acting  on  the  bony  trabecular  causes  absorption  of  the  bone, 
.and  it  is  believed  that  the  giant-cells  or  nvyeloplaques  are  chiefly 
•engaged  in  the  process. 

New-formation  is  a  more  constant  and  important  effect.  In  all 
forms  of  inflammation  there  is  liable  to  be  thickening  of  the  bones 
from  new-formation  on  the  surface.  As  this  takes  place  under  the 
periosteum  it  is  generally  ascribed  to  periostitis,  and  this  membrane 
is  generally  credited  with  a  special  power  of  bone-formation.  It  is, 
however,  merely  the  local  circumstances  which  determine  the  situation 
of  the  new-formation,  and  there  is  not  infrequently  an  encroachment 
on  the  medullary  cavity  as  well  as  apposition  on  the  surface.  The 
new-formed  bone  has  a  rough  tuberculated  surface  as  shown  in  Fig. 
283,  p.  549.  The  new-formation  may  follow  on  the  process  of  rare- 
faction so  that  a  dense  thickened  bone  may  result  (condensing  ostitis). 

The  process  of  new-formation  is  similar  to  that  in  ordinary  ossifica- 
tion. The  granulation  cells  act  as  osteoblasts,  surround  themselves 
with  osseous  matrix,  and  remain  buried  in  this  as  the  bone-corpuscles. 

Literature. — Stanley,  On  diseases  of  bones,  1849;  Klebs,  Beitr.  zur  path.  Anat. 
der  Schusswunden,  1872;  Rosenbach,  Mikroorganismen  b.  d.  Wundinfectionskr., 
1884;  Gakue,  Fortschritte  der  Med.,  1885;  Olliek,  in  Internat.  Encycl.  of  Surg., 
vi.,  1886 ;  Lannelonoue  et  Achabd,  Annales  de  1'Inst.  Pasteur,  v.,  1891. 

VI.— HYPERTROPHY  OF  BONE.    HYPEROSTOSIS,  PERIOSTOSIS. 

The  distinction  between  hypertrophy  of  bone  and  chronic  inflam- 
mation  is  sometimes  a  difficult  one  to  draw.  In  the  former  there 
is  a  new-formation,  as  in  the  latter,  and  it  may  be  only  the  absence 
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of  a  definite  inflammatory  irritant  which  may  determine  the  distinc- 
tion. In  true  hypertrophy  new  bone  is  formed  of  a  strictly  normal 
character,  and  the  result  is  a  general  or  local  enlargement  of  the 
bone.  A  general  enlargement  of  a  bone  is  called  Hyperostosis,  while 
a  partial  enlargement  is  Periostosis. 

The  Causation  is  in  many  cases  obscure.  It  may  be  determined, 
as  already  mentioned  (Fig.  76,  p.  204),  by  a  prolonged  hyperemia, 
which  gives  rise  to  increased  nutritive  activity.  In  other  cases  it 
is  Compensatory,  as  where  the  fibula  undergoes  hypertrophy  in 
consequence  of  an  ununited  fracture  of  the  tibia.  In  other  cases 
we  have  to  do  with  a  gradual  enlargement  of  unknown  cause. 

A  General  hyperostosis,  in  which  the  bones  generally  are  enlarged, 
has  been  described  by  Paget  under  the  designation  Osteitis  deformans. 
As  the  name  implies,  Paget  regards  the  condition  as  the  result  of 
inflammation.  The  disease  usually  affects  in  the  first  place  the  bones 
of  the  lower  limb  and  the  cranium.  These  undergo  great  enlarge- 
ment, while  at  the  same  time  their  tissue  is  opened  out  as  by  a 
rarefying  ostitis.  The  bones  are  also  softened,  so  that  various 
curvatures  are  produced.  The  enlarged  medullary  spaces  are  filled 
as  in  inflammation  with  a  tissue  which  is  abundantly  cellular.  The 
name  Osteoporosis  is  also  given. 

A  peculiar  feature  in  this  disease  is  the  frequent  co-existence  of 
tumours,  which  may  be  either  sarcomatous,  cancerous,  or  lymphatic 
(as  in  a  case  of  Goodhart's),  but  are  not  always  seated  in  the  bones. 

A  hyperostosis  affecting  single  bones  has  been  observed  chiefly  in 
the  skull  and  face.  These  bones  may  be  enormously  enlarged,  and 
the  face  in  particular  may  take  on  characters  which  have  suggested 
Virchow's  name  of  Leontiasis  ossea. 

Periostosis  is  more  unusual  apart  from  inflammatory  enlargement, 
but  partial  enlargements  of  the  processes  of  bones  occur. 

Acromegaly. — This  term,  which  means  enlargement  of  the  extremi- 
ties, has  been  recently  introduced  to  designate  a  form  of  disease  whose 
definition  is  due  chiefly  to  Marie  and  Souza  Leite.  The  course  of 
the  disease  lasts  about  fifteen  years,  and  it  is  characterized  by  a 
progressive  enlargement  of  the  face,  chiefly  the  nose  and  lower  jaw, 
marked  enlargement  of  the  hands  and  feet,  enlargement  of  the  tongue, 
muscular  weakness,  and  severe  headache. 

The  anatomical  lesions  are  principally  of  the  bones.  There  is  an 
enlargement  of  their  outline  by  a  new-formation  of  cancellous  bone. 
Thus  the  bones  of  the  hand  are  increased  in  breadth,  and  are  rough 
on  the  surface,  but  there  is  no  increase  in  length.  In  a  case  described 
by  Middleton,  the  elbow,  wrist,  and  knee-joints  were  affected,  but 
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this  is  quite  exceptional.  The  integuments  are  enlarged  over  the 
hypertrophied  bones,  and  very  great  deformity  ultimately  results, 
the  hands  being  like  great  unwieldy  fins. 

The  causation  of  the  disease  is  quite  obscure.  A  nervous  origin 
has  been  suggested  by  Recklinghausen,  in  which  case  the  disease 
would  be  regarded  as  a  trophoneurosis.    According  to  Marie's  view, 


Fig.  282.  —Acromegaly  in  a  man  aged  forty-nine.  (Middleton.) 


on  the  other  hand,  hypertrophy  of  the  pituitary  body  has  to  do 
with  the  causation,  an  analogy  being  drawn  with  myxcedema  in  its 
relation  to  the  thyroid  gland.    This,  however,  is  altogether  theoretical. 

Literature. — Paget,  Med.  chir.  trans.,  vol.  lx.,  1870;  Treves,  Path,  trans.,  xxxii., 
1881 ;  Silcock,  ibid.,  xxxvi.,  1885  ;  Robinson,  ibid.,  xxxviii.,  1887 ;  Goodhart, 
ibid.,  xxxix.,  1888;  Clutton,  ibid.]  Hutchinson,  Paget,  and  others,  Illust.  Med. 
News,  vol.  ii.,  1889,  pp.  109-189.  Acromegaly — Marie  and  Souza  Leite  in  New  Syd. 
Soc.  trans.,  1891 ;  Recklinghausen,  Virch.  Arch.,  cxix. ;  Duchesneau,  L' Acrome- 
galic, 1892 ;  Middleton,  Clin.  Records,  1894. 
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VII.— NECROSIS  OF  BONE. 

Death  of  bone  is  of  frequent  occurrence,  and  it  leads  to  such  obvious 
phenomena  that  the  term  necrosis  has  been  almost  monopolized  by 
surgeons  for  this  condition. 

Causation. — Necrosis  in  bone  is  nearly  always  the  result  of  inter- 
ruption of  the  blood-supply.  From  its  frequency  it  might  be  supposed 
that  bone  readily  succumbed  to  such  deprivation,  but  the  reverse  of 
this  seems  to  be  the  case.  Macewen's  observations  in  regard  to 
transplantation  seem  to  show  this.  (See  under  Transplantation.) 
Bone  receives  its  supply  of  blood  partly  through  small  vessels  which 
pass  from  the  periosteum  and  partly  by  larger  vessels,  of  which  there 
is  generally  a  special  one  for  each  bone,  which  penetrate  the  bone 
and  are  distributed  from  within,  such  vessels  being  specially  named 
the  nutrient  vessels. 

Necrosis  is  mostly  brought  about  by  the  periosteum  being  raised, 
sometimes  traumatically,  but  generally  as  a  consequence  of  inflam- 
mation, especially  when  pus  accumulates  between  the  membrane  and 
the  bone.  As  inflammation  coincides  the  irritant  producing  the 
inflammation  will  in  many  cases  have  its  share  in  causing  the  necrosis. 
By  the  raising  of  the  periosteum  the  periosteal  blood-supply  is  cut  off, 
and  the  nutrient  vessels  may  also  be  severed.  According  to  Macewen 
the  supply  of  the  nutrient  vessel  of  a  long  bone  is  generally  sufficient 
to  keep  the  bone  alive  even  when  the  whole  periosteum  is  stripped. 
This  author  records  a  case  in  which  the  whole  diaphysis  of  the  tibia 
was  denuded  of  periosteum,  but  in  which  the  persistence  of  the 
nutrient  vessels  caused  all  the  bone  to  survive  except  a  small  super- 
ficial scale. 

Necrosis  is  an  occasional  result  of  inflammation  in  the  bone  itself, 
and  it  occurs  in  the  form  of  caseous  necrosis  in  tuberculosis.  Injuries, 
by  separating  a  portion  of  bone,  will  sometimes  produce  necrosis,  and 
will  do  so  almost  inevitably  if  septic  processes  coincide. 

Resulting  conditions. — The  dead  piece  of  bone  is  in  itself  inert, 
and  undergoes  merely  passive  changes.  It  retains  its  form  and 
general  appearance,  but  if  it  remain  long,  being  macerated  by  the 
juices  of  the  body,  it  assumes  the  characters  of  macerated  bone.  It 
then  appears  white  and  dry,  and,  as  it  contains  little  organic  matter, 
it  feels  hard  to  the  probe  and  gives  a  sound  on  being  struck. 

Inflammation  is  a  constant  concomitant  of  necrosis.  If  the  latter 
has  not  been  due  to  inflammation,  then  it  leads  to  it  secondarily. 
The  dead  piece  of  bone  seems  to  stimulate  the  surrounding  living 
tissue,  and  to  lead  to  a  chronic  inflammation.  By  means  of  a 
rarefying  ostitis  the  Haversian  canals  and  medullary  spaces  enlarge 
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and,  the  bone  immediately  around  the  dead  piece  being  replaced 
by  granulation  tissue,  the  necrosed  piece  becomes  a  Sequestrum. 

At  the  same  time  new-formation  commonly  occurs,  chiefly  in  the 
subperiosteal  tissue,  which  has  probably  been  separated  from  the 
dead  bone,  but  also  in  the  medulla.  There  is  thus  produced  an 
irregular  layer  of  new  bone,  as  shown  in  Fig.  283.  This  new  bone 
is  largely  subperiosteal,  and  in  many  cases  it  forms  an  external  shell 
which  may  exercise  the  function  of  support  instead  of  the  bone  which 
has  died.  This  external  shell  frequently  con- 
fines the  dead  piece,  rendering  it  difficult  of 
access  for  removal  by  the  surgeon.  It  is  gene- 
rally provided  with  apertures  called  Cloacae, 
through  which  the  pus  of  the  original  suppur- 
ation has  passed,  and  which  have  remained 
as  canals  or  gaps  in  the  new-formed  shell. 

The  ultimate  disposal  of  the  dead  bone 
occurs  in  different  ways  according  to  circum- 
stances. 

Absorption  of  dead  bone  is  of  frequent 
occurrence.  In  simple  fractures  it  is  prob- 
able that  detached  pieces  of  bone  frequently 
die  and  become  absorbed.  Similarly  in 
compound  fractures  pieces  are  not  infre- 
quently visible  in  the  wound,  having  the 
dead  white  colour  and  hard  feeling  of 
sequestra,  but  if  the  wound  remains  aseptic 
they  are  absorbed.  Again,  at  the  ends  of 
stumps  sequestra  often  form,  and  they  are 
sometimes,  at  least  partially,  absorbed.  In 
all  these  cases,  and  even  in  acute  infective 
ostitis,  the  dead  bone  may  be  absorbed  if 
septic  changes  be  averted  or  overcome. 

The  absorption  is  effected  by  the  Osteo- 
clasts. In  Figs.  284  and  285  the  appear- 
ances are  shown  as  observed  by  the  author 
in  a  case  of  limited  necrosis  at  the  end  of  a 
stump,  in  which  absorption  was  in  progress. 
Here  the  Haversian  canals  and  medullary 

spaces  as  seen  in  Fig.  284  are  enlarged,  and  their  borders  have  a 
worm-eaten  appearance.  This  latter  is  shown  in  Fig.  285  to  be  due 
to  the  existence  of  Howship's  lacunse,  in  which  are  giant-cells  exercising 
their  function  of  osteoclasts.    Sometimes  a  regular  row  of  such  cells 


Fig.  2S:i.— Necrosis  of  femur. 
The  smooth  necrosed  piece  is  seen 
with  irregular  new-formed  bone 
around. 
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was  visible,  as  if  feeding  on  the  bone,  and  they  were  occasionally 
almost  buried  in  flask-shaped  spaces  (as  at  the  left  in  Fig.  285).  By 
this  process  bone  may  be  entirely  absorbed. 

A  similar  process  of  absorption  occurs,  not  only  in  pieces  of  bone 


Fig.  2S4.— Section  of  a  piece  of  necrosed  bone  which  had  been  undergoing  absorp- 
tion. The  margins  of  the  bone  at  the  medullary  spaces  and  Haversian  canals  have 
an  eaten-out  appearance  from  the  presence  of  Howship's  lacunae,    x  80. 


Fig.  2S5.— Howship's  lacunae  with  giant-cells  (osteoclasts)  in  them,  and  free  giant- 
cells.    From  same  piece  of  necrosed  bone  as  preceding  figure,    x  350. 


which  have  died  in  the  body,  but  in  pieces  of  ivory  or  bone  which 
have  been  introduced  for  therapeutic  purposes,  such  as  ivory  pegs 
used  in  cases  of  ununited  fracture,  bone  drainage  tubes,  etc. 

Absorption  does  not  occur  where  the  dead  bone,  having  become 
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septic,  is  itself  a  source  of  serious  irritation.  Thus  a  piece  of  dead 
bone  may  lie  for  years  in  a  suppurating  cavity  almost  unchanged. 
Cornil  and  Ranvier,  for  example,  figure  a  transverse  section  of  a 
sequestrum  of  the  femur  which  had  remained  thirty  years  bathed 
in  pus.  In  this  time  it  had  undergone  no  corrosion  and  had  all  the 
characters  of  macerated  bone.  The  position  of  the  sequestrum  inside 
the  shell  of  new  bone  often  causes  its  retention,  and  its  removal  is 
only  effected  by  partial  destruction  of  the  external  shell. 

Phosphorus-necrosis. — This  condition  occurs  chiefly  in  persons  who 
are  employed  in  workshops  where  lucifer  matches  are  manufactured, 
and  who  are  thus  exposed  to  the  vapour  of  phosphorus.  The  vapour 
acts  locally,  on  the  jaws  chiefly,  and  it  is  said  that  persons  with  carious 
teeth  are  particularly  liable  to  be  affected.  The  phosphorus  produces 
an  inflammation  mainly  of  the  periosteum,  resulting  in  a  great  new- 
formation  of  cancellated  bone  on  the  surface  of  the  jaw.  This  bone 
may  afterwards  become  condensed  by  the  ossification  encroaching 
on  the  medullary  spaces.  After  a  time  the  inflammation  leads  to 
suppuration,  the  pus  forming  between  the  new-formed  bone  and  the 
original  bone  of  the  jaw.  From  this  results  a  necrosis  of  the  jaw 
which  may  involve  the  entire  bone,  and  may  extend  to  the  new- 
formed  bone.  The  resulting  suppurations  are  usually  fatal  in  their 
results,  but  after  removal  of  the  sequestrum  healing  may  occur. 

From  the  observations  of  Wegner  it  appears  that  phosphorus  acts  as  a  general 
stimulant  to  the  structures  concerned  in  the  formation  of  bone.  The  phosphorus 
vapour  acting  directly  stimulates  so  violently  as  to  produce  the  inflammation  and 
necrosis  just  described,  and  this  result  has  been  produced  also  in  rabbits  exposed 
to  the  vapour  of  phosphorus.  When  given  in  small  doses  internally,  phosphorus 
produces  in  growing  animals  a  distinct  stimulation  of  the  process  of  formation  of 
bone.  In  such  cases  the  bone  produced  at  the  ossifying  border  of  the  cartilage  is 
not  a  spongy  bone,  but  a  dense  layer,  and  there  is  also  an  unusually  dense  bone 
produced  beneath  the  periosteum.  It  is  noteworthy  that  in  growing  animals  to 
whom  small  doses  of  phosphorus  were  given,  while  insufficient  quantities  of  lime 
were  supplied,  there  was  a  great  production  of  osteoid  tissue,  somewhat  like  that 
produced  in  rickets. 

Literature. — Macewen,  Annals  of  Surgery,  1887  ;  Wegner,  Virchow's  Arch.,  lvi., 
1872;  Coats,  Glasg.  Med.  Jour.,  vi.,  1874;  Bibra  und  Geist,  Krankh.  d.  Arbeiter  in 
der  Phosphorfabriken,  1847  ;  Tkelat,  De  la  necrose  causee  par  le  phosphore,  1857 ; 
Thiersch,  Arch.  d.  Heilk.,  18(58;  Wegner,  Virch.  Arch.,  lv.,  1872;  Cameron,  Glasg. 
Med.  Jour.,  xvi.,  112,  1881. 

VIII. — REGENERATIVE  PROCESSES.     HEALING  OF  FRACTURES, 
TRANSPLANTATION. 

In  the  various  regenerative  processes  the  structures  above  referred 
to  as  having  to  do  with  the  growth  of  bone  are  concerned.    The  struc- 
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tures  become  cellular,  their  existing  cells  multiplying  by  karyomitosis.. 
and  they  thus  renew  their  powers  of  new-formation.  The  processes 
concerned  are  really  those  of  chronic  inflammation. 

1.  The  Healing  of  fractures. — In  the  case  of  simple  fractures  or  of 
those  which  are  protected  from  septic  contamination,  the  process  of 
healing  generally  begins  soon  after  the  infliction  of  the  injury. 

According  to  Ogston,  in  compound  fractures  and  dislocations,  the 
forcible  dispersion  of  fluids  by  the  agent  producing  the  injury,  as  well 
as  the  dragging  on  tissues  of  varying  degrees  of  distensibility,  often 
leads  to  the  formation  of  extensive  spaces  or  cavities  beneath  the  skin, 
amongst  the  muscles  and  elsewhere.  As  these  may  be  the  seat  of 
septic  processes  they  require  careful  attention  (Ogston,  in  Reprint 
from  Med.  Chronicle,  Nov.,  1888). 

The  actual  injury  induces  an  acute  inflammation.  There  is  hyper- 
emia, serous  exudation  and  exudation  of  leucocytes,  and  there  is  also 
a  certain  amount  of  hemorrhage.  These  inflammatory  manifestations 
are  present  in  the  torn  periosteum  and  in  the  medulla.  The  acute 
inflammation,  however,  usually  subsides  in  a  few  days;  its  prolonga- 
tion, as  in  septic  cases,  is  inimical  to  healing.  Any  considerable 
accumulation  of  blood  is  also  inimical  to  healing,  but  as  a  general  rule 
the  effused  blood,  having  been  transuded  into  the  tissues  around, 
passes  into  the  lymphatics,  or,  if  it  remain  more  permanently,  it  is 
disposed  of  by  being  eaten  into  by  the  new-formed  inflammatory  tissue. 

On  the  subsidence  of  the  acute  inflammation  the  soft  structures 
show  active  changes.  By  a  process  of  karyomitosis  (as  observed  by 
Krafft)  the  subperiosteal  and  medullary  cells  proliferate,  so  as  to  form 
granulation  tissue.  A  similar  process  is  visible  in  the  endothelium  of 
the  vessels,  by  which  means  new  vessels  are  formed.    The  tissue  of 


Fig.  286. — Fracture  of  rib  with  callus,  seen  in  section.    The  broken  ends  are  shown 
overlapping  each  other.    These  are  enclosed  in  a  sheath  of  callus.    Natural  size. 

the  bone  itself  partakes  in  the  process,  so  that  it  is  opened  out  by 
a  rarefying  ostitis.  We  have  thus  a  vascular  granulation  tissue 
formed  in  these  three  situations,  but  its  amount  varies  greatly  accord- 
ing to  circumstances. 
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From  this  tissue  the  Callus  is  formed.  This  name  is  given  to  the 
new-formed  tissue  which  in  the  first  instance  unites  the  broken  ends 


the  bones.    It  may  be  of  considerable  bulk  as  shown  in  Fi°\  286 
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so  as  to  form  a  kind  of  case  for  the  fractured  ends.  The  callus, 
as  shown  in  Fig.  287,  consists  under  varying  circumstances  of  Different 
forms  of  connective  tissue.  The  formative  cells  produced  in  the 
way  mentioned  above  have  the  characters  variously  of  osteoblasts, 
fibroblasts,  or  chondroblasts,  and  may  develop  bone  (c,  c,  c  in  figure), 
cartilage  (b,  b,  6),  or  connective  tissue  (d,  d,  d).  The  form  of  tissue 
thus  produced  seems  to  depend  on  the  condition  of  the  parts  as  to 
movement.  In  parts  where  there  is  little  movement  bone  will  form, 
where  there  is  much  movement  fibrous  tissue,  while  cartilage  takes 
an  intermediate  position.  From  this  it  arises  that  in  man,  where  the 
bones  are  usually  kept  rigid  by  splints,  the  callus  is  formed  chiefly 
of  bone,  whereas  in  animals  it  is  largely  formed  of  cartilage  and 
fibrous  tissue.  But  in  man,  where  circumstances  do  not  allow  of  the 
parts  being  kept  at  rest,  then  we  have  cartilage  and  fibrous  tissue 
along  with  bone.    This  was  the  case  in  the  specimen  from  which 


Fig.  2S8.— Healed  fracture  of  skull.  A  severe  injury  was  inflicted  years  before. 
The  parts  had  become  completely  consolidated  and  the  edges  rounded,  but  with  the 
displacements  shown. 

Figs.  286  and  287  were  taken.  A  number  of  fractures  had  occurred  in 
the  ribs  in  an  insane  person,  and  they  were  only  discovered  after  death. 
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It  not  infrequently  happens  that  a  Piece  of  bone  is  detached  and 
isolated.  This,  however,  does  not  interfere  with  the  process  of  heal- 
ing. If  small,  the  piece  of  bone  will  survive,  and,  having  acquired 
vascular  adhesions,  will  undergo  a  rarefying  ostitis  and  assist  in  the 
production  of  callus.  If  large,  or  if  unfavourably  situated,  it  may  die, 
and  in  that  case  it  undergoes  absorption  by  the  granulation  tissue 
(see  under  Necrosis).  In  compound  fractures  it  is  not  uncommon 
to  see  a  piece  of  dead  bone  eaten  into  and  penetrated  by  granulations. 

The  callus  produced  as  above  is  generally]  described  as  Provisional 
callus,  because  much  of  it  is  removed  before  complete  restoration. 
Names  are  also  given  according  to  the  position  of 
the  callus.  External  callus  is  formed  at  the  sur- 
face from  the  subperiosteal  layer,  Internal  callus 
is  formed  from  the  bone-marrow  and  endosteum, 
while  Intermediary  callus  is  between  the  ends  of 
the  bones  and  produced,  to  some  extent  at  least, 
from  the  bone  itself. 

When  the  bones  are  fully  united  any  excess  of 
callus  is  disposed  of,  and  little  is  left  but  what  is 
necessary  to  fill  up  the  space  between  the  frag- 
ments as  seen  in  Fig.  288.  There  also  occurs  a 
process  of  moulding  by  which  the  architecture  is 
restored  according  to  the  principles  already  men- 
tioned. When  the  bone  comes  again  into  active 
use  there  is  an  absorption  and  new-formation  so 
as  to  enable  the  bone  to  resist  the  pressure  and 
traction  to  which  it  is  liable.  Where  the  bones 
are  united  considerably  out  of  position  as  in  Fig. 
289,  the  internal  architecture  is  greatly  modified. 

From  what  has  gone  before  it  appears  that  the 
amount  of  actual  bone  entering  into  the  callus 
varies  greatly,  and  there  may  be  more  fibrous 
tissue  ultimately  than  bone.  This  occurs  especially 
when  the  parts  are  not  kept  at  rest.  On  the  other 
hand  the  whole  process  may  be  a  very  inactive 
one  and  from  tearing  of  vessels  or  otherwise  the 
blood-supply  may  be  deficient.  In  such  ways  as 
these  arise  Ununited  fractures,  in  which  the  bones 
are  connected  with  fibrous  tissue.  In  some  cases 
there  is  even  a  kind  of  False  joint  or  Pseud- 
arthrosis  formed,  with  smooth  articulating  surfaces  and  an  approach 
to  a  synovial  cavity. 


Fig.  289.— United  Frac- 
ture of  tibia  and  fibula 
with  displacement.  The 
ends  ride  over  each  other, 
and  thei-e  is  much  per- 
manent new-formed  bone 
to  unite  them.  The  tibia 
and  fibula  are  also  united 
by  bone. 
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2.  Transplantation  of  bone. — It  has  usually  been  stated  that,  when 
pieces  of  the  periosteum  are  transplanted,  they  proceed  to  the  forma- 
tion of  bone.  This  is  only  true  in  regard  to  the  deep  layer  of  the 
periosteum,  or  more  properly  the  subperiosteal  layer.  The  periosteum 
proper,  consisting  of  fibrous  tissue,  is  incapable  of  producing  bone. 
On  the  other  hand  the  bone  itself,  or  the  tissue  in  its  various  cavities, 
as  well  as  the  endosteum,  is  capable,  as  we  have  seen,  of  forming 
bone.  Hence  a  transplantation  of  periosteum,  including  the  sub- 
periosteal layer,  or  of  pieces  of  bone,  may  be  followed,  not  only  by 
survival  of  the  pieces,  but  by  new-formation  of  bone  from  them. 

Transplantation  of  the  periosteum  is  not  an  uncommon  pathological 
process.  The  periosteum  may  be  raised  by  the  accumulation  of  pus 
beneath  it,  or  it  may  be  stripped  off  by  an  injury,  and  in  that  case,  if 
the  ossifying  layer  be  preserved,  ossification  occurs.  This  fact  is 
sometimes  taken  advantage  of  by  surgeons,  who  detach  the  periosteum, 
and  displace  it  with  a  view  to  the  ultimate  formation  of  bone. 

The  Transplantation  of  bone  itself  has  been  demonstrated  chiefly 
by  Macewen.  It  is  apparent  from  his  observations  that  bone,  contrary 
to  what  might  be  expected,  has  great  power  of  retaining  its  vitality 
when  detached  from  its  connections.  A  piece  of  bone  transplanted 
will,  even  when  of  considerable  size,  survive  long  enough  to  acquire 
fresh  vascular  connections,  and,  in  accordance  with  what  occurs  in 
transplanted  structures  generally,  it  will  often  proceed  to  grow  in  its 
new  position.  Accidental  transplantation  must  often  occur  in  con- 
nection with  fractures,  and  the  detached  piece  of  bone,  as  mentioned 
above,  usually  survives. 

Advantage  has  been  taken  of  these  facts  in  an  ingenious  way  by  Macewen.  In 
the  operation  of  trephining,  a  circular  piece  of  bone,  often  of  considerable  size, 
is  removed  from  the  skull.  This  piece  of  bone  may  be  preserved  during  a  sub- 
sequent operation  on  the  brain  and  reimplanted  in  the  gap,  at  the  close  of  the 
operation.  If  septic  contamination  is  prevented,  the  bone  survives  and  grows 
into  its  place,  filling  up  by  new-formed  tissue  the  interval  made  by  the  saw. 

Still  more  interesting  are  the  results  of  transplantation  in  the  treatment  of  a 
case  in  which  the  shaft  of  the  humerus  had  been  lost  by  necrosis.  In  this  case 
pieces  of  bone  removed  from  the  femurs  of  other  patients  (in  the  operation  of 
Osteotomy)  were  broken  up  into  small  pieces  and  inserted  among  the  muscles 
into  a  sulcus  where  the  shaft  of  the  bone  should  have  been.  By  three  operations 
the  bone  was  restored  to  the  extent  of  four  and  a  quarter  inches,  and  there  was 
a  subsequent  growth  in  the  course  of  seven  years  of  an  inch  and  three-quarters. 
This  case  demonstrates  that  pieces  of  the  bone  removed  from  one  person  to 
another  not  only  survive  but  grow  in  their  new  position.  Transplantation  from 
one  of  the  lower  animals  does  not  succeed,  the  foreign  bone  acting  as  an  irritant. 

Literature. — Malgaigne,  Traite  des  fract.  et  luxat.,  1855 ;  Guklt,  Handb.  d. 
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Lehre  v.  d.  Knochenbriichen,  1862;  Krafft,  in  Ziegler  and  Nauwerk's  Beitrage, 
1884 ;  Ollier,  Traite  de  la  regeneration  des  os,  1867 ;  Macewen,  Phil,  trans,  of 
Hoy.  Soc,  1881,  and  Annals  of  Surg.,  1887;  Macgregor,  Jour,  of  Anat.  and  Phys., 
xxvi.,  220. 


IX.—  SPECIFIC  NEW-FORMATIONS.    TUBERCULOSIS,  SYPHILIS, 
ACTINOMYCOSIS. 

1.  Tuberculosis  of  bone. — This  is  an  exceedingly  frequent  affection, 
and  one  attended  usually  by  very  serious  results.  The  lesions  to  be 
here  described  are  not  universally  recognized  as  tubercular  in  char- 
acter, although,  as  observation  widens,  the  dissentients  from  this 
vieM*  diminish.  The  term  Scrofulous  is,  here  as  in  other  structures, 
equivalent  to  tubercular.  Caries,  is  another  term  which,  as  will  be 
explained  below,  is  nearly  equivalent  to  certain  forms  of  tuber- 
culosis. 

Causation. — The  tubercle  bacillus  in  most  cases  reaches  the  bones 
by  the  blood.  In  a  large  proportion  of  cases  both  joints  and  bones 
are  affected,  and  it  is  not  determined  to  wrhat  extent  the  one  or  the 
other  is  the  primary  seat.  It  is  demonstrable  that  primary  disease 
of  the  bones  frequently 
extends  to  the  joints, 
and  it  may  afterwards 
attack  other  bones  en- 
tering into  the  articula- 
tion. On  the  other 
hand  when  primarily 
affecting  the  joint  it 
may  extend  to  the  bones 
concerned  in  the  joint. 
It  is  probable,  however, 
that  in  the  great  major- 
ity of  cases  the  bones 
are  primarily  affected, 
although  the  lesion  in 
the  bone  may  be  so 
small,  and  the  parts  so 
altered  by  subsequent 
changes,  that  it  may  be 
difficult  to  demonstrate 
the  exact  commencement. 

The  tuberculosis  begins  in  the  spongy  parts  of  the  bones.  It  is 
very  common  in  bones  which  are  largely  composed  of  spongy  tissue, 


Fig.  290. — Tuberculosis  of  vertebras.  The  intervertebral 
cartilage  is  destroyed,  and  the  disease,  as  shown  by  the 
white  colour  (due  to  caseous  necrosis),  is  invading  the 
bodies.    In  the  upper  there  is  a  small  isolated  patch. 
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as  the  vertebrae  and  the  bones  of  the  hands  and  feet,  while  in  the 
long  bones  it  affects  chiefly  the  articular  extremities.  In  the  case 
of  the  vertebrae,  it  mostly  affects  simultaneously  the  proximate  surfaces 
of  two  bodies  (see  Fig.  290),  as  if  it  took  origin  in  the  intervertebral 
cartilage.  In  this  respect  the  author's  observations  correspond  with 
those  of  Wilks  and  Moxon. 

While  spongy  bone  evidently  forms  a  favourable  nidus  for  the 
tubercle  bacillus,  there  are  two  further  predisposing  elements  fre- 
quently traceable.  Tuberculosis  is  most  frequent  in  young  persons, 
the  actively  growing  bone  apparently  predisposing  to  it.  This  applies 
especially  to  the  bones  of  the  extremities,  and  to  a  less  degree  to 
the  vertebrae.  Injury  is  the  other  predisponent.  This  is  a  fact  of 
clinical  observation  which  has  been  confirmed  by  the  experiments 
of  Schiiller,  who  found  that  after  injecting  tubercle  bacilli  into  the 
blood,  he  could  induce  tuberculosis  of  the  joints  by  inflicting  injuries 
such  as  otherwise  would  be  readily  recovered  from. 

Characters  of  the  lesion. — The  tuberculosis  affects  primarily  the 
soft  tissue  or  medulla  contained  in  the  meshes  of  the  cancellated 
tissue,  and  secondarily  the  bony  trabecule.  The  spaces  become  occu- 
pied by  round-celled  or  granulation  tissue,  in  which  tubercles  of 
typical  structure  are  visible.  The  granulation  tissue  eats  into  the 
bony  trabecular,  so  that  the  latter  may  be  entirely  destroyed  in  the 
affected  area.  More  frequently  necrosis  occurs  in  the  tubercular 
new-formation  before  the  bone  is  entirely  destroyed.     The  form  of 

necrosis  is  caseation,  and  in  a  case  of  any 
standing  the  presence  of  the  disease  is 
evidenced  by  the  presence  of  yellow  case- 
ous matter  occupying  a  certain  portion 
of  the  cancellated  tissue.  This  is  shown 
in  Fig.  290.  In  this  area  there  are  the 
thinned  remains  of  the  bony  trabecular, 
which  are  also  necrosed.  As  the  disease 
is  an  advancing  one,  the  more  recent 
affection  will  extend  beyond  the  caseous 
area. 

The  bone  so  affected  has  lost  much  of 
its  mechanical  power  of  resistance,  so 
that  in  the  case  of  the  vertebra?  the 
bodies  collapse  and  lead  to  acute  curva- 
ture, as  in  Fig.  291,  while  in  other  cases 
the  bones  are  eroded  and  worn  down  by  the  friction  at  the  joints.  In 
some  cases  the  necrosis  leads  to  the  formation  of  a  Cavity  in  the  bone. 


Fig.  291. — Acute  curvature  from 
tuberculosis.  The  bodies  of  two 
vertebrae  have  been  destroyed,  while 
the  ones  above  and  below  have  coal- 
esced at  a.  The  spinous  processes  are 
also  anchylosed. 
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This  may  be  from  softening  of  the  caseous  tissue,  but  in  some  cases 
the  necrosed  piece  is  separated  as  a  kind  of  Sequestrum  which  may 
be  found  lying  in  the  cavity.  In  either  case  the  walls  of  the  cavity 
are  lined  with  tuberculous  granulation  tissue.  In  the  case  of  small 
bones,  such  as  those  of  the  foot  or  hand,  which  are  thus  excavated, 
there  may  be  a  complete  collapse  of  the  bone,  so  that  it  is  more 
or  less  destroyed. 

It  is  to  certain  of  the  conditions  indicated  above  that  the  term  Caries  is  sometimes 
applied.  The  characteristics  of  caries  are,  rarefaction  of  the  bone,  which  here 
is  produced  by  the  encroachment  of  the  tuberculous  tissue  ;  undue  softness  of 
the  bone,  so  that  it  is  eroded 

and  generally  exposed  at  an    f  ''"  ~~ 

articular  surface  or  in  the 
wall  of  a  cavity  ;  the  pre- 
sence of  caseous  matter, 
along  with  prominent  and 
flabby  granulation-tissue, 
whence  the  name  Fungous 
caries.  (See  further  under 
Diseases  of  the  Joints.) 

The  tuberculous  bone 
is  a  centre  of  irritation, 
and  there  usually  fol- 
lows a  suppurative  pro- 
cess which  is  frequently 
slow  in  developing. 
The  resulting  Cold  ab- 
scesses (see  Fig.  292) 
are  most  typically  seen 
in  connection  with 
tuberculosis  of  the  ver- 
tebrae. The  matter, 
consisting  of  caseous 
debris  with  pus-cor- 
puscles and  serous 
fluid,  may  travel  con- 
siderable distances, 
forming,  according  to 
the  place  where  it  comes 
to  the  surface,  the  Lum- 
bar, Psoas,  or  other  abscess.  The  whole  track  of  the  abscess  is  liable 
to  be  infected  by  the  tuberculosis  so  that  there  may  be  an  extensive 
tubercular  surface. 


Fig.  202. — Tuberculosis  of  vertebra?  with  abscess.  The 
abscess  has  extended  upwards  and  downwards  in  front  of 
the  vertebra;,  impinging  on  the  oesophagus.  Through  the 
latter  a  piece  of  whalebone  has  been  passed. 
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Healing"  of  the  tuberculosis  occurs  not  infrequently.  It  may  take 
place  before  any  considerable  extension  of  the  process,  the  tissues 
overcoming  the  tubercular  infection,  and  ultimately  absorbing  the 
necrosed  products.  But  it  also  occurs  after  the  process  of  softening 
and  formation  of  abscesses.  In  that  case  when  the  tuberculous 
matter  has  been  cleared  out,  healthy  granulation  tissue  will  be 
produced.  This  may  produce  new  bone,  so  as  to  some  extent  to 
regenerate  and  replace  that  which  has  been  lost.  Where  there  has 
been  much  erosion  or  collapse,  the  new-formation  will  do  little  towards 
restoration,  and  will  rather  tend  to  fix  the  bones  by  Anchylosis  in 

the  position  which  they  may  have 
assumed.  In  Fig.  293  for  example, 
the  anterior  parts  of  the  bodies  of 
the  third  and  fourth  cervical  ver- 
tebrae have  been  destroyed  and  a 
piece  of  dense  bone  (at  a)  has  been 
formed  to  act  as  a  support.  This 
has  confirmed  the  acute  curvature 
which  is  shown  by  the  direction' 
of  the  spinal  canal.  In  Fig.  291 
also,  there  has  been  a  complete 
collapse  of  two  bodies,  whose  spin- 
ous processes  have  coalesced  (at  b) 
while  the  bodies  of  the  vertebrae 
above  and  below  have  also  coal- 
esced (at  a). 

While  healing  may  thus  occur, 
the  tubercular  virus  may  still  linger 
about  the  parts,  and  on  the  occur- 
rence of  a  favourable  opportunity 
it  may  renew  its  advance.  In  the 
case  from  which  Fig.  291  was  taken, 
for  example,  the  history  showed 
what  appeared  to  be  a  complete 
recovery  (with  curvature)  three 
recent  onset  ending  in  tubercular 


Pig.  293.— Healed  tuberculosis.  The  bodies 
collapsed  anteriorly.  Dense  bone  produced  at 
a  to  form  a  support.  Permanent  curvature 
and  narrowing  of  spinal  canal. 


years  before  death,  but  a  more 
pleurisy  led  up  to  the  fatal  issue. 

The  tubercular  process  is  accompanied  by  the  ordinary  phenomena 
of  chronic  inflammation,  so  that  in  the  neighbourhood  there  is  usually 
new-formation  of  bone,  chiefly  subperiosteal,  and  the  surface  of  the 
bone  may  be  rough  with  irregular  projections. 

2.  Syphilitic  affections  of  bone. — The  Lesions  of  tertiary  syphilis 
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have  usually  their  seat  of  origin  in  the  periosteum,  although  the 
subjacent  bone  may  be  simultaneously  involved.  The  condition  may 
be  briefly  described  by  stating  that  gummata  are  produced,  while 
inflammation  occurs  in  the  neighbourhood. 

Gummata  of  the  usual  structure  are  produced  in  the  internal  layers 
of  the  periosteum,  and  there  is  thickening  of  the  periosteum  around. 
This  membrane  being  tightly  stretched  over  the  tumour,  the  swelling 
is  hard  to  the  feeling,  but  often  with  a  certain  elastic  resistance. 
The  gumma  undergoes  caseous  necrosis  in  its  central  parts,  but 
advances  peripherally,  and  as  it  advances  against  the  bone  it  causes 
erosion  of  it.  The  advance  is  in  the  first  instance  along  the  vessels, 
and  as  erosion  occurs  around  them  a  worm-eaten  appearance  is  pro- 
duced in  the  bone.  Beneath  the  gumma,  which  has  most  frequently 
its  seat  on  the  bones  of  the  skull,  especially  the  frontal  bone,  there 
may  be  thus  considerable  loss  of  substance,  so  that  even  the  entire 
thickness  of  the  skull  may  be  penetrated.  The  caseous  material  often 
undergoes  softening,  and  suppuration  ensues ;  there  may  be  very 
obstinate  and  even  progressive  ulcers  produced.  Without  ulceration 
the  gumma  may  undergo  resolution,  and  a  cicatricial  depression  result, 
or  after  ulceration  healing  may  occur. 

Along  with  these  processes  immediately  related  to  the  gumma, 
there  are,  in  the  neighbourhood,  conditions  referable  to  inflammation. 
The  bone  around  is  condensed  by  new-formation  filling  up  the 
medullary  spaces,  and  there  is  sometimes  a  thickening  of  the  bone 
by  subperiosteal  inflammation.  This  is  much  less  common  in  the 
skull  than  in  the  long  bones,  especially  those  of  the  legs,  where  it 
sometimes  leads  to  a  very  striking  hypertrophy  of  the  bone,  whose 
surface  is  exceedingly  rough  from  the  loss  of  substance  in  some  parts, 
-and  the  irregular  new-formation  in  others.  The  bone  around  the 
syphilitic  defect  or  ulcer  is  dense  bone,  and  in  this  respect  contrasts 
very  markedly  with  that  around  the  ulceration  in  tuberculosis. 

Congenital  syphilis  leads  to  important  changes  in  the  bones,  which, 
according  to  Wegner,  occur  in  a  large  proportion  of  syphilitic  foetuses. 
The  lesions  affect  the  structures  concerned  in  the  processes  of  ossifica- 
tion, and  in  this  respect  resemble  those  of  rickets,  but  they  partake 
more  of  the  inflammatory  character,  thus  agreeing  with  the  lesions  of 
hereditary  syphilis  generally  (see  p.  221). 

In  the  Cranial  bones  the  periosteum  is  thickened  by  inflammation, 
and  this  leads  to  softening  of  the  bone  beneath.  Craniotabes  is  a 
frequent  result,  the  bone  being  lost  in  parts  exposed  to  pressure  when 
the  child  is  lying,  and  the  brain  being  so  far  covered  only  by  the 
soft  parts. 

2  N 
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In  the  Long  bones  the  ossifying  border  is  the  part  affected.  The 
cartilage  cells  undergo  excessive  proliferation,  as  in  rickets,  and  there 
is  an  irregular  calcification  of  the  matrix.  Beneath  this  the  proper 
ossifying  zone  frequently  shows  a  new-formation  of  granulation  tissue 
or  pus,  so  as  to  produce  a  soft  layer  almost  interrupting  the  continuity 
of  the  bone.  There  may  be  a  partial  necrosis  of  the  calcified  cartilage. 
The  whole  process  occurs  very  irregularly,  the  ossifying  part  of  the 
bone  being  swollen  and  occupied  by  calcified  and  proliferating  cartilage 
and  inflammatory  tissue,  while  true  ossification  is  delayed  and  occurs 
irregularly.  A  not  infrequent  consequence  is  a  partial  fracture  of  the 
bone  or  a  Separation  of  the  epiphysis. 

The  disease  affects  many  bones,  but  may  present  different  degrees. 
According  to  Wegner  the  usual  seats,  in  order  of  frequency,  are,  lower- 
end  of  femur,  lower  ends  of  bones  of  leg  and  forearm,  and  upper  end 
of  tibia. 

3.  Actinomycosis  in  bone. — This  affection  occurs  in  the  bones  of 
the  face,  and  sometimes,  by  extension,  in  the  vertebrae,  sternum,  etc. 
The  lesions  somewhat  resemble  those  of  tuberculosis,  the  new-formed 
granulation  tissue  opening  up  the  bone  and  leading  to  caries.  The 
granulations,  however,  are  more  exuberant  and  there  is  no  caseous 
necrosis,  but  rather  a  tendency  to  suppuration. 

Literature.  —  Tuberculosis — Nelaton,  L'aft'ection  tuberculeuse  des  os,  1857;  Volk- 
mann,  Arch.  f.  Klin.  Chir.,  iv.  ;  Menzel,  Die  Haiifigkeit  der  Caries  in  den  verschied. 
Knochen,  ibid.,  xii. ;  Friedlander,  in  Volkmann's  Sammlung,  No.  64 ;  Schuller, 
Ueber  die  Enstehung  d.  tub.  Gelenkleiden,  1880 ;  Vincent,  in  Internat.  Encycl.  of 
Surg.,  vi.,  1886  (with  French  literature).  Syphilis — Virchow,  Krank.  Geschwulste, 
ii.,  1865;  Canton,  Path,  trans.,  xiii.,  1862;  Eicord,  Traite  des  malad.  vener.,  1851; 
Lang,  Vorles.  lib.  Syph.,  1885;  Wegner,  Virch.  Arch.,  1.,  1870;  Stilling,  ibid., 
lxxxviii.,  1882;  Muller,  ibid.,  xcii.,  1883;  Parrot,  Arch,  de  Phys.,  iv.,  1872; 
Cornil  et  Ranvier,  Man.  d'hist.  path.,  i.,  444,  1881. 

IX. — SPINAL  CURVATURES. 

Introductory. — The  spinal  column  is  composed  of  vertebrae  whose 
bodies  are  separated  by  elastic  fibro-cartilages.  The  vertebrae  arti- 
culate with  each  other  at  four  other  points,  two  on  the  upper  and 
two  on  the  lower  surface  of  the  arch.  They  are  also  bound  together 
by  firm  ligaments  in  front  of  and  behind  their  bodies.  The  effect  of 
these  various  connections  is  that,  even  when  the  spine  is  separated 
from  all  its  attachments  except  the  ligaments,  it  retains  its  general 
form,  and  its  natural  conformation  may  be  studied  after  its  removal 
from  the  body. 

When  seen  in  profile  the  spine  presents  the  well-known  antero-posterior  curves, 
the  convexity  being  forwards  in  the  cervical  and  lumbar  regions,  and  backwards  in 
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the  dorsal.  These  curves  are  capable  of  considerable  variation  in  the  movements 
of  the  body.  The  whole  of  the  curves  may  be  obliterated  and  converted  into  a 
general  convexity  backwards  by  stooping  forwards,  as  when,  with  the  arms  ex- 
tended and  the  legs  straight,  an  attempt  is  made  to  touch  the  toes  with  the  tips  of 
the  fingers.  By  arching  the  body  backwards  the  dorsal  curve  may  be  partially 
obliterated,  and  a  general  convexity  forwards  produced.  It  appears,  therefore,  that 
the  spine  is  capable  of  considerable  antero-posterior  movement.  These  antero- 
posterior movements  imply  a  considerable  degree  of  compressibility  of  the  inter- 
vertebral cartilages.  The  combined  cartilages  occupy  about  a  fifth  of  the  entire 
length  of  the  spinal  column,  and  their  compressibility  may  be  inferred  from  the 
fact  that  during  the  retention  of  the  erect  posture  the  entire  length  of  the  column 
gradually  diminishes,  so  that  the  stature  is  usually  half  an  inch  to  three-quarters 
less  at  night  than  in  the  morning.  This  is  believed  to  be  due  chiefly  to  the  com- 
pression of  the  cartilages,  which  recover  at  night  when  the  recumbent  posture  is 
assumed.  The  antero-posterior  movement  of  the  spine  is  freest  in  the  cervical  and 
lumbar  regions,  and  most  limited  in  the  dorsal. 

The  spine  is  capable  to  a  much  more  limited  extent  of  lateral  movement.  The 
articulating  processes,  being  situated  on  either  side  of  the  arches,  prevent  any 
considerable  lateral  deviation,  as  they  become  locked  against  each  other  when  that 
occurs.  If  the  surfaces  of  these  processes  were  horizontal,  facing  one  another 
above  and  below,  then  they  might  allow  of  freer  lateral  movement,  but  the  more 
they  assume  the  perpendicular  position,  and  the  more  they  face  inwards  and 
outwards,  the  greater  is  the  impediment  to  lateral  movement.  It  will  be  found 
that  on  passing  from  above  downwards  the  articulating  surfaces  assume  more  and 
more  of  a  perpendicular  position.  In  the  cervical  region  they  are  oblique,  and  face 
slightly  inwards  and  outwards ;  in  the  dorsal  they  are  more  perpendicular  and  face 
nearly  forwards  and  backwards,  while  in  the  lumbar  region  they  are  nearly 
perpendicular,  and  face  each  other  nearly  inwards  and  outwards.  In  this  way  it 
occurs  that  while  lateral  movement  is  limited  in  all  regions  it  is  almost  impossible 
in  the  lumbar  region.  For  a  similar  reason,  twisting  of  the  spine  on  its  axis  is 
possible  to  a  very  limited  extent. 

The  question  of  the  existence  of  a  natural  lateral  curvature  has  been  matter  of 
dispute.  It  is  generally  stated  that  there  is  a  slight  lateral  deviation  to  the  right 
in  the  upper  dorsal  region,  and  this  is  usually  ascribed  to  the  more  frequent  and 
forcible  exertion  made  with  the  right  arm ;  but  the  existence  of  this  curve  has  been 
seriously  questioned  (Adams).  The  late  Dr.  Foulis  in  110  post-mortem  examina- 
tions found  lateral  deviation  in  no  less  than  58  cases.  He  did  not  observe  it 
specially  in  the  upper  dorsal  region  or  towards  the  right,  and  concluded  that  it  was 
due  to  the  positions  habitually  assumed  by  the  persons  at  their  various  trades.  We 
may  perhaps  conclude  that,  normally  there  is  no  lateral  curvature,  but  that  a  very 
slight  permanent  deviation  is  often  assumed  when  a  frequently  repeated  position  of 
the  body  predisposes  to  it. 

Forms  of  spinal  curvature. — The  function  of  the  spine  is  to  support 
the  structures  attached  to  it,  and  to  hold  the  head  erect,  the  latter 
function  being  in  man  the  more  prominent  one.  Any  single  curvature 
of  the  spine  will  have  the  tendency  to  remove  the  head  from  the 
erect  position,  and  tilt  it  backwards  or  forwards  or  to  one  side,  and 
in  order  to  preserve  the  erect  position  there  is  required  a  curvature 
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in  the  opposite  direction.  The  natural  antero-posterior  curves  are 
in  this  sense  mutually  compensatory,  the  lumbar  restores  the  position 
lost  by  the  sacral  curve,  and  the  cervical  that  of  the  dorsal.  When 
abnormal  curvatures  occur  there  is  a  tendency  to  a  similar  com- 
pensation, so  that  these  curvatures  may  be  divided  into  Primary 
and  Secondary.  It  will  not  be  necessary  to  consider  in  detail  the 
secondary  curvatures  ;  their  amount  and  direction  may  be  inferred 
from  those  of  the  primary  ones.  It  may  be  stated,  however,  that 
there  are,  frequently,  several  secondary  or  compensating  curves,  the 
spine  presenting  several  sinuosities  in  order  to  reach  the  stable 
position  for  the  head. 

1.  Antero-posterior  curvature. — There  are  two  quite  distinct  forms 
of  antero-posterior   curvature,   the  curve  in  the  one  form  being 

rounded,  and  mainly  an 
exaggeration  of  the  natural 
curvature,  and  in  the  other 
sharp  or  angular. 

(a)  Angular  curvature. 
Pott's  disease  of  the  spine. 
—This  depends  on  disease 
or  injury  to  the  bodies  of 
the  vertebrae.  For  the 
most  part  it  is  a  Local 
tuberculosis  of  one  or 
more  of  the  bodies  with 
the  caseous  necrosis  and 
caries  described  above  (see 
Fig.  291).  The  softened 
bodies  of  the  vertebrae  give 
way  under  the  superincum- 
bent weight,  and  the  spine 
is  bent  at  a  sharp  angle, 
the  spinous  processes  be- 
coming unduly  prominent 
behind.  The  affection  of 
the  bodies  may  be  unsym- 
metrical,  and  if  collapse  be 
more  at  one  side  than  the 
other  the  angular  curvature  will  not  be  exactly  antero-posterior. 

This  form  of  curvature  is  more  rarely  due  to  traumatic  causes, 
as  crushing  of  the  bodies  by  heavy  weights  falling  on  the  head  or 
back,  or  by  a  fall  from  a  height.    This  condition  is  shown  in  Fig. 


"  iFig.  294.— Vertebra  crushed  and  part  of  it  displaced 
backwards  so  as  to  injure  the  cord.  There  was  acute 
curvature  and  paralysis.  (The  curvature  is  not  shown  in 
figure  as  the  parts  have  been  replaced  so  as  to  display  the 
lesion.) 
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294  where  a  vertebra  is  seen  crushed  and  with  part  of  it  displaced 
against  the  cord.  This  may  lead  immediately  to  an  angular 
curvature. 

It  is  worthy  of  special  notice  that  angular  curvature  is  much 
more  obvious  in  the  dorsal  region  than  elsewhere,  as  it  here  increases 
the  natural  posterior  curvature.  In  the  cervical  and  lumbar  regions, 
where  the  natural  convexity  is  forwards,  there  may  be  a  rounded 
posterior  curvature  produced,  or,  even  with  extensive  disease,  there 
may  be  very  little  posterior  curvature  visible  externally. 

The  spinal  cord  is  not  necessarily  injured  by  angular  curvature,  but 
in  many  cases  it  is  crushed  and  interrupted.  It  may  be  so  even  during 
the  process  of  healing,  the  sclerosis  or  condensation  of  the  vertebra? 
sometimes  causing  further  shrinking  and  increase  of  the  curvature. 

(b)  Kyphosis  or  Posterior  curvature. — In  angular  curvature  the 
convexity  is  backwards,  and  the  name  kyphosis  is  sometimes  applied. 
The  term  is  more  commonly  employed  to  indicate  a  more  gradual 
rounded  curvature.  This  is  mainly  an  exaggeration  of  the  normal 
curvature  with  the  convexity  backwards  in  the  dorsal  region,  and 
is  due  chiefly  to  muscular  weakness  or  a  habit  of  stooping.  It 
is  most  frequent  in  children  and  old  people,  leading  in  its  most 
exaggerated  form  to  hump-back  (a  condition,  however,  which  is 
more  frequently  the  result  of  rotatory  curvature),  and  in  a  lesser 
degree  to  round  shoulders. 

(c)  Lordosis  or  Anterior  curvature. — In  this  condition  the  convexity 
of  the  curve  is  forwards,  and  the  tendency  of  it  is  to  throw  the 
head  backwards.  It  is  most  common  in  the  lumbar  region,  and  in 
the  majority  of  cases  is  due  to  rickets.  Rickets  when  it  affects  the 
pelvis  causes  the  sacrum  to  assume  a  more  horizontal  position  than 
normal,  and  in  order  to  retain  the  erect  position  the  lumbar  anterior 
curve  is  exaggerated.  It  may  also  be  produced  by  congenital  disloca- 
tion of  the  hip-joint  (stated  by  Adams  to  be  of  considerable  frequency), 
and  anchylosis  of  the  hip.  There  may  be  also,  but  rarely,  a  direct 
lordosis  in  the  lumbar  region  from  rickets,  the  natural  curvature 
being  increased  by  reason  of  the  softness  of  the  bones.  In  the  dorsal 
and  cervical  regions  lordosis  is  very  uncommon. 

2.  Lateral  curvature,  Rotatory  curvature,  Scoliosis. — In  the  intro- 
duction to  this  subject  we  have  seen  that  the  mechanism  of  the 
spine  allows  of  exceedingly  limited  lateral  deviation.  But  it  often 
happens  that  from  habitual  faulty  positions  at  work  or  otherwise 
there  is  a  frequently  repeated  tendency  to  lateral  deviation.  In 
that  case,  as  a  direct  displacement  is  not  possible,  there  may  be, 
especially  in  persons  constitutionally  weak,  a  deviation  with  partial 
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Rotation  of  the  vertebrae.  The  faulty  position  may  be  merely  the 
result  of  a  bad  habit,  of  standing  on  one  leg  for  instance,  so  as  to 
cause  obliquity  of  the  pelvis ;  or  it  may  be  from  sitting  in  a 
constrained  position  at  study  or  manual  labour,  so  that  either  the 
pelvis  is  oblique  or  the  arms  are  used  particularly  in  one  direction 
so  as  to  displace  the  centre  of  gravity  to  one  side  ;  or  there  may 
be  a  hysterical  contraction  of  the  muscles  of  the  scapula  lasting  for 
a  long  period  and  altering  the  centre  of  gravity  •  or  there  may  be 
an  obliquity  of  the  pelvis  from  one  leg  being  shorter  than  the 
other,  as  sometimes  in  rickets.  There  is  also  softening  of  the  bones 
in  rickets,  and  very  considerable  curvature  may  occur  when  this  is 
associated  with  obliquity  of  the  pelvis. 

The  mechanism  of  this  rotation  will  be  understood  from  the 
accompanying  diagram  (Fig.  295).    The  dark  outline  indicates  the 

natural  position  of  the  vertebra, 
the  dark  straight  lines  indicating 
the  natural  axis  and  the  direction 
of  the  transverse  processes.  When 
rotation  occurs  the  bodies  of  the 
vertebrae  move  round  so  as  to 
present  to  one  side  in  the  direction 
of  the  lines  a  a  and  a  <x,  while  the 
spinous  process  deviates  very  little. 
In  the  figure  the  centre  of  rotation 
is  just  behind  the  tip  of  the  spine, 
and  there  is  a  slight  deviation  of 
it ;  but  the  centre  of  rotation  may 
be  at  the  tip  of  the  spine,  and  with 
very  marked  rotation  of  the  ver- 
tebrae there  may  be  no  deviation 
of  the  spines. 

Lateral  rotatory  curvature  is  met 
with  chiefly  in  the  dorsal  and 
lumbar  regions,  being,  as  a  rule,  much  more  extreme  in  the  former, 
probably  from  the  greater  mobility  there  (see  Fig.  296).  There  is 
usually  curvature  in  both  these  regions,  the  two  curves  being  in 
opposite  directions,  and  one  of  them  in  a  certain  sense  secondary. 
It  is  not  possible,  however,  to  distinguish  rigidly  between  primary 
and  secondary  curves,  as  the  two  form  nearly  pari  passu ;  a  slight 
deviation  to  one  side  will  result  in  a  similar  curve  to  the  opposite 
side,  and  they  will  increase  together. 

We  have  seen  above  in  connection  with  Fig.  295  that  the  plane 
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Fig.  '295. — Diagram  showing  rotation  of  ver- 
tebra in  lateral  or  rotatory  curvature.  The 
various  lines  show  the  positions  of  the  body 
and  transverse  processes  in  the  different  de- 
grees of  rotation.  The  axis  of  rotation  is  be- 
hind the  tip  of  the  spinous  process,  where  the 
three  lines  meet.  (Adams.) 
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of  the  transverse  processes  is  altered  by  the  rotation  of  the  vertebras. 
An  examination  of  that  figure  will  show  that  the  transverse  process 
on  the  side  of  the  convexity  is  considerably  displaced  backwards,  and 
in  actual  cases  it  may  be  felt  projecting  under  the  skin.    If  the  curve 


Fig.  296.— Extreme  rotatory  curvature  affecting  chiefly  the  dorsal  vertebrae. 


be  in  the  dorsal  region  the  ribs  will  be  similarly  displaced,  and  their 
angles  will  project.  As  shown  in  Figs.  296  and  297,  the  rib  in  that 
case  commonly  makes  a  sharp  curve  at  its  angle,  so  that  it  is  greatly 
flattened  lateral^.  The  figure  also  shows  that,  in  such  a  case,  the 
capacity  of  the  corresponding  side  of  the  chest  is  greatly  diminished. 
The  vertebras  are  rotated  into  that  side  of  the  chest,  and  the  ribs 
are  flattened  towards  the  vertebras,  these  conditions  sometimes 
attaining  to  such  a  degree  that  the  bodies  of  the  vertebras  approach 
the  internal  surface  of  the  ribs.  There  is  consequently  great  re- 
duction in  the  capacity  of  this  side  of  the  chest,  the  lung  being 
correspondingly  compressed  and  curtailed  in  its  movements.  It  will 
be  seen  also  that  posteriorly  there  is  prominence  of  the  angles  of 
the  ribs  on  the  side  corresponding  with  the  convexity  of  the  curve, 
while  anteriorly  the  breast  on  the  opposite  side  is  prominent. 

The  term  Spondylolisthesis  has  been  recently  introduced  to 
designate  a  rare  condition  in  which,  as  a  result  of  injury  or  inflam- 
mation, the  fifth  lumbar  vertebra  is  displaced  forwards  so  as  to 
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overhang  the  base  of  the  sacrum.  The  vertebra  carries  with  it  the 
whole  spinal  column  above  it  and  projects  into  the  pelvis  and 
narrows  it. 


Literature. — Pott,  Remarks  on  that  kind  of  Palsy  which  is  often  found  to  accom- 
pany curvature  of  the  spine,  1779 ;  Further  remarks,  etc.,  1782 ;  Ward,  Prac.  obs.  on 
distortions  of  spine,  etc.,  1822 ;  Shaw,  in  Holmes'  Syst.  of  Surg.,  1883 ;  Adamst 
Lectures  on  curvature  of  spine,  2nd  ed.,  1882 ;  Little,  in  Holmes'  Syst.  of  Surg., 
1883  ;  Neugebauer,  Zur  Entwickelung  d.  Spondylolisthesis  des  Beckens,  1882  ; 
also  New  Syd.  Soc.  transl.,  1888;  Swedlin,  Arch.  f.  Gynaek.  xxii.,  1883;  Kruken- 
berg,  ibid.,  xxv.,  1884. 


Fig.  297. — Diagrammatic  section  of  normal  chest  and  that  with  rotatory  curva- 
ture. In  the  latter  it  is  seen  that  the  body  of  the  vertebra  is  rotated  into  the 
right  side  of  the  chest,  the  rib  on  this  side  turning  at  an  unduly  sharp  angle.  The 
prominence  of  the  transverse  process  on  this  side  and  of  the  breast  on  the  opposite 
side  is  shown.    (Adams.)    This  illustration  may  be  compared  with  preceding  one. 


X.— TUMOURS  OF  BONE. 

The  tumours  of  bone  spring  from  the  active  tissue  which  enters 
into  the  composition  of  bone,  and  this  has  been  shown  to  be,  on 
the  one  hand,  the  medulla,  forming  not  only  the  marrow  of  the 
long  bones,  but  occupying  also  the  spaces  of  the  spongy  bone  and 
the  various  canals  of  the  dense  bone ;  and,  on  the  other  hand,  the 
subperiosteal  layer,  which  really  is  formed  of  the  same  tissue  as  the 
medulla.  The  tumours  of  bone  may  be  distinguished  according  as 
they  arise  from  the  medulla,  in  which  case  they  may  be  called 
Central  or  Myelogenous,  or  from  the  subperiosteal  layer  when  they 
are  designated  Peripheral  or  Subperiosteal.  Originating  in  these 
structures  the  tumours  of  bone  very  frequently  contain  bone  which 
is  produced  by  a  process  of  new-formation  in  the  tumour  itself. 
This  applies  more  particularly  to  the  fibrous,  cartilaginous,  and 
sarcomatous  forms,  but  even  in  cancers  there  is  sometimes  an  ossifi- 
cation of  the  stroma. 

The  primary  tumours  of  bone  belong  to  the  connective  tissue 
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series,  but  from  the  near  connection  of  some  of  the  bones  (especially 
the  jaws)  with  epithelial  structures,  we  may  have  tumours  composed 
of  epithelium,  such  as  cysts  and  cancers,  as  primary  tumours  involving 
the  bone.  Of  the  typical  tumours  the  commonest  are  the  Osteoma, 
Chondroma,  and  Fibroma,  while  the  Myxoma,  Lipoma,  and  Angioma 
constitute  rare  forms.  Amongst  the  atypical,  Sarcoma  in  various 
forms  is  somewhat  common  as  a  primary  tumour,  while  Carcinoma 
is  frequent  as  a  secondary  growth.  Cysts  are  frequent  in  the  bones 
of  the  jaws. 

Osteoma. — The  osseous  tumours  in  connection  with  bone  have  been 
distinguished  as  exostoses  when  they  grow  on  the  surface,  and  enos- 
toses  when  they  are  central.  The  former  are  much  the  commoner. 
According  to  structure  they  are  designated  ivory  exostoses  when  they 
are  composed  of  dense  bone,  and  spongy  exostoses  when  of  cancel- 
lated bone.  In  some  of  the  exostoses  the  bone  is  formed  from 
membrane,  in  others  from  cartilage,  so  that  a  layer  of  cartilage  covers 
the  surface  of  the  tumour  so  long  as  it  is  growing.  This  form  is 
sometimes  called  the  Cartilaginous  exostosis.    (See  p.  263.) 

It  may  be  added  that  Multiple  exostoses  are  of  occasional  occur- 
rence. In  the  case  from  which  Fig.  298  is  taken  (Virchow)  the 
patient,  a  boy  ten  years  of  age,  had  suffered,  during  the  course  of 
three  years,  from  repeated  attacks  of  rheumatism  affecting  the  joints 
and  muscles.  The  result  was  the  formation  of  sixty-five  exostoses 
on  various  bones  of  the  body.  Exostoses  also  occur  not  infrequently 
at  the  insertion  of  tendons,  growing  into  the  latter  and  sometimes 
even  separate  from  the  bones.  These  are  connected  in  their  origin 
with  the  contraction  of  powerful  muscles,  occurring  chiefly  where 
such  muscles  are  inserted,  and  sometimes  induced  by  specially  violent 
exercise  of  the  muscles. 

Fibroma.— These  tumours  are  mostly  peripheral,  but  they  have 
been  observed  also  centrally  in  the  lower  jaw,  vertebra?,  and  ends 
of  the  long  bones.  The  peripheral  ones  mostly  occur  in  the  bones 
of  the  face  and  cranium.  They  sometimes  grow  into  the  nares, 
forming  naso  pharyngeal  polypi.  In  structure  they  consist  of  an 
intricate  mesh  work  of  fibrous  tissue.  They  do  not  form  limited 
tumours,  but  grow  out  from  the  periosteum  over  a  considerable 
area,  and  are  firmly  adherent  to  the  bone.  Trabecule  of  bone 
frequently  traverse  the  tumour  tissue. 

Chondroma. — This  occurs  both  as  a  central  and  as  a  peripheral 
tumour.  The  characters  of  the  cartilage  vary  somewhat  in  different 
cases. 

The  central  chondroniata  originate  in  the  medulla,  especially  in 
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the  small  bones  of  the  hands  and  feet,  and  they  are  often  multiple. 
They  may  grow  till  they  distend  and  even  rupture  the  bony  shell 
(see  p.  261,  Fig.  98). 

The  peripheral  chondromata  occur  on  the  long  bones,  the  bones  of 
the  trunk,  and  those  of  the  head.    They  are  generally  nodulated. 

The  name  Osteoid  chrondrbma  has  been  given  by  Virchow  to 
a  form  of  tumour  which  merits  a  more  special  description.  The 
tumour  is  composed  essentially  of  tissue  such  as  we  find  in  the 
deep  layer  of  the  periosteum  of  a  growing  bone,  or  in  callus,  its 
main  constituents  being  osteoblasts.  The  cells  are  smaller  than 
cartilage  cells  and  mostly  round ;  they  do  not  possess  capsules. 
There  is  a  dense  intercellular  substance  which  has  a  somewhat 
fibrous  appearance.  In  the  midst  of  the  tissue  bits  of  true  cartilage 
may  be  found.  Being  formed  of  tissue  analogous  to  that  which  is 
preliminary  to  ossification  it  frequently  undergoes  calcification  and 
even  conversion  into  true  bone.  Such  tumours  form,  mostly,  under 
the  periosteum  of  the  long  bones,  and  their  seat  of  election  is  the 
lower  end  of  the  femur  or  the  upper  end  of  the  tibia,  originating 
probably  in  the  layer  of  osteoblasts  there,  and  they  may  grow  to 
large  dimensions.  They  thus  form  club-shaped  expansions  of  the 
long  bones  (Fig.  299).  On  section  the  tissue  is  found  to  be  dense, 
and  it  becomes  osseous  or  calcareous  on  passing  deeply,  where  it  is 
incorporated  with  the  bone.  The  medullary  cavity  of  the  bone  is 
often  filled  with  new-formed  bone.  This  form  of  tumour  sometimes 
presents  a  tendency  to  become  sarcomatous,  and  even  without  that 
it  may  recur  after  removal. 

Myxoma. — This  form  of  tumour  is  very  rare,  but  cases  have  been 
observed  of  both  central  and  peripheral  origin.  The  tissue  is  usually 
mixed  with  cartilage  or  other  tissue.  The  growing  tumour,  whether 
central  or  peripheral,  ' causes  atrophy  of  the  bone.  The  commonest 
seat  is  the  jaw-bones. 

Lipoma  is  still  more  rare.  Cases  have  been  described  in  the  upper 
jaw  and  tibia. 

Angioma. — Tumours  composed  of  blood-vessels  are  very  rare  in 
the  bones,  but  some  cases  are  recorded  in  which  cavities  filled  with 
blood  have  communicated  with  vessels.  These  cavities  have  been 
chiefly  at  the  ends  of  long  bones.  The  cavities  are  variously  re- 
garded. Some  consider  them  true  vascular  tumours,  others  believe 
they  are  produced  by  rupture  of  arteries,  and  are  False  aneurysms, 
while  others  assert  that  they  originate  from  sarcomas  whose  vessels 
have  enlarged.  The  name  Haematoma  is  also  applied  in  the  view 
that  they  originate  in  hemorrhage. 
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Fig.  298.— Multiple  exostoses  of  femur,  tibia,  and  fibula. 
These  are  grouped  towards  the  ends  of  the  diaphyses.  At  its 
lower  end  the  fibula  is  flattened  by  the  exostoses  growing  out 
from  the  tibia.  From  a  boy  ten  years  of  age.  One  third  the 
natural  size.  (Virchow.) 

Fig.  299. — Osteoid  chondroma  of  the  tibia,  divided  obliquely. 
At  the  upper  extremity  the  tumour  has  surrounded  the  carti- 
lages of  the  knee,  and  new-formed  cartilages  have  been  pro- 
duced. Internally  the  bone  is  condensed  by  the  new-formation 
of  bony  masses.    From  a  boy  13  years  of  age.  (Virchow.) 
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Besides  these  tumours,  others  may  be  so  highly  vascular  as  to  be 
pulsatile  during  life.    This  applies  especially  to  the  soft  sarcomas. 

Cysts.  Cystoma. — Cysts  occasionally  arise  in  bone  by  softening 
of  the  tissue  of  other  tumours  or  of  the  bone-marrow  itself.  Fig. 
300  represents  a  case  in  which  the  head  of  the  fibula  was  distended 

by  a  unilocular  cyst  which  contained 
serous  fluid  and  was  lined  by  a  vas- 
cular membrane. 

Cysts  of  the  jaws  merit  special 
attention.  These  originate  for  the 
most  part  near  the  alveolar  pro- 
cesses, and  are  probably  related  to 
the  teeth.  Some  of  them  are  single, 
Unilocular  cysts,  and  have  their  origin 
in  teeth  which  have  not  undergone 
the  usual  eruption.  A  tooth  or  pieces 
of  hard  substance  (dentine)  are  usually 
present  in  the  wall  of  the  cyst.  Others 
are  Multilocular  and  develop  out  of  a 
gland-like  tissue,  the  cells  of  which 
undergo  colloid  degeneration,  and  in 
this  way  form  cysts.  In  its  original 
structure  the  tumour  might  be  called 
an  adenoma,  and  a  considerable  por- 
tion of  it  is  sometimes  composed  of 
solid  glandular  or  epithelial  tissue. 
According  to  Eve  the  tumour  arises 
by  penetration  downwards  of  the 
epithelium  of  the  gums,  and  he  relates 
this  to  the  normal  penetration  of  this 
epithelium  in  the  foetus  in  order  to 
form  the  enamel  organ.  These  mul- 
tilocular cysts  are  mostly  innocent, 
but  sometimes  the  epithelium  is  less  regularly  arranged,  and  they 
approach  in  structure^and  tendencies  to  the  cancers.  Both  forms  of 
cysts  originate  in  the, interior  of  the  jaws  and  distend  them;  those 
in  the  upper  jaw  have  a  special  tendency  to  pass  into  the  antrum 
which  they  may  fill  out. 

Sarcomas. — These  form  the  most  important  group  of  tumours  of 
bone.    They  are  divisible  into  central  and  subperiosteal  forms. 

The  Central  or  Myelogenous  sarcomas  occur  in  the  lower  jaw 
and  in  the  cancellated  tissue  of  the  long  bones,  especially  the  femur,, 


Fig.  300.— Cyst  of  upper  end  of  fibula. 
The  upper  part  of  the  bone  is  expanded 
into  a  cyst  which  contained  a  reddish 
serous  fluid. 
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tibia,  and  humerus.  They  present  a  somewhat  varied  structure. 
Many  of  them  are  giant-celled  or  myeloid  sarcomas  (see  Fig.  301). 
Some  are  composed  of  large  round  cells,  which  may  resemble 
epithelial  cells ;  some  are  spindle-celled.  There  are  also  cases  in 
which  large  cells  exist  in  nests,  forming  an  alveolar  sarcoma,  which 
resembles  cancer. 

The  central  sarcomas,  originating  in  the  bone-marrow  or  in  the 
substance  of  the  bone, 
destroy  in  their  growth 
the  bone-tissue.  In  this 
way  they  frequently 
work  their  way  to  the 
surface,  destroying  the 
continuity  of  the  bone. 
Spontaneous  fracture  is 
the  result.  This  is  well 
seen  in  Fig.  302,  which 
represents  the  upper 
part  of  a  central  myeloid 
sarcoma.  Below  there 
is  a  bulky  tumour  dis- 
tending the  lower  end 
of  the  femur  (not  shown 
in  figure).  A  spon- 
taneous fracture  has 
occurred  and  the  upper 
fragment  is  shown.  The  tumour  is  growing  in  the  medullary  cavity 
of  the  shaft  and  has  eroded  the  bone  on  either  side  so  that  the 
dense  bone  tapers  off.    The  fracture  has  been  thus  produced. 

In  some  cases  the  sarcomatous  tissue  almost  entirely  replaces  the  proper  bone, 
the  condition  suggesting  a  new-formation  in  the  entire  medulla.  This  is  strikingly 
the  case  in  a  preparation  in  the  Museum  of  the  Western  Infirmary.  Here  the 
entire  humerus  is  replaced  by  a  bulky  tumour  consisting  of  round  and  spindle- 
shaped  cells,  no  trace  of  the  bone  persisting  except  the  condyles.  The  arm  was 
amputated,  but  a  precisely  similar  tumour  developed  in  the  other  humerus,  which 
was  also  amputated. 

The  Subperiosteal  sarcomas  (see  Fig.  303)  are  chiefly  round-celled 
or  spindle-celled,  but  in  the  case  of  the  jaws  they  may  be  giant- 
celled.  The  tumour  may  enclose  a  considerable  portion  of  the  bone, 
especially  in  the  case  of  the  long  bones,  and  may  present  a  some- 
what radiating  arrangement  from  the  shaft.  The  growing  tumour 
is  liable  to  erode  the  proper  tissue  of  the  bone,  as  shown  in  Fig.  303. 
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The  tissue  is  very  liable  to  undergo  ossification.  In  some  the  ossifica- 
tion is  so  striking  a  feature  that  the  whole  tumour  is  represented  by 
a  mass  of  dense  bone,  on  the  surface  of  which  the  sarcomatous  tissue 
is  present  as  a  comparatively  thin  layer.  To  this  form  the  term 
Osteoid  sarcoma  may  be  applied.    The  cells  on  the  surface  of  this 


tumour  are  variously  shaped,  and  the  bone  seems  to  arise  directly 
from  these  cells,  which  act  as  osteoblasts. 

The  sarcomas  of  bone  show  very  varying  degrees  of  Malignancy. 
They  grow  locally  at  the  expense  of  the  bone  as  in  Figs.  302  and 
303,  and  not  infrequently  encroach  on  neighbouring  structures,  some- 
times penetrating  into  the  joints.  Many  of  them  show  merely  this 
local  malignancy,  but  others  extend  by  metastasis  to  internal  parts. 
Even  the  highly  ossifying  forms  may  lead  to  secondary  tumours  in  the 
lungs,  the  secondary  tumours  showing  a  similar  ossifying  tendency. 

Carcinoma. — A  primary  cancer  can  scarcely  originate  in  bone, 
where  there  are  no  epithelial  elements.  In  the  jaws,  however,  we 
meet  with  what  are  practically  primary  cancers.  The  near  con- 
nection of  the  jaw-bones  with  the  gums  and  with  the  teeth,  whose 
enamel  organ  is  an  epithelial  structure,  explains  the  origin  of  such 
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tumours.  Cysts  of  the  antrum  have  been  already  referred  to  as 
frequently  originating  in  adenoid  tissue,  and  this  tissue  may  take  on  a 
cancerous  character.  In  both  jaws,  also,  cancer,  originating  at  the 
alveolar  surface,  may  grow  into  and  involve  the  bone.  Cases  have 
also  been  observed  in  which  a  cancer  has  originated  in  connection 
with  an  old  discharging  cloaca,  the  result  of  necrosis.  The  cancer 
extends  into  the  sinus,  and  even  into  the  cavity  in  the  bone. 

Secondary  cancer  is  very  frequent  in  the  bones.  Cancer,  when 
it  becomes  generalized,  is  very  liable  to  become  implanted  in  the 
cancellated  tissue,  especially  of  the  vertebrae,  ribs,  and  ends  of  the 
long  bones.  It  there  grows  as  a  central  tumour,  distending  and 
destroying  the  bone,  and  sometimes  leading  to  spontaneous  fractures 
as  in  Fig.  304.  In  most  cases  the  tumours  are  multiple.  The  stroma 
is    sometimes   composed  of 


bone   and  cartilage  so  that 
the  tumour  may  be  hard. 

Secondary  thyroid  adeno- 
ma is  a  rare  form  of  tumour 
in  bone.  A  few  cases  have 
been  observed  in  which,  with 
enlargement  of  the  thyroid, 
secondary  tumours  composed 
of  glandular  tissue  have  devel- 
oped, chiefly  in  the  bones  of 
the  skull  and  vertebrae  In 
a  case  observed  by  the  author 
the  tumours  occurred  in  the 
diploe  of  the  skull,  and  in 
growing  destroyed  the  bone. 
One  of  the  tumours  in  the 
occipital  region  caused  a  gap 
in  the  skull  an  inch  and  three- 
quarters  in  diameter.  This 
was  occupied  by  the  tumour 
which  projected  inwards  and 
outwards.  It  formed  during 
life  a  bulky  Pulsatile  tumour. 

Parasites  in  bone.  The  Gysticercus  cellulosse  has  been  observed. 
Targett  has  given  a  good  account  of  hydatids  in  bone.  This  disease, 
due  to  the  echinococcus,  is  very  rare  in  bone.  The  cysts  develop 
either  in  the  substance  of  the  bone,  more  particularly  the  ends  of 
the  long  bones,  the  bodies  of  the  vertebrae  and  the  pelvis,  or  they 


Fig.  304.— Spontaneous  fracture  of  neck  of  femur 
from  a  secondary  cancer. 
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develop  inside  a  natural  cavity  such  as  the  frontal  or  sphenoidal 
sinuses,  this  being  much  less  common  than  the  other.  The  lesion 
is  usually  a  diffuse  one  ;  there  is  no  mother  cyst,  and  the  hydatids 
bud  out,  forming  an  exogenous  growth.  After  growing  and  distending 
the  bone  it  may  burst  through  it  and  develop  further  in  the  soft 
parts  around. , 

Literature. — Weber,  Die  Exostosen  and  Enchondrome,  1856;  Virchow,  GeschwiU- 
ste,  ii. ;  Lucke,  in  Pitha  and  Billroth's  Handb.,  1869  ;  Cornil  et  Kanvier,  Man. 
d'hist.  path.,  i.,  1881  ;  Eve,  Cystic  tumours  of  jaws,  Brit.  Med.  Jour.,  1883,  i. ; 
Heath,  Injuries  and  dis.  of  jaws,  3rd  ed.,  1884  ;  Butlin,  Oper.  surg.  of  malig. 
disease,  1887;  Jones,  Dis.  of  bones,  1887;  Coats,  Path,  trans.,  xxxviii.,  1887; 
Targett,  Guy's  Hosp.  Rep.,  1.,  1893. 

B.— The  Joints. 

I.— DISLOCATIONS  AND  MISPLACEMENTS. 

1.  Congenital  dislocations. — Children  are  sometimes  born  with 
certain  joints  in  faulty  positions,  some  of  these  being  really  trau- 
matic and  others  of  more  obscure  origin.  The  traumatic  cases  arise 
for  the  most  part  during  parturition,  either  from  the  natural  forces 
engaged  in  delivery,  or  by  dragging  on  the  part  of  attendants. 
The  Hip-joint  is  not  infrequently  dislocated  in  this  way,  and 
usually  the  displacement  is  double.  The  head  of  the  bone  is 
usually  displaced  upwards  so  as  to  rest  on  the  dorsum  of  the  ilium 
above  and  behind  the  acetabulum.  Through  time  the  head  makes 
for  itself  a  new  joint,  and  the  acetabulum  fills  up.  Congenital 
dislocations  of  other  joints  are  exceedingly  rare. 

2.  Talipes  or  Club-foot  and  Club-hand. — These  names  are  applied 
to  distortions  of  the  feet,  or  more  rarely  of  the  hands ;  the  bones 
assume  certain  abnormal  positions  in  which  they  are  retained  by 
the  contraction  of  muscles. 

Causation. — A  certain  proportion  are  Congenital,  the  child  being 
born  with  one,  or  more  commonly  both  feet,  turned  rigidly  in,  so 
as  to  form  a  Talipes  varus.  The  muscles  keep  the  foot  in  this 
position.  According  to  Eschricht  and  Berg,  the  foot  in  early  foetal 
life  is  inverted,  and  at  birth  normally  retains  a  degree  of  inversion, 
the  soles  being  turned  in.  An  exaggeration  of  this,  or  a  retention 
•of  the  early  foetal  condition,  constitutes  a  congenital  club-foot. 

The  Non-congenital  forms  are,  in  most  cases,  due  to  infantile 
paralysis,  a  disease  in  which  some  muscles  are  paralyzed,  while 
others  are  not.  In  some  cases  the  deformity  is  due  to  the  rigid 
contraction  of  the  unparalyzed  muscles,  a  condition  to  which  the 
name  Paralytic  contracture  is  given.    In  many  cases,  however,  the 


TALIPES. 


577 


faulty  position  is  largely  due  to  the  fact  that  the  paralyzed  muscles 
are  not  able  to  keep  the  foot  in  its  proper  position,  so  that  it  tends 
to  fall  into  the  attitude  it  would  assume  if  there  were  no  muscles. 
These  positions  are  also  variously  modified  by  the  use  made  of  the 
foot  in  walking,  the  parts  being  brought  against  the  ground  in  the 
position  most  suitable  to  stability  in  the  maimed  condition  of  the 
limb.  In  a  similar  way  club-foot  may  occur  in  pseudo-hypertrophic 
paralysis. 

Besides  paralysis,  it  seems  that  spasm  may  lead  to  talipes,  although 
the  explanation  of  the  local  spasm  is  often  very  obscure.  It  is 
undoubted  that  children  sometimes  acquire  a  talipes  after  a  convulsive 
attack. 

Forms  of  Talipes. — These  do  not  call  for  detailed  description  here. 
There  are  four  principal  forms,  some  of  which  may  be  combined. 
In  Talipes  varus  the  toes  are  inverted,  and  the  inner  margin  of  the 
foot  is  raised  upwards ;  the  tibiales  anticus  and  posticus  are  the 
muscles  which  are  chiefly  contracted.  In  Talipes  valgus,  which  is 
one  of  the  rarer  forms,  the  foot  is  turned  outwards,  the  outer  border 
is  raised,  and  there  is  usually  also  some  elevation  of  the  heel ;  the 
peronei,  extensor  longus  digitorum,  and  gastrocnemius  are  the  muscles 
chiefly  engaged.  In  Talipes  equinus  the  heel  is  raised  and  the 
foot  extended,  so  that  the  person  walks  on  the  distal  extremities  of 
the  metatarsal  bones  ;  the  gastrocnemius  is  the  muscle  contracted. 
In  Talipes  calcaneus  the  heel  is  depressed,  and  the  foot  flexed  at 
the  ankle,  this  deformity  being  the  reverse  of  the  preceding  one  ; 
the  contracted  muscles  are  chiefly  the  tibialis  posticus,  the  peronei, 
and  the  extensors. 

By  long  retention  of  the  fixed  position  the  Bones  become  variously 
modified  in  shape,  undergoing  atrophy  where  exposed  to  prolonged 
pressure.  Where  the  cartilage  is  no  longer  used  in  the  movements 
of  the  joints,  it  also  atrophies.  The  bones  frequently  acquire 
adhesions  in  their  new  positions,  and  the  ligaments,  by  elongating 
or  shortening,  accommodate  themselves  to  the  new  position.  New 
ligamentous  attachments  are  sometimes  formed,  and  the  bones  may 
become  joined  together  by  anchylosis. 

3.  Flat-foot.— In  this  condition  the  internal  arch  of  the  foot  is 
flattened  so  as  to  be  in  some  cases  abolished  ;  at  the  same  time  the 
foot  is  rotated  outwards  and  the  astragalus  is  pushed  downwards 
and  inwards,  the  greater  part  of  its  head  ultimately  leaving  the 
scaphoid.  The  condition  arises  from  the  weight  of  the  body  stretching 
the  ligaments,  chiefly  the  external  calcaneo-astragaloid  and  the 
interosseous  calcaneo-astragaloid.    The  loosening  of  these  ligaments 
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allows  of  the  displacement  of  the  astragalus,  which  is  the  essential 
element  in  the  production  of  the  lesion. 

4.  Traumatic  dislocations. — We  have  here  to  do  with  cases  in 
which  the  bone  is  pushed  out  of  its  place  by  some  external  force 
acting  on  it. 

The  bones  are  kept  in  their  places  mainly  by  the  ligaments  of 
the  joints,  but  no  inconsiderable  aid  in  this  regard  is  given  by  the 
muscles  which  act  on  the  bones.  As  a  general  rule  when  external 
force  is  exercised  on  a  bone  at  a  joint,  the  muscles  are  so  braced 
as  to  enable  the  bone  to  retain  its  place  in  spite  of  the  external 
force.  But  if  a  force  is  exercised  on  a  bone  unexpectedly  or  when 
the  muscles  are  generally  relaxed  as  by  alcoholic  stupor,  then  it 
may  be  displaced,  although  the  force  under  ordinary  circumstances 
would  be  insufficient  to  produce  this  effect. 

When  the  bone  is  dislocated,  the  same  contraction  of  the  muscles 
which  normally  aids  in  preventing  dislocation,  generally  offers  a  serious 
obstacle  to  the  return  of  the  bone  to  its  normal  place. 

A  bone  may  even  be  displaced  by  the  action  of  the  muscles  themselves,  where 
a  certain  group  acts  very  vigorously  while  their  antagonists  are  relaxed.  There 
are  indeed  persons  who  can  produce  Dislocation  voluntarily  of  almost  all  the  more 
movable  joints,  and  that  by  mere  muscular  effort.  In  order  to  this  we  must 
suppose  a  certain  laxness  of  the  ligaments,  but  there  is  also  a  power  acquired  by 
education  of  strongly  contracting  certain  muscles,  while  others  which  usually 
contract  along  with  them  are  relaxed.  We  know  that  for  the  most  part  the 
muscles  in  their  contractions  are  co-ordinated,  and  most  people  are  unable  to 
contract  individual  muscles  apart  from  their  co-ordinates,  but  there  are  exceptional 
persons  who  possess  this  power,  some  in  a  limited  degree  and  others  very  remark- 
ably. Many  persons,  for  instance,  cannot  shut  one  eye  without  shutting  the 
other,  and  most  persons  when  they  shut  one  require  to  make  an  active  effort  at 
opening  the  other,  in  order  to  prevent  it  shutting  too.  But  there  are  persons 
who  can  close  the  eyelids  of  one  eye  as  easily  as  they  can  close  the  fingers  of 
one  hand. 

In  traumatic  dislocation  there  is  usually  tearing  of  the  ligaments 
to  some  extent,  and  in  the  case  of  some  joints  much  laceration  is 
necessary  before  dislocation  can  occur. 

If  restoration  does  not  occur  soon  then  the  bone  acquires  adhesions 
in  its  abnormal  situation,  the  adhesions  being  the  result  of  chronic 
inflammation  set  up  by  the  irritation  of  the  bone.  The  displaced 
bone  generally  comes  to  press  with  its  head  against  a  neighbouring 
part  of  the  bone  with  which  it  formerly  articulated,  and  the  adhesions 
attach  it  to  the  periosteum  in  its  new  position.  Friction  by  degrees 
wears  down  to  some  extent  the  opposed  piece  of  bone,  and  as  new 
bone  is  produced  around  by  the  irritation  there  may  be  a  kind  of 
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hollow  joint  formed.  By  the  wearing  of  the  bone  the  cancellated 
tissue  would  be  exposed,  were  it  not  that  dense  bone  is  produced 
on  the  surface  so  as  to  cover  in  the  spongy  tissue.  A  smooth  hollow 
surface  may  thus  be  produced,  and  a  tolerably  perfect  joint,  although 
cartilage  is  not  formed  to  cover  it,  but  only  a  layer  of  smooth 
polished  bone.  The  head  of  the  displaced  bone  also  loses  its  cartilage, 
and  may  even  get  worn  away  considerably.  If  the  bone  remains 
permanently  displaced  the  old  hollow  of  the  joint  becomes  filled 
up,  bone  growing  when  the  friction  of  the  opposing  bone  is  no 
longer  exercised. 

5.  Spontaneous  dislocations. — This  name  is  applied  to  dislocations 
which  occur  without  any  considerable  violence,  and  they  usually 
imply  a  previously  diseased  state  of  the  joints.  The  disease  is 
generally  inflammation  or  tuberculosis,  which  soften  the  ligaments 
and  alter  the  form  of  the  joints. 

Literature. — Adams,  On  Club-foot,  1866;  Eschricht,  Deutsch.  Klinik.,  1851; 
Michaud,  Arch.  d.  phys.,  iii.,  1870 ;  Holl,  Langenbeck's  Arch.,  xxv.,  1880 ; 
Symington  (Flat-foot),  Jour,  of  Anat.  and  Phys.,  1884-85 ;  Kennedy  (Flat-foot), 
vGlasg.  Med.  Jour.,  xlii.,  1894. 

II.  — ANCHYLOSIS. 

By  this  name  is  meant  fixation  of  a  joint  by  union  of  the  opposing 
bones  by  means  of  firm  adhesions.  The  expression  "false  anchylosis" 
is  sometimes  used  to  designate  the  condition  in  which  the  joint  is 
fixed,  not  by  adhesion  between  the  bones,  but  by  rigidity  and 
shortening  of  the  surrounding  soft  parts. 

For  the  most  part  anchylosis  is  the  result  of  inflammations  of 
joints,  where  the  cartilage  has  been  destroyed  and  healing  has 
subsequently  occurred.  In  the  process  of  healing  the  inflammatory 
tissue  on  the  opposing  surfaces  develops  into  connective  tissue,  and 
as  the  two  surfaces  have  to  a  considerable  extent  coalesced,  fibrous 
tissue  unites  them  permanently.  In  this  fibrous  bond  of  union  there 
are  often  bony  plates,  and  occasionally  the  union  is  effected  by  bone 
itself.  In  the  latter  case  the  term  Synostosis  is  applied.  This, 
however,  is  a  very  unusual  occurrence,  as  even  slight  movement  of 
the  joint  is  sufficient  to  prevent  the  formation  of  bone.  It  takes 
place  chiefly  in  joints  which  have  little  movement  naturally,  such 
as  the  sacro-iliac  synchondrosis.  The  fixation  of  the  joint,  however, 
is  often  so  firm  as  to  resemble  an  actual  coalescence  of  the  bones. 

The  term  Spondylitis  deformans  is  given  to  a  condition  in  which 
the  vertebrae  are  anchylosed  together.  There  is  synostosis  of  the 
arches  and  articular   processes,  while  the  heads  of  the  ribs  are 
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anchylosed  to  the  spine.  The  condition  is  a  gradually  advancing 
one,  and  the  back  becomes  rigid. 

III.— INFLAMMATION  OF  JOINTS— ARTHRITIS. 

In  most  cases  of  arthritis  the  inflammation  affects,  more  or  less, 
all  the  structures  which  enter  into  the  construction  of  the  joint. 
The  irritant  is  usually  present  in  the  joint  itself,  and  is  distributed 
over  it,  with  the  synovial  fluid,  by  the  movements  of  the  joint. 
We  may  expect,  therefore,  that  the  synovial  membrane  and  the 
cartilage,  as  they  cover  the  surface,  will  in  most  cases  be  primarily 
affected.  The  cartilage,  being  non-vascular,  is  less  liable  to  inflam- 
matory changes  than  the  synovial  membrane,  which  in  most  cases 
is  primarily  and  chiefly  engaged,  especially  in  acute  inflammations. 
But  in  chronic  cases  the  irritation  extends  beyond  these  structures 
to  the  ends  of  the  bones,  to  the  neighbouring  periosteum,  and  even 
to  the  ligaments. 

1.  Simple  arthritis. — This  condition  is  produced  most  directly  by 
the  opening  of  joints  and  the  occurrence  of  septic  decomposition 
in  their  fluids.  But  it  also  occurs  sometimes  by  exposure  to  coldf 
from  injuries,  and  from  the  extension  of  phlegmonous  inflammations 
from  surrounding  parts. 

In  its  anatomical  details,  the  inflammation  resembles  closely  that  of 
the  pleura  and  pericardium.  The  synovial  membrane  and  cartilages 
are  covered  with  fibrinous  exudation,  and  the  cavity  contains  serous 
fluid  in  which  flakes  of  fibrine  are  visible.  This  fluid  is  sometimes 
very  considerable  and  distends  the  joint.  In  this  stage  the  disease 
may  resolve  and  the  joint  return  to  its  normal  condition.  On  the 
other  hand,  especially  if  the  joint  has  been  laid  open  and  exposed 
to  decomposition,  the  inflammation  may  go  on  to  suppuration.  The 
synovial  membrane  becomes  swollen  and  dull,  being  infiltrated  with 
inflammatory  cells,  and  gradually  converted  into  granulation  tissue. 
But  if  the  inflammation  is  very  acute,  we  may  have  suppuration  by  the 
mere  exudation  of  leucocytes  without  much  change  in  the  synovial 
membrane.  When  the  disease  has  gone  on  to  the  formation  of 
granulation  tissue  it  is  now  in  a  subacute  condition  which  is  apt 
to  be  prolonged.  The  inflammation  also  extends  beyond  the  synovial 
membrane.  In  the  cartilage  the  cells  undergo  active  proliferation,, 
and  the  matrix  breaks  down ;  thus  softening  occurs,  and  ulcers  form. 
There  is  inflammation  of  the  bone,  a  rarefying  ostitis.  The  ligaments 
also  take  part  in  the  inflammation,  they  are  softened  and,  with  the 
synovial  membrane,  take  part  in  the  formation  of  granulation  tissue. 
The  periosteum  is  inflamed  and  new  bone  is  formed,  so  that  irregular 
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projections  occur  near  the  ends  of  the  bones.  With  all  this  there 
is,  of  course,  usually  an  abundant  purulent  discharge  from  the  joint, 
which  may  weaken  the  patient  and  prove  fatal,  perhaps  with  amyloid 
disease. 

If  the  inflammation  subsides,  the  various  masses  of  granulation 
tissue  develop  into  connective  tissue,  and,  by  the  contraction  of  this, 
great  rigidity  of  the  joint  may  be  produced.  The  granulation  tissue 
lining  the  joint  also  to  a  great  extent  coalesces,  and  the  result  is 
a  partial  or  complete  obliteration  of  the  joint.  The  bones  thus  become 
finally  united  by  fibrous  or  osseous  adhesions,  and  a  permanent  an- 
chylosis is  the  result. 

2.  Pysemic  arthritis. — In  this  disease  septic  microbes  are  deposited 
in  the  joint  and  spread  over  the  surface  by  the  synovial  fluid.  The 
result  is  an  acute  inflammation  with  fibrinous  exudation,  but  generally 
going  rapidly  on  to  suppuration.  It  is  remarkable  that,  when  the 
joint  is  full  of  pus,  there  is  sometimes  very  little  structural  change 
in  the  synovial  membrane,  the  whole  condition  being  almost  confined 
to  the  blood-vessels  from  which  an  excessive  exudation  has  occurred. 
The  inflammation  usually  affects  several  joints  simultaneously. 

It  is  to  be  added  that  occasionally  in  Dysentery,  Diphtheria,  Scarlet 
fever,  Erysipelas,  etc.,  a  similar  acute  arthritis  occurs.  In  these 
diseases  there  is  a  breach  of  a  cutaneous  or  mucous  surface  and  septic 
or  other  microbes  may  find  entrance.  The  affection  of  the  joints  is 
thus  similar  in  its  origin  to  Ulcerative  endocarditis,  which  sometimes 
complicates  these  affections. 

3.  Gonorrhoea!  arthritis. — An  acute  arthritis  sometimes  develops 
in  gonorrhoea,  but  the  connection  between  the  two  diseases  is  disputed 
by  some.  The  inflammation  is  usually  slight,  like  that  in  Acute 
rheumatic  arthritis,  or  it  may,  in  exceptional  cases,  assume  a  sup- 
purative character  like  that  in  pyaemia. 

4.  Acute  rheumatic  arthritis. — Like  pyemic  arthritis  this  is  due 
to  an  irritant  which  is  present  primarily  in  the  blood  and  affects 
the  structures  of  the  joints  like  other  connective  tissue  structures. 
The  result  is  an  acute  inflammation  accompanied  by  serous  and 
sometimes  by  fibrinous  exudation  into  the  joint.  The  synovial 
membrane  is  injected  and  swollen,  but  in  most  cases  the  inflam- 
mation passes  off  without  leaving  any  permanent  change. 

In  exceptional  cases  the  inflammation  lingers  in  one  or  more  joints, 
just  as  it  does  in  the  heart  when  the  valvular  structures  are  affected 
by  the  same  rheumatic  poison.  In  that  case  the  chronic  inflammation 
produces  thickening  and  rigidity  of  the  ligaments,  sometimes  with 
fibrous  union  of  the  bones. 
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5.  Gouty  arthritis. — In  this  disease  uric  acid,  in  the  form  of  urate 
of  sodium,  is  deposited  in  the  tissues  of  the  joints.  It  is  first  deposited 
in  the  cartilage,  and,  according  to  Charcot,  always,  to  begin  with,  at 
the  middle  of  the  articulating  surface,  that  being  the  point  furthest 
removed  from  the  blood-vessels.  The  urate  is  sometimes  in  the  form 
of  stellate  crystals  (Fig.  305),  the  cartilage  cells  forming  the  middle 

points  of  the  bunches  of  crystals.  But 
the  salt  is  also  deposited  in  the  matrix 
and  often  in  the  form  of  irregular 
needles.  It  is  also  frequently  deposited 
in  the  synovial  membrane,  and  in  the 
bones,  ligaments,  and  soft  parts  around 
the  joints.  Sometimes  the  salts  are  de- 
posited even  under  the  skin,  forming 
visible  projections  (the  so-called  tophi  or 
chalkstones). 

According  to  Moore  the  deposition  of 
urates  is  always  preceded  by  degenera- 
tive changes  in  the  cartilage.  This 
author  also  associates  gout  very  inti- 
mately with  chronic  interstitial  nephritis, 
pulmonary  emphysema,  and  chronic  in- 
flammation of  the  aortic  valves. 
The  deposition  seems  to  lead  to  an  acute 
irritation  of  the  structures  of  the  joint,  chiefly  an  intense  hyperemia, 
often  with  serous  exudation.  It  never  goes  on  to  suppuration,  however. 
Complete  recovery  usually  takes  place,  but  sometimes  there  remains  a 
chronic  inflammation,  leading  to  stiffness  and  deformity  of  the  joint. 

6.  Chronic  rheumatic  arthritis. — As  a  rule  this  disease  affects 
many  joints.  The  condition  is  sometimes  designated  Rheumatic 
gout.  As  the  changes  are  virtually  the  same  as  in  Arthritis 
deformans,  and  the  two  conditions  run  into  one  another,  we  may 
describe  them  together.  In  arthritis  deformans  the  disease  is  partial, 
being  confined  perhaps  to  a  single  joint,  and  the  lesions  attain  a 
much  greater  development  than  in  general  articular  rheumatism. 
It  is  also  much  more  a  disease  of  old  people,  and  is  met  with  chiefly 
among  the  poor.  According  to  Lane  the  conditions  to  be  here 
described  are  not  rheumatic  in  their  origin,  but  are  the  result  of 
undue  pressure  and  friction  on  the  ends  of  the  bones.  To  this  he 
ascribes  the  frequency  of  their  occurrence  amongst  working  people. 
This  view  is  probably  a  partial  one,  but  the  cause  suggested  may  be 
regarded  as  a  contributory  element. 


Fig.  305.— Cartilage  of  joint  in  gout, 
with  crystals  of  urate  of  sodium.  The 
salt  is  in  stellate  crystals  which  are 
nearly  continuous  at  upper  part  of 
figure,  which  corresponds  to  surface 
of  joint,  x  200.  (Cornil  and  Ran- 
vier.) 
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The  inflammatory  phenomena  appear  first  in  the  synovial  mem- 
brane and  the  cartilages.  The  synovial  fringes  enlarge  by  a  slow 
process  of  inflammation,  and  the  villous  projections  increase  in 
number  and  become  more  prominent.  Not  uncommonly  pieces  of 
cartilage  develop  in  the  fringes,  originating  in  the  cartilage  cells 
which  exist  normally  there,  and  these  pieces  of  cartilage,  being 
usually  pedunculated,  act  very  much  like  free  bodies  in  the  joint. 
Portions  of  the  prominent  outgrowths  may  get  actually  separated, 
and  so  we  may  have  loose  bodies  in  the  joints.  This  cartilage  also 
sometimes  undergoes  ossification  in  whole  or  in  part.  In  the  early 
stages  there  is  usually  an  effusion  of  fluid  into  the  joint.  This  is 
not  of  the  character  of  the 
exudation  of  acute  inflamma- 
tion as  it  contains  neither 
fibrine  nor  pus,  but  is  rather 
of  a  dropsical  nature.  It  may 
be  to  such  an  amount  as  to 
warrant  the  designation  hy- 
drops articuli,  a  condition 
which  may  last  long. 

The  cartilage  cells  undergo 
proliferation  and  the  matrix 
presents  a  peculiar  fibrillation, 
so  that  the  cartilage  assumes 
a  soft  velvety  or  furry  condi- 
tion, and  readily  undergoes 
destruction  from  the  friction 
of  the  opposing  surfaces.  This 
is  the  case  in  the  patella  in 
Fig.  306.  It  is  stated  by 
Eindfleisch  that  the  fibrillse  of 
the  matrix  undergo  mucous 
degeneration,  and  that  mucus 
may  be  found  in  the  synovial 
fluid. 

The  further  changes  are  the 
result  of  the  wearing  down 
of  the  articular  ends  where 
these  are  exposed  to  friction, 
and  at  the  same  time  the  new-formation  of  bone  at  the  borders  of  the 
articular  surfaces.  These  two  features  are  shown  in  Fig.  306,  which 
represents  the  lower  end  of  the  femur  and  the  patella.    The  altered 


-Lower  end  of  femur  and  patella  in 
chronic  rheumatic  arthritis.  In  the  patella  the  car- 
tilage is  eroded  and  partly  replaced  by  an  enamel- 
like surface.  In  the  femur  there  is  enamel  like 
surface  replacing  cartilage  (especially  on  the  left), 
and  there  is  also  new-formation  of  bone,  giving  the 
striking  "  lipped"  appearance  shown. 
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cartilage,  which  has  a  furry  aspect,  being  worn  away,  the  cancellated 
bone  which  would  otherwise  be  exposed  gets  covered  with  a  smooth, 
polished,  enamel-like  layer  which  takes  the  place  of  the  cartilage. 
This  peculiar  porcelainous  surface  is  localized  at  the  parts  which  grind 
against  each  other,  and  there  will  mostly  be  similar  areas  on  the 
opposing  bones  of  a  joint. 

At  the  edges  of  the  articular  surface  the  new-formation  of  bone 
sometimes,  as  in  Fig.  306,  takes  the  form  of  an  expansion  of  the 
articular  surface,  the  appearance  suggesting  the  impression  that  the 
bone  had  overflowed  outside  the  proper  surface.  The  articular 
surfaces  may  thus  have  a  ring  or  everted  lip  (see  Fig.  306)  of  new 
bone,  and  the  surface  of  this  may  also  have  the  porcelainous  char- 
acter. This  new-formation  of  bone  at  the  edges  of  the  joint-surfaces 
is,  according  to  Eanvier,  largely  from  cartilage,  which  in  the  protected 
position  at  the  edges,  undergoes  proliferation  and  leads  on  to  the 
formation  of  bone.  There  is  also  formation  of  bone  in  the  periosteum 
and  even  in  the  ligaments,  so  that  an  irregular  fringing  of  the  joint 
with  long  projections  may  occur. 


Fig.  307. — Deformity  of  hand  from  chronic  rheumatic  arthritis.    (Robert  Adams.) 


With  all  this  there  is  considerable  thickening  of  the  ligaments  by 
inflammatory  new-formation  of  connective  tissue,  and  often  fibrous 
union  between  opposing  parts  of  the  joints.  Indeed,  if  the  joints 
are  kept  at  rest,  there  may  be  a  complete  union  of  the  parts  around 
the  joints  opposite  each  other,  leading  to  anchylosis.  Without 
anchylosis  there  is  stiffness  of  the  joints,  whose  movements  are 
greatly  curtailed. 

The  process  of  grinding  down  of  the  bones  along  with  new-formation 
often  leads  to  great  alterations  in  form  of  the  articular  ends,  and 


arthritis — Charcot's  disease. 


585 


great  deformity  in  the  parts  concerned,  as  is  shown  in  the  hand  in 
Fig.  307.  This  is  particularly  the  case  in  the  more  extreme  and 
localized  forms,  to  which  the  name  of  arthritis  deformans  is  more 
particularly  given. 

An  extreme  degree  of  arthritis  deformans  is  sometimes  seen  in  the 
hip  joint,  where  it  gets  the  special  name  of  Morbus  coxaB  senilis. 
Here  the  wearing  down  of  the 
head  of  the  bone  is  sometimes 
very  extreme,  so  that  ulti- 
mately the  articulating  surface 
may  lie  between  the  trochanters. 
As  new-formation  of  bone  oc- 
curs simultaneously  at  the  bor- 
ders of  the  articular  surface,  a 
"kind  of  artificial  head  is  pro- 
duced, and  the  appearance  is 
presented  as  if  the  neck  were 
atrophied  and  the  head  dis- 
placed as  in  Fig.  308.  In  like 
manner  an  apparent  widening 
of  the  acetabulum  may  occur. 
The  original  articular  surface  is 
worn  away,  but  by  the  forma- 
tion  of    new    bone    Under   the       FiS-  308.— Head  of  femur  in  chronic  rheumatic 

arthritis— the  head  and  neck  worn  down  and  the 
periosteum    arOUnd,    a    Wall    is     appearance  of  a  new  head  produced  by  new-forma- 
.   .  tion.    (Robert  Adams.) 

formed,  giving  the  appearance 

of  the  borders  of  a  widened  acetabulum. 

Charcot's  disease.— This  name  is  applied  to  conditions  of  the 
joints  arising  in  consequence)  of  diseases  of  the  spinal  cord,  especially 
locomotor  ataxia.  The  lesions  consist  in  an  atrophy  of  the  articular 
ends  of  the  bones  including  the  cartilages.  There  is,  in  consequence 
of  the  exposure  of  the  bone,  a  wearing  down  of  the  bones,  without 
the  new-formation  such  as  appears  in  chronic  rheumatic  arthritis. 
(See  under  Locomotor  Ataxia.) 

Literature. — Rheumatic  Arthritis — Kobert  Adams,  Treatise  on  rheumatic  gout, 
etc.,  with  atlas,  1857  and  1873;  Lane,  Trans.  Path.  Soc,  xxxvii.,  1886;  Canton, 
ibid.,  iii.,  1851,  xii.,  1861;  Hutchinson,  ibid.,  xxiii.,  1872;  Wilks,  Guy's  Hosp. 
Rep.,  iv.;  1858;  Ziegler,  Virch.  Arch.,  lxx.,  1877;  Weichselbaum,  ibid.,  lv., 
1872  ;  Charcot,  Senile  and;  chron.  dis.,  New  Sycl.  Soc,  1881.  Charcot's  Disease — 
Charcot,  Dis.  of  nerv.  syst.,  New  Syd.  Soc,  1881. 
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IV. — SYPHILIS  AND  TUBERCULOSIS  OF  THE  JOINTS. 

Syphilis  does  not  frequently  attack  the  joints,  but  rheumatic 
attacks  in  syphilitic  persons  may  have  some  relation  to  the  specific 
virus.  According  to  Lancereaux,  there  may  be,  in  the  secondary 
stage,  an  inflammation  like  that  of  acute  or  subacute  rheumatic 
arthritis,  and,  in  the  tertiary  stage,  manifestations  like  those  of 
chronic  arthritis. 

Tubercular  arthritis.  — This  disease  is  also  called  strumous  synovitis, 
gelatinous  degeneration  of  the  joint,  tumor  albus,  fungous  caries,  etc. 
The  tubercular  virus  is  the  essential  factor  in  the  Causation  of  the 
disease.  In  many  cases  it  reaches  the  joint  after  having  attacked 
the  bone,  but  the  proportion  of  cases  in  which  it  does  so  as  com- 
pared with  those  in  which  it  comes  directly  is  matter  of  doubt. 
Tuberculosis  of  bone  will  extend  to  the  joints  much  more  readily 
in  the  case  of  some  bones  than  others.  As  the  head  and  neck  of 
the  femur  are  exposed  in  the  hip-joint  in  immediate  contact  with 
the  synovial  membrane,  extension  very  readily  occurs  here. 

The  disease  is  mostly  one  of  children,  a  fact  which  favours  the 
view  that  it  generally  takes  origin  in  the  bones.  It  is  chiefly 
weakly  children  who  are  attacked. 

The  disease  begins  usually  in  the  Synovial  membrane,  and  consists 
in  a  formation  of  tubercles  and  a  chronic  inflammation  with  great 
production  of  granulation  tissue.  The  soft,  pulpy  granulation  tissue 
gives  the  synovial  membrane  a  gelatinous  appearance,  from  which 
one  of  the  names  of  the  disease  is  taken.  There  is  also  a  slow 
enlargement  of  the  joint  from  the  increased  bulk  of  the  synovial 
membrane.  The  pulpy  gelatinous  tissue  often  presents  to  the  naked 
eye  distinct  white  bodies,  the  miliary  tubercles,  and,  under  the 
microscope  the  most  typical  tubercles  are  visible,  as  shown  in  Fig. 
309,  and  also  in  Fig.  84,  p.  226. 

The  Ends  of  the  bones  constituting  the  joint  are  affected  simul- 
taneously or  soon  after,  and  here  the  characters  presented  are  those 
of  tuberculosis  of  bone.  The  medullary  spaces  become  filled  with 
granulation  tissue  and  enlarged  by  destruction  of  the  bony  lamellae. 
In  this  granulation  tissue  there  are  also  tubercles.  There  is  thus, 
as  it  were,  a  pad  of  granulations  under  the  articular  cartilage. 

The  cartilage  also  at  the  sides  is  partly  encroached  on  and  over- 
lapped by  the  altered  synovial  membrane  which  advances  over  it. 
In  this  way  it  is  partly  enclosed  between  two  layers  of  granulation 
tissue,  and  it  gradually  becomes  eaten  into.  The  granulations,  chiefly 
those  of  the  medulla,  extend  into  the  cartilage,  and  their  encroach- 
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ment  is  assisted  by  proliferation  of  the  cartilage  corpuscles,  which 
enlarge  and  cause  softening  of  the  matrix  around. 

By  the  absorption  of  the  cartilage  the  whole  joint  may  be  converted 
into  a  cavity  lined  with  granulation  tissue,  and  the  ligaments  also 
are  frequently  transformed  in  a  similar  way. 


Fig.  309.— A  group  of  tubercles  with  giant-cells  in  tuberculosis  of  the  synovial 
membrane,    x  (30. 

Generally  suppuration  results,  and  the  joint  becomes  filled  with  a 
fluid  which  contains  debris  of  tissue  and  pus  corpuscles.  Abscesses 
also  not  uncommonly  form  around  the  joints.  Through  time  the 
fluid  contents  of  the  joint  generally  find  their  way  outwards,  and 
are  discharged  by  an  aperture  in  the  skin.  A  fistulous  canal  is  the 
result,  forming  a  communication  between  the  cavity  of  the  joint 
and  the  surface,  and  this  canal  is  also  lined  with  exuberant  granu- 
lations, which  pout  out  at  the  opening  in  the  skin.  Among  the 
granulations  here,  as  elsewhere,  tubercles  are  found. 

The  rubbing  of  the  two  ends  of  the  bones,  which  are  now  covered 
by  granulations,  leads  to  an  ulcerative  destruction  of  those  soft 
structures.  The  inflammation  extends  more  deeply  in  the  bone  as 
the  superficial  parts  are  ulcerated,  and  so  we  have  progressive  caries. 
For  some  distance  beneath  the  surface  the  medullary  spaces  are 
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filled  with  granulations  and  the  bony  trabecule  thinned.  It  will  be 
understood  from  this  how  the  disease  is  apt  to  recur  unless  the 

whole  carious  portion  be  re- 
moved, for  tubercles  are  present 
in  the  granulation  tissue  filling 
the  medullary  spaces,  and  unless 
they  be  removed  a  fresh  exten- 
sion may  occur. 

In  the  neighbourhood  of 
tuberculous  joints  there  is  com- 
monly a  considerable  new-for- 
mation of  bone  by  a  formative 
ostitis  such  as  that  referred  to 
at  p.  545.  There  may  thus  be 
produced  irregular  projections 
or  osteophytes  such  as  those 
shown  in  Fig.  310. 

In  an  early  period  of  the  dis- 
ease, before  suppuration  has  oc- 
curred, there  may  be  recovery ; 
but  after  the  occurrence  of 
suppuration,  there  is  seldom  a 
spontaneous  restoration,  which 
at  best  is  a  slow  process.  If 
recovery  takes  place  the  granu- 
lating surfaces  unite  more  or  less, 
and  the  joint  being  partly  or  completely  obliterated,  a  fibrous  union 
may  come  about,  leading,  it  may  be,  to  anchylosis. 

The  author  has  met  with  a  case  in  which  an  early  and  pure  tuberculosis  of  the 
synovial  membrane  presented  peculiar  characters.  There  was  very  great  thicken- 
ing, so  that  the  synovial  membrane  was  converted  into  a  bulky  soft  grey  tissue 
which  overlapped  the  cartilages,  and  was  so  prominent  that  when  the  joint  was 
opened  for  the  purpose  of  excision,  the  idea  of  a  tumour  was  suggested.  In 
this  case  there  were  large  numbers  of  the  most  typical  tubercles,  many  consist- 
ing almost  entirely  of  giant-cells  and  epithelioid  cells. 

Literature. — Lancereaux,  Traite  de  la  syph.,  1874 ;  Konig,  Tuberculose  der 
Knochen  und  Gelenke,  1884 ;  Croft,  Path,  trans.,  xxxii.,  1881 ;  Watson  Cheyne, 
Brit.  Med.  Jour.,  Nov.  and  Dec,  1890. 

V.— LOOSE  BODIES  IN  JOINTS. 

These  occur  most  frequently  in  the  knee  joints,  but  also  in  the^hip, 
shoulder,  maxillary,  and  other  joints.    They  consist  generally  of  more 


Fig.  310. — Heads  of  ulna  and  radius  from 
tuberculosis  of  elbow.  The  parts  are  greatly 
deformed  by  caries  and  by  the  new-formation  of 
bone  in  the  form  of  osteophytes. 
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or  less  rounded  pieces  of  tissue,  and  we  may  have  fibrous  tissue,  bone, 
cartilage,  and  adipose  tissue  entering  into  their  composition.  They 
are  nourished  by  the  juices  of  the  joint  and  may  even  grow  in  their 
detached  position. 

The  loose  bodies  have  various  origins,  but  usually  arise  by  separation 
of  pieces  of  tissue  which  may  either  be  parts  of  the  normal  cartilage 
or  bone,  broken  off  by  violence,  or  else  parts  of  abnormally  prominent 
structures  which  have  in  the  movements  of  the  joints  been  torn  off. 
Thus  the  synovial  fringes  may  enlarge  by  excessive  growth  of  adipose 
tissue  or  even  of  cartilage  in  them,  or  by  inflammatory  new-formation. 
Again,  in  chronic  rheumatic  arthritis,  the  prominent  bony  excrescences 
are  liable  to  be  broken  off. 
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SECTION  III 
DISEASES  OF  THE  NERVOUS  SYSTEM. 

Introduction.    The  plan  of  the  nervous  system  in  general. 

A.  —The  Peripheral  Nerves.    Anatomical  introduction.    1.  Effects  of  injury  and 

division  of  nerve  stems.  2.  Neuritis;  (1)  Toxic  neuritis — (a)  from  lead  or 
arsenic  poisoning  ;  (b)  Multiple  neuritis.  (2)  Local  neuritis  (a)  by  continuity ; 
(&)  leprous  ;  (c)  syphilitic.    3.  Tumours. 

B.  — The  Spinal  Cord  and  Medulla.     Anatomical  introduction.     I.  Secondary 

Degenerations. — Causation;  character  of  lesions,  grey  degeneration,  sclerosis. 
Forms — 1.  Descending  grey  degeneration.  2.  Ascending  grey  degeneration. 
3.  Degeneration  after  amputations.  II.  Inflammations.  A.  Transverse 
Myelitis.     1.   Acute ;  acute  softening.    2.   Chronic ;  chronic  compression. 

3.  Divers'  paralysis.  B.  Systematic  Myelitis.  General  causation.  1.  Sclerosis 
of  posterior  columns  ;  nature  of  changes  and  relation  to  function.  Hereditary 
ataxia.     2.   Spontaneous  lateral  sclerosis.     3.   Acute  ascending  paralysis. 

4.  Poliomyelitis  anterior  acuta.  5.  Poliomyelitis  anterior  subacuta.  6.  Polio- 
myelitis anterior  chronica  or  progressive  muscular  atrophy.  7.  Bulbar 
paralysis.    8.  Pseudo-hypertrophic  paralysis.    III.  Tumours. 

INTRODUCTION.— PLAN  OF  THE  NERVOUS  SYSTEM. 

ECENT  observations  regarding  the  connections  and  relations  of 
nerve  cells  and  nerve  fibres,  with  which  the  names  of  Ehrlich, 
Golgi,  Ramon  y  Cajal,  and  Retzius  are  chiefly  connected,  are  interest- 
ing and  important.  Nerve  cells  possess  two  kinds  of  processes,  the 
protoplasmic  processes  and  the  axis  cylinders.  Each  process  ends 
by  arborescent  branches.  When  nerve  cells  communicate  with  nerve 
cells  it  is  not  by  direct  communication  of  their  processes,  but  the 
arborescent  endings  articulate  with  other  arborescent  endings,  or  else 
form  a  reticulum  around  the  cells  themselves  and  so  influence  them. 
Each  cell  with  its  processes  down  to  their  final  arborescences  is 
independent  and  constitutes  a  unit  of  nerve  tissue  (called  a  neurone 
by  Waldeyer).  Nerve  cells  may,  in  this  way,  by  means  of  their 
processes  articulating  with  the  processes  of  other  cells,  be  brought 
into  relation  with  many  other  cells.  The  arborescent  expansions 
are  thus  the  recipient  parts  of  the  nervous  system.    The  grey  matter 
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of  this  system  contains  the  cell  processes  with  their  ramifications 
and  expansions,  and  the  white  matter  is  the  prolongation  of  axis 
cylinders,  which  again  are  processes  of  the  cells  and  therefore  parts 
of  the  cells. 

The  nutrition  of  nerve  cells  and  their  expansions  is,  like  that  of 
other  cells,  dominated  by  the  nucleus,  and  when  a  process  is  cut 
off  from  the  nucleus  it  suffers  in  its  nutrition. 

The  simplest  idea  of  a  nervous  system  is  that  of  a  central  ganglion 
with  afferent  or  centripetal  fibres  and  efferent  or  centrifugal  ones. 
An  approach  to  this  simplest  form  of  nervous  system  is  afforded 
us  in  the  case  of  the  heart.  We  have  here  in  the  substance  of  the 
organ  certain  ganglia,  which  possess  on  the  one  hand  centripetal 
fibres  coming  chiefly  from  the  endocardium,  and  on  the  other  hand 
centrifugal  fibres  passing  to  the  muscular  fibres  of  the  heart.  It  is  to 
be  presumed  that  impressions  conveyed  from  the  endocardium  induce 
the  development  of  impulses  which  are  conveyed  by  the  centrifugal 
fibres  to  the  muscle  and  bring  about  its  contraction. 

But  these  intrinsic  ganglia  of  the  heart,  although  forming  with  their 
connections  a  complete  nervous  system,  are  not  entirely  isolated  and 
independent.  They  are  under  the  command  of  higher  centres  which 
control  their  action  and  through  them  affect  the  contractions  of  the 
heart.  From  these  higher  centres  fibres  reach  the  heart  by  two 
paths,  by  the  vagus  and  by  the  sympathetic,  and  by  means  of  these 
fibres  the  action  of  the  intrinsic  ganglia  is  restrained  or  stimulated. 

Taking  a  general  survey  of  the  nervous  system,  we  find  that,  among 
the  innumerable  centres,  there  are  grades  or  orders  to  be  recognized, 
the  lower  or  simpler  being  under  the  control  of  the  higher  and  more 
complex.  Leaving  aside  the  peripheral  centres  and  the  sympathetic 
system,  we  may  fitly  illustrate  this  in  the  case  of  the  cerebro-spinal 
axis. 

In  the  Spinal  cord  there  are,  chiefly  in  the  anterior  cornua,  groups 
of  ganglion  cells  which  form  distinct  individual  centres.  Many  of 
these  appear  to  be  of  the  simplest  kind,  representing,  as  it  were, 
single  muscles  or  limited  groups  of  muscles.  The  stimulation  of  such 
simple  centres  would  produce  no  properly  co-ordinated  movements, 
but  simply  the  contraction  of  a  muscle  or  muscles.  But  in  the  cord 
itself  there  are  centres  of  a  higher  order  than  this,  representing,  not 
single  muscles  or  very  limited  groups,  but  more  considerable  groups 
of  associated  muscles,  so  that  movements  of  some  complexity  are 
brought  about  by  their  stimulation.  The  centres  of  lower  order  are 
under  the  control  of  the  higher,  and  it  is  to  be  presumed  that  the 
higher,  in  bringing  about  movements,  do  not  act  directly  on  the 
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muscles,  but  stimulate  in  the  first  instance  the  lower  centres,  which 
then  act  directly  on  the  muscles.  Even  the  higher  centres  in  the 
cord  are,  as  compared  with  those  in  the  brain,  of  a  very  low  order, 
and  are  only  capable  of  effecting  such  simple  actions  as  the  extension 
of  the  toes,  the  drawing  up  of  the  leg,  etc. 

The  Medulla  oblongata  may  be  regarded  as  simply  an  extension 
upwards  of  the  spinal  cord.  Its  centres  are  scarcely  of  a  higher  order 
than  those  of  the  cord,  and  the  movements  which  may  be  effected  by 
it  alone  are  of  the  simplest  character.  In  it  are  massed  the  great 
centres  which  have  the  control  of  the  respiratory  movements,  and 
the  contraction  and  dilatation  of  the  blood-vessels.  The  muscles  of 
the  tongue,  mouth,  pharynx,  etc.,  are  represented  here,  as  are  those 
of  the  arms,  legs,  and  trunk  in  the  spinal  cord. 

Passing  to  the  centres  next  in  order  above  the  cord  and  medulla 
oblongata  we  reach  the  so-called  Middle  brain,  including  the  centres  in 
the  pons  varolii,  the  corpora  quadrigemina,  and,  as  perhaps  of  a  still 
higher  order,  the  cerebellum.  Many  animals  can  go  through  very 
elaborate  movements  when  deprived  of  all  parts  above  this  middle 
brain.  A  pigeon  can  fly,  a  frog  can  leap,  and  a  rabbit  can  run.  There 
is,  however,  a  want  of  spontaneity  in  the  movements,  which  present 
many  of  the  characters  of  complex  reflex  or  automatic  actions.  A 
rabbit  will  remain  quiet  till  its  foot  is  pinched,  and  will  then  set  about 
running.  The  movements  effected  by  means  of  the  middle  brain 
require  the  action  of  the  same  muscles  as  those  in  which  the  spinal 
cord  alone  is  concerned,  but  the  combinations  are  more  complex  and 
the  grouping  of  the  muscles  more  intricate.  In  effecting  these  more 
complex  movements  the  higher  centres  act  in  the  first  place  on  the 
lower,  and,  through  them,  on  the  muscles,  the  lower  centres  in  the 
cord  being  thus  a  necessary  link  in  the  chain. 

In  man  the  middle  brain  appears  to  be  much  less  independent  than 
in  the  lower  animals.  In  many  animals,  as  we  have  seen,  a  stimulus 
coming  from  the  periphery  may  induce  such  complex  acts  as  flying, 
leaping,  running,  but  it  is  not  so  in  man.  If  the  centres  for  such  acts 
are  situated  in  the  middle  brain  in  man,  they  are  so  dependent  on  the 
higher  centres  that  when  their  connection  with  these  is  severed  they 
are  only  able  to  act  very  imperfectly.  A  certain  degree  of  indepen- 
dence is  shown  in  man  by  the  fact  that  when  a  person,  completely 
paralyzed  on  one  side  by  the  connection  being  divided  between  the 
middle  and  upper  brain,  yawns,  the  paralyzed  arm  will  often  move  in 
an  exaggerated  fashion  entirely  independently  of  the  will.  Yawning 
is  an  exaggerated  inspiration,  and  in  order  to  elevate  the  chest  the 
arm  is  stretched  upwards  and  backwards  so  as  to  bring  the  pectoralis 
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into  action  on  the  chest  wall.  When  we  have  command  of  ourselves 
we  can  control  these  movements,  but  when  the  middle  brain  is  dis- 
connected the  paralyzed  arm  may  act  in  an  exaggerated  fashion. 

The  Basal  ganglia  of  the  cerebrum  form  a  series  of  centres  of 
a  very  high  order.  When  such  animals  as  the  dog  and  cat  are 
deprived  of  all  centres  higher  than  the  corpus  striatum  they  are 
capable  of  running  about,  these  movements  being,  of  course,  auto- 
matic. But  in  man,  and  also  in  monkeys,  although  the  general 
movements  of  the  body  may  be  regarded  as  gathered  together  in 
these  ganglia,  they  are  not  sufficient  for  the  more  complex  acts  of 
locomotion,  etc.  The  movements  of  the  body,  although  represented 
in  a  complex  form  in  these  ganglia,  are  represented  higher  up  in 
a  still  more  complex  form,  and  at  the  same  time  the  lower  centres 
are  less  independent  of  these  higher  ones. 

In  the  Convolutions  of  the  cerebral  hemispheres  we  have  the 
highest  order  of  centres,  and  in  man  the  Motor  area  may  be  taken 
to  form  the  seat  of  all  the  centres  which  are  concerned  with 
the  more  complex  voluntary  acts.  In  the  motor  convolutions  we 
have  the  movements  of  the  body  as  it  were  written  larger, 
occupying  much  more  space  than  in  the  corpus  striatum,  and  more 
individualized. 

In  regard  to  Sensation,  we  are  not  to  look  for  a  succession  of 
centres  such  as  we  have  in  the  case  of  motion.  There  are  peripheral 
organs  of  a  highly  specialized  character,  which  are  engaged  in  the 
transmission  of  the  various  special  kinds  of  sensation.  Between 
these  and  the  highest  centres  there  are  virtually  no  others  inter- 
posed, the  intervening  structures  being  only  concerned  in  conduction, 
perhaps  with  arrangements  for  fortifying  the  impressions  as  they  are 
conducted  through  greatly  elongated  paths.  Besides  the  apparatus 
engaged  in  sensation,  there  are  afferent  fibres  which  are  related  to 
reflex  actions,  and  probably  the  same  fibres  to  some  extent  subserve 
both  functions. 

In  studying  the  specific  diseases  of  the  nervous  system  it  will  be 
necessary  to  carry  these  physiological  considerations  along  with  us, 
and  in  the  case  of  each  disease  it  will  be  proper  to  take  into  account 
the  effect  which  it  will  have  on  the  physiological  action. 

Lesions  occurring  in  nervous  structures  produce  various  effects. 
They  may  irritate  the  centres  either  directly  or  by  means  of  their 
communicating  fibres.  If  a  Motor  centre  be  irritated  there  will  be 
muscular  movements,  spasm,  convulsion.  If  a  Sensory  centre  be 
irritated  there  will  be  subjective  sensations  as  of  sight,  smell,  touch,. 
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hearing,  taste.  If  a  Mental  centre  be  irritated  there  will  be  sub- 
jective mental  phenomena,  that  is,  mental  phenomena  which  are 
beyond  the  control  of  the  individual,  peculiar  thoughts,  illusions,  etc. 
On  the  other  hand,  lesions  may  destroy  centres,  in  which  case  we 
shall  have  paralysis  of  motion,  or  loss  of  sensation  (anaesthesia), 
or  mental  degeneracy. 

Lesions  which  are  large  and  palpable  are  often  called  Coarse 
lesions,  as  where  a  tumour  or  a  clot  destroys  or  irritates,  or  does 
both.  Coarse  lesions  are  thus  distinguished  from  those  finer  changes 
which  are  matter  for  microscopic  observation.  In  some  cases,  indeed, 
the  existence  of  actual  physical  changes  is  matter  of  inference,  the 
anatomical  demonstration  of  them  being  not  yet  furnished. 

Literature. — An  excellent  exposition  of  the  construction  of  the  nervous  system 
is  given  in  Herbert  Spencer's  Principles  of  Psychology,  vol.  i. ;  also  in  many 
papers  by  Hughlings  Jackson,  whose  influence  in  advancing  the  pathology  of 
the  nervous  system  has  been  very  great.  A  systematic  study  of  the  physiology 
of  the  nervous  system  in  Ferrier's  excellent  work,  The  Functions  of  the  Brain, 
2nd  ed.,  1886.  See  also,  for  diseases  of  the  nervous  system,  Boss,  A  Treatise  on 
Diseases  of  Nervous  System,  2nd  ed.,  1883  (which  contains  frequent  references) ; 
and  Gowers,  A  Manual  of  Diseases  of  the  Nervous  System,  1886  and  1888. 


Anatomical  introduction. — A  nerve  stem,  whether  met  with  embedded  in  the 
tissues  of  an  organ  or  lying  free,  is  composed  of  one  or  more  bundles  of  nerve 
fibres  united  together  by  connective  tissue.  The  accompanying  figure  (Fig.  311) 
shows  the  general  arrangement  of  this  connective  tissue  in  a  stem  composed  of 
a  single  bundle  of  nerve  fibres.  There  is  an  external  layer  of  connective  tissue, 
the  perineurium  (a),  binding  the  whole  bundle  together.  But  inside  the  bundle 
there  is  connective  tissue  binding  the  individual  nerve  fibres  together  and  forming 
the  endoneurium  (b),  the  nuclei  of  which  are  prominently  seen  in  the  figure. 
In  a  nerve  stem  made  up  of  several  bundles  these  also  are  bound  together  by 
connective  tissue,  the  epineurium  or  neurilemma.  The  nerves  within  the  skull 
and  the  nerve-roots  inside  the  spinal  canal  are,  in  general,  less  furnished  with 
connective  tissue  than  the  peripheral  nerves,  and  in  particular  the  perineurium 
is  less  consistent  and  continuous. 

The  nerve  fibres  of  such  peripheral  nerves  are  for  the  most  part  medullated 
and  when  examined  in  the  fresh  state  they  present  an  opaque  appearance  and  a 
double  outline  as  in  Fig.  312  A.  When  examined  in  the  fresh  state  it  is  only  this 
appearance  that  is  visible,  but  by  proper  methods  of  preparation  the  constituent 
structures  of  the  fibre  can  be  shown  as  indicated  in  Fig.  312  B  and  G,  and  in 
Fig.  311.  These  are  the  axis  cylinder  (3,  Fig.  312),  the  medullary  sheath  or 
white  substance  of  Schwann  (2),  and  the  primitive  sheath  (1).  The  axis  cylinder 
is  the  conducting  part  of  the  fibre,  and  runs  continuously  from  end  to  end.  The 
medullary  sheath  is  composed  of  a  fatty  substance  (myeline)  and  is  prone  to 
undergo  a  kind  of  coagulation  which  gives  rise  to  the  double  contour.  This 
substance  is  semi-fluid,  and  when  the  nerve  fibre  is  broken  up,  either  during  life 
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or  after  death,  it  is  apt  to  flow  out,  and  so  we  may  have  free  drops  of  myeline 
which  have  a  strongly  re- 

7/ 


fracting  outline  (4,  Fig.  312). 
The  primitive  sheath  is  a 
transparent  membranous 
tube  which  covers  the  fibre 
and  keeps  the  medullary 
sheath  together.  When 
transverse  sections  of  a 
nerve  which  has  been 
hardened  and  stained  are 
examined  these  various 
constituents  appear,  as  in 
Fig.  311.  The  axis  cylinder 
is  a  coloured  point  in  the 
middle  of  each  fibre.  The 
medullary  sheath  around 
this  is  transparent  and 
colourless.  The  primitive 
sheath  forms  a  coloured 
ring  around  the  fibre. 

If  a  medullatecl  nerve 
fibre  be  examined  after  pre- 
paration with  osmic  acid,  it 
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311.  -Transverse  section  of  a  nerve  consisting  of  a 
single  bundle  ;  from  a  specimen  stained  and  mounted  by 
Clarke's  method,  a,  perineurium  ;  b,  endoneurium.  Inside 
the  perineurium  is  the  lymphatic  space  between  it  and  the 
nerve  bundle.  The  nerve  fibres  are  represented  by  rings 
with  a  central  dot  —the  axis  cylinder,    x  120.  (Klein.) 


will  be  seen  that,  as  Eanvier  has  shown,  the  medullary  sheath  is  not  continuous, 
but  is  interrupted  at  intervals,  the  axis  cylinder  and  primitive  sheath  being  alone 
A. 


Fig.  312.—  Medullated  nerve  fibres.    A,  the  natural  appearance;  B  and  C,  diagrams 
showing  the  constituent  structures  as  in  text.  (Quain.) 

f    present.    These  nodes  divide  the  nerve  fibre  into  sections,  and  each  section  receives 
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a  further  individuality  from  the  fact  that  about  its  middle  an  oval  nucleus  is 
present  inside  the  primitive  sheath,  between  it  and  the  medullary  sheath. 

Non-medullated  or  pale  nerves  have  no  medullary  sheath,  and  consist  essentially 
of  axis  cylinders  each  covered  with  a  primitive  sheath  in  which  nuclei  occur  at 
intervals.  As  the  white  appearance  of  ordinary  nerves  depends  on  the  medullary 
sheath,  non-medullated  nerves  are  grey  in  colour.  Most  nerves  at  their  peripheral 
terminations  lose  the  medullary  sheath  and  become  pale,  but  some  are  so 
throughout,  chiefly  the  olfactory  nerve  and  the  whole  nerves  of  the  sympathetic 
system. 

1.  Injury  and  division  of  nerve  stems. — When  a  nerve  is  divided 
there  occur  motor  and  sensory  paralysis  in  the  peripheral  parts 
dependent  on  it.  It  sometimes  happens  that  conduction  is  re-estab- 
lished within  a  few  days,  and  this  must  take  place  by  the  cut  ends 
uniting  by  immediate  union  or  by  the  first  intention.  Most  frequently, 
however,  the  restoration  of  function  is  tardy,  and  processes  occur  in 
the  nerves  which  have  been  carefully  studied  by  experimentation  on 
animals.  The  changes  which  ensue  on  the  division  of  a  nerve  occur 
mainly  in  the  peripheral  portion  of  it,  and  they  consist  in  the  first 
place  in  a  Degeneration  by  which  the  structure  is  largely  destroyed, 
and  in  the  second  place  in  a  Regeneration  by  which  it  is  restored. 
The  degenerative  process  is  often  called  Wallerian,  from  the  observer 
who  first  studied  it. 

The  Causation  of  this  peculiar  degenerative  process  is  connected 
with  the  nutritive  arrangements  of  the  nerves.  As  the  axis-cylinders 
of  the  nerves  are  but  the  prolongations  of  the  nerve  cells,  they  are 
dependent  on  the  nucleus  of  the  cell  for  their  nutrition.  Just  as  any 
process  of  a  cell  will  degenerate  when  cut  off  from  the  body  of  the 
cell,  so  do  the  nerve  fibres  degenerate  when  divided  from  the  nerve 
cells.  The  sensory  fibres  of  the  peripheral  nerves  are  prolongations 
from  the  cells  of  the  ganglia  of  the  posterior  roots,  whilst  the  motor 
fibres  are  from  the  ganglion  cells  of  the  anterior  cornua  of  the  cord. 
Most  nerve  stems  consist  of  both  afferent  and  efferent  fibres,  but  the 
division  of  the  stem  will  cut  the  fibres  off  from  their  cells,  whether 
they  be  afferent  or  efferent.  It  is  interesting  to  observe  that  when 
the  posterior  nerve  root  is  divided  on  the  proximal  side  of  the 
ganglion,  its  fibres  degenerate  in  the  central  direction,  or  towards 
the  spinal  cord. 

The  changes  about  to  be  described  have  been  studied  chiefly  by 
experimentation  on  animals,  but  similar  conditions  have  been  observed 
in  man  after  division  of  nerves.  In  several  diseases  of  nerves  also, 
such  as  inflammation,  leprosy,  syphilis,  there  may  be  interruptions 
of  the  nerve  fibres  leading  to  lesions  similar  to  those  occurring  in 
consequence  of  division,  but  perhaps  mixed  up  with  other  phenomena. 
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The  Degenerative  process  occurs  almost  simultaneously  in  the  whole 
peripheral  distribution  of  the  divided  nerve,  affecting  both  sensory  and 
motor  fibres.  The  most  obvious  change  is  in  the  medullary  sheath. 
It  coagulates,  breaks  up  into  drops,  and  through  time  disappears  by 
absorption.  This  disintegration  of  the  medullary  sheath  occurs  gradu- 
ally, and  the  granular  fat  into  which  it  breaks  up  is  partly  taken  up 
by  the  nuclei  of  the  nerve  fibre,  but  partly  also  finds  its  way  out  of  the 
primitive  sheath,  and  is  found  in  the  surrounding  connective  tissue 
and  the  walls  Of  the  capillaries.  There  is  some  difference  of  opinion 
as  to  the  part  taken  by  the  axis  cylinder  in  the  process.  Erb  asserts 
that  it  persists  after  the  medullary  sheath  has  been  destroyed,  but 
Ranvier  states  that  it  is  broken  up,  its  interruption  corresponding  with 
the  abolition  of  electric  conductivity  in  the  nerve.  Whether  the  axis 
cylinder  is  destroyed  or  not,  the  nerve  fibre  undergoes  a  great  trans- 
formation by  the  loss  of  its  medullary  sheath,  and  it  becomes  converted 
into  a  pale  fibre,  interrupted  at  intervals  by  the  nuclei  or  by  some 
persisting  clumps  of  myeline. 

It  is  asserted  by  Kanvier  that  the  nuclei,  which  we  have  seen  to  exist  inside 
the  primitive  sheath  between  every  two  nodes,  take  an  active  part  in  this  process. 
They  enlarge  and  divide,  and,  by  impinging  on  the  medullary  sheath,  help  to 
break  it  up.  It  is  by  them  also,  according  to  this  author,  that  the  axis  cylinder 
is  interrupted.  The  enlargement  and  division  of  the  nuclei  is  somewhat  similar 
to  that  which  occurs  in  muscle  in  certain  lesions  to  be  considered  afterwards, 
and  it  is  regarded  as  inflammatory  in  its  nature. 

At  the  place  of  division  of  the  nerve,  as  there  is  a  wound,  there  are 
signs  of  inflammation.  Leucocytes  collect  between  and  around  the  cut 
ends  of  the  nerve,  and  even  penetrate  into  the  primitive  sheath  for 
some  distance.  These  leucocytes,  which  are  most  abundant  soon  after 
the  section,  attack  the  medullary  sheath,  and  assist  in  breaking  it  up  ; 
the  myeline  is  taken  up  by  the  leucocytes  so  as  to  give  them  the 
appearance  of  compound  granular  corpuscles.  In  the  central  end  of 
the  divided  nerve,  however,  the  destruction  of  the  medullary  sheath 
is  limited,  as  the  invasion  of  leucocytes  generally  stops  short  at  the 
first  node. 

After  a  time  the  inflammation  subsides  largely,  and  the  wound, 
including  skin  and  soft  parts,  is  united  by  a  cicatrix  formed  in  the  usual 
way.  The  divided  ends  of  the  nerves  are  united  by  a  pale  cicatricial 
band,  which  does  not  as  yet  contain  any  proper  nervous  elements,  and 
does  not  effect  a  restoration  of  the  conductivity. 

Conduction  is  restored  by  a  process  of  Regeneration.  According  to 
the  researches  of  Kanvier,  this  occurs  entirely  by  the  axis  cylinders  of 
the  central  end  budding  out  and  extending  first  into  the  cicatrix  and 
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then  into  the  peripheral  end.  The  axis  cylinder  enlarges  at  its  ex- 
tremity and  becomes  divided  longitudinally  into  several  fine  fibres, 
which  grow  out  into  the  cicatrix.  Arrived  at  the  cut  end  of  the 
peripheral  portion  they  penetrate  into  it,  and  very  frequently  pass 
into  a  primitive  sheath.  In  this  way  a  number  of  new-formed  axis 
cylinders  may  be  found  inside  an  old  nerve-tube,  and  there  may  be 
alongside  of  them  some  pieces  of  persisting  myeline.  These  new  axis 
cylinders  after  a  time  acquire  medullary  sheaths,  and  the  regeneration 
of  the  nerve  is  completed.  According  to  Kemak  and  others,  the  new 
fibres  are  not  formed  entirely  by  budding  from  the  central  end,  but 
arise  also  from  the  remaining  axis  cylinders  of  the  peripheral  end. 
This  view  is  probably  incorrect. 

Along  with  the  nerves  the  Muscles  suffer,  undergoing  marked 
wasting.  The  muscular  cylinders  diminish  in  diameter,  the  transverse 
striation  becomes  less  distinct  and  the  fibres  become  granular.  If 
regeneration  does  not  occur  the  muscular  fibres  lose  their  transverse 
striae  entirely,  become  greatly  narrower,  and  may  even  present  hyaline 
degeneration  (see  under  Coagulation-Necrosis,  p.  169).  The  atrophy 
of  the  muscular  fibres  is  often  accompanied  by  an  interstitial  inflam- 
mation resulting  in  a  new-formation  of  connective  tissue  between  the 
muscular  fibres,  a  kind  of  cirrhosis,  leading,  in  cases  where  the  con- 
duction of  the  nerve  is  not  restored,  to  considerable  shortening  of  the 
muscle  and  deformity.  If  regeneration  of  the  nerve  occurs  then  the 
muscle  is  restored,  but  there  is  frequently  some  prolonged  or  per- 
manent damage.*  The  muscular  fibres  remain  partly  of  smaller 
diameter  and  there  may  be  some  permanent  interstitial  overgrowth 
of  connective  tissue. 

There  are  also  Trophic  changes  frequently  manifested  in  the  skin 
and  other  structures,  such  as  will  fall  to  be  described  later  on  as 
Trophoneuroses.  They  consist  of  atrophy  of  the  skin,  oedema,  and 
occasionally  the  peculiar  condition  described  as  "glossy  skin."  There 
may  also  be  swellings  of  the  joints. 

2.  Neuritis. — Nerves  are  liable  to  inflammations  from  the  action  of 
irritants  of  various  sorts.  In  the  causation  of  such  inflammations  two 
distinct  categories  may  be  distinguished.  We  have,  in  the  first  place, 
a  group  in  which  a  poison  is  circulating  in  the  blood  and  affects  the 
nerve  stems,  and  in  the  second  place  we  have  cases  in  which  the  lesion 
is  local,  being  due  either  to  an  extension  from  some  existing  inflamma- 
tion or  to  the  direct  action  on  particular  nerves  of  an  infective  or  other 
agent  which  produces  the  inflammation.  The  former  group  may  be 
distinguished  as  toxic,  and  the  latter  as  localized. 

(1)  Toxic  Neuritis.— The  poison  is  in  solution,  and  acts  on  the 
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nerves  as  a  chemical  or  chemico-vital  irritant.  It  may  be  a  metallic 
poison,  such  as  lead  or  arsenic,  but  is  more  frequently  a  toxine  result 
ing  from  the  action  of  microbes.  It  may  perhaps  be  permitted  to 
include  alcohol  in  the  latter  category,  as  it  is  the  product  of  the  action 
of  vegetable  organisms  closely  allied  to  the  bacteria.  In  toxic  neuritis 
the  irritant,  being  in  solution  in  the  blood,  acts  on  the  whole  nerves  at 
once,  the  neuritis  is  therefore  usually  multiple  and  symmetrical.  It 
is,  however,  to  be  noted  that  the  various  irritants  show  special  elective 
affinities  for  particular  nerves,  this  fact  being  consistent  with  what  is 
known  in  general  as  to  the  action  of  poisons. 

The  various  poisons  act,  for  the  most  part,  on  the  nerve  structures 
proper,  and  hence  these  inflammations  are  mostly  parenchymatous. 
They  are  characterized  by  breaking  up  of  the  medullary  sheaths,  and 
other  changes  analogous  to  those  described  as  following  division  of 
nerve  stems.  The  lesion  is,  in  the  first  instance,  limited  to  portions  of 
the  stems  affected,  but  as  the  result  is  to  interrupt,  more  or  less,  the 
conductivity  of  the  nerves,  there  may  be  secondary  changes  in  the 
peripheral  distribution  such  as  ensue  on  the  division  of  nerves.  There 
is  also  wasting*  of  muscles  in  cases  where  the  motor  nerves  are 
involved.    Several  forms  of  toxic  neuritis  have  been  distinguished. 

(a)  Neuritis  in  lead  and  arsenical  poisoning". — In  lead  poisoning 
the  agent  attacks  particular  nerves,  and  it  affects  the  motor  fibres  much 
more  than  the  sensory.  The  commonest  seats  of  the  affection  are  the 
nerves  of  the  forearms  and  hands,  and  the  characteristic  symptom  is 
"drop-wrist."  There  is  a  curious  omission  of  the  nerve  to  the  supin- 
ator longus  in  the  affection.  The  neuritis  is  not  limited  to  these 
nerves,  but  may  affect  the  nerves  of  the  larynx,  the  eye,  etc.  The 
condition  of  the  nerves  is  that  of  parenchymatous  neuritis,  with 
wasting  of  the  muscles. 

In  arsenical  poisoning  the  affection  of  the  nerves  is  also  localized, 
but  the  sensory  nerves  are  more  frequently  affected  along  with  the 
motor  than  in  lead  poisoning.  There  is  greater  variety  in  the  symp- 
toms, and  these  may  also  be  complicated  by  the  cord  being  affected. 

(b)  Multiple  Neuritis. — This  includes  a  considerable  number  of 
forms  in  which  an  organic  poison  is  present  in  the  blood.  Many 
nerves  are  affected,  and  the  change  is  parenchymatous.  More  or  less 
extensive  paralysis  with  muscular  wasting  results.  In  this  country 
the  most  frequent  form  is  Alcoholic  neuritis,  and  in  this  form  there 
may  be  wide-spread  lesions  affecting  many  nerves,  and  leading  to 
extensive  paralysis  and  atrophy  of  muscles. 

The  acute  specific  fevers  are  sometimes  followed  by  multiple 
neuritis.    It  is  a  rare  result  in  typhoid  and  typhus  fevers,  is  more 
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frequent  in  malaria,  but  is  especially  common  as  a  result  of  diph- 
theria. The  neuritis  seems  to  be  the  consequence  of  the  action  of  the 
poison  evolved  by  the  infective  agent,  and  not  of  the  latter  itself. 
This  is  proved,  at  least  in  the  case  of  diphtheria,  by  the  fact  that  the 
toxine  obtained  from  cultures  is  capable  of  inducing  the  paralysis 
without  the  bacteria  being  present. 

The  disease  known  in  India  as  Beri-beri,  and  in  Japan  as  Kak-ke, 
is  apparently  a  multiple  neuritis,  due  to  a  specific  infection.  It  is 
endemic  in  certain  localities,  and  particular  forms  of  microbes  have 
been  asserted  by  some  authors. 

The  poisons  of  tuberculosis  and  syphilis  may  also,  when  present  in 
the  blood,  give  rise  to  a  multiple  neuritis,  although  these  diseases  are 
more  to  be  associated  with  localized  neuritis. 

(2)  Local  Neuritis. — This  is  due  to  an  agent  acting  locally.  It 
may  be  the  result  of  direct  injury  to  a  nerve,  as  by  the  broken  end  of 
a  bone.  Cold  is  also  an  occasional  cause,  as  in  the  sciatic  nerve.  In- 
flammations may  extend  by  contiguity  to  a  nerve  stem,  or  an  infective 
agent  may  fix  on  particular  nerves  and  produce  local  lesions.  Many 
of  these  forms  are  chronic,  and  these,  as  in  the  case  of  chronic  inflam- 
mations in  general,  are  characterized  by  new-formation  of  connective 
tissue.  The  inflammation  is  in  this  way  interstitial,  the  perineurium 
and  endoneurium  being  thickened.  There  is  consequent  atrophy  of 
the  nerve  fibres  with  the  results  in  the  nerves  themselves  and  in  the 
muscles  which  ensue  on  division  of  nerves.  Several  forms  merit  a 
special  description. 

(a)  Neuritis  by  continuity.  Acute  suppurative  inflammations  do 
not  readily  extend  to  peripheral  nerve  stems.  A  nerve  may  be 
bathed  in  pus,  and  almost  isolated  by  the  suppuration  around,  but 
there  may  be  almost  no  infiltration  of  the  nerve  itself.  The  explana- 
tion of  this  is  that  the  perineurium  forms  a  barrier  between  the  lymph 
spaces  of  the  nerve  and  those  of  surrounding  parts.  If  a  nerve  in  a 
living  animal  be  exposed,  and  the  wound  filled  with  water  in  which 
vermilion  is  suspended,  then  the  leucocytes  which  accumulate  take 
up  the  vermilion  and  carry  it  in  various  directions,  but  not  into  the 
nerve.  But  if  a  nerve  in  a  suppurating  wound  be  itself  wounded  so 
as  to  lay  open  its  internal  structure,  then  suppuration  will  readily 
extend  into  it. 

An  exception  to  this  condition  is  afforded  by  the  nerves  before  their 
exit  from  the  skull  or  spinal  canal.  These  are  much  less  protected  by 
an  external  sheath,  and  in  consequence  acute  inflammations,  such  as 
simple  and  tubercular  leptomeningitis,  readily  involve  the  substance 
of  those  nerves. 
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Chronic  inflammations  also  extend,  by  contiguity,  to  nerves.  Thus 
an  inflammation  of  a  joint,  or  a  dysenteric  inflammation  of  the  intes- 
tine may  give  rise  to  a  neuritis.  It  is  most  frequent  as  a  result  of 
inflammation  of  the  pelvic  organs,  the  bladder,  uterus,  etc.  It  is  im- 
portant to  observe  that  inflammations  originating  thus  may  extend  up 
the  nerves,  and  we  may  have  an  Ascending  neuritis  which  may  extend 
even  to  the  spinal  cord  and  its  membranes.  It  is  to  be  presumed 
that  the  irritant  having  obtained  entrance,  gradually  finds  its  wa}7 
along  the  lymph-spaces  of  the  nerve,  which  we  have  seen  to  be  some- 
what independent  of  those  around. 

(b)  Leprous  Neuritis. — This  is  characterized  by  the  specific  leprous 
new-formation  which  occurs  in  the  nerve  stems,  as  already  described, 
the  condition  being  a  specific  interstitial  neuritis  with  atrophy  of 
the  nerve  fibres  and  consequent  sensory  and  motor  phenomena 
(see  pp.  237-8). 

(c)  Syphilitic  Neuritis. — This  mostly  occurs  in  the  cranial  nerves, 
where  a  gumma  or  gummatous  inflammation  of  the  meninges  involves 
a  nerve  in  its  transit  from  the  brain  to  its  foramen. 

3.  Tumours  of  Nerves. — The  term  Neuroma  is  applied  to  almost 
all  forms  of  tumours  in  the  course  of  nerves,  and  as  the  majority 
of  these  do  not  consist  of  nervous  tissue,  they  are  to  be  regarded 
as  false  neuromata.  In  the  true  neuroma  there  is  new-formation 
of  nerve  fibres  which  form  a  considerable  portion  of  the  tissue  (see 
Fig.  110,  p.  271).  The  false  neuromata  are  mostly  fibrous  tumours 
of  nerves,  and  there  are  two  forms  which  deserve  special  mention. 

Plexiform  neuroma  consists  of  a  series  of  thickened  cords  composed 
of  connective  tissue  in  the  midst  of  which  the  nerve  fibres  are  con- 
tained. The  connective  tissue  may,  to  a  considerable  extent,  take  the 
characters  of  mucous  tissue. 

Multiple  neuromata  are  really  fibrous-tissue  tumours,  and  as  such 
are  described  at  p.  255. 

Sarcoma  is  very  rare  in  nerves.  Cancers  do  not  occur  as  primary 
tumours,  but  nerves  are  often  involved  in  the  extension  of  such 
tumours  from  neighbouring  parts.  It  often  happens  that  a  cancer  or 
sarcoma  grows  around  a  nerve,  which  passes  through  its  midst  without 
becoming  the  seat  of  the  tumour  tissue.  This  is  again  to  be  associated 
with  the  apparent  independence  of  the  lymph  spaces  in  nerves.  Some- 
times, however,  a  cancer  breaks  into  a  nerve,  and  grows  in  the  lymph 
spaces  between  the  perineurium  and  the  bundle  of  fibres.  In  such 
cases  the  nerve  fibres  undergo  degeneration. 

Literature. — Ranvier,  Lepons  sur  Phistologie  du  systeme  nerveux,  1878  ;  Cornil 
et  Ranvier,  Histol.  path.,  2nd  ed.,  1881,  i.,  661  ;  Wolberg,  Deutsch.  Zeitschr. 
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f.  Chir.,  xviii.  and  xix.,  1883  (with  literature)  ;  Pitres  et  Vaillard,  Arch.  d. 
phys.,  v.,  1885;  Stroebe  (Degeneration  and  Kegeneration),  Ziegler's  Beitrage,  xiii., 
1893 ;  Weir  Mitchell,  Injuries  of  nerves,  1872 ;  Weir  Mitchell,  Morehouse, 
and  Keen,  Gunshot  wounds  and  other  injuries  of  nerves,  1881 ;  Leyden  (ascending 
neuritis),  Volkmann's  Vortrage,  Syd.  Soc.  transl.,  1876;  Bowlky,  Injuries  and 
Diseases  of  Nerves,  1889.  Multiple  neuritis — see  full  account  by  Buzzard,  Harveian 
Lectures,  in  Lancet,  1885,  vol.  ii.,  also  separate  publication;  Drummond,  Peripheral 
paralysis,  1888 ;  Finlay,  Trans.  Med.  Chir.  Soc,  1887 ;  Boss,  Med.  Chronicle, 
1890;  Boss  and  Bury,  On  Peripheral  neuritis,  1893.  Tumours— see  literature 
under  Neuroma,  p.  272. 

B. — The  Spinal  Cord  and  Medulla  Oblongata. 

Anatomical  Introduction. — The  cord  is  made  up  of  grey  substance,  forming  the 
ganglionic  centres  and  consisting  of  ganglion  cells  in  the  midst  of  a  fine  network, 
and  of  white  substance  consisting  of  medullated  nerve  fibres  having  essentially 
the  structure  of  those  in  the  peripheral  nerves. 

The  grey  substance  of  the  cord  is  arranged  in  the  well-known  form  of  an 
anterior  and  a  posterior  cornu  on  either  side,  with  a  commissure  across  the  middle 
line.  The  ganglionic  centres  have  their  seat  chiefly  in  the  anterior  cornua,  and 
form  tolerably  definite  groups  whose  arrangement  may  be  followed  by  reference 
to  Fig.  313,  which  shows  sections  of  the  lumbar  and  cervical  enlargements. 


Fig.  313. — Sections  of  spinal  cord  from  middle  of  lumbar  and  cervical  enlargements, 
showing  groups  of  ganglion  cells ;  a  I  and  p  I,  antero-lateral  and  postero-lateral,  a, 
anterior,  i,  internal,  c,  central,  to,  median,  groups.  (Ross.) 

There  are  the  lateral  groups  divided  into  antero-lateral  and  postero-lateral  (al  and 
pi),  the  anterior  group  (a),  and  the  internal  group  (i).  Towards  the  centre  of 
the  horn  is  the  central  group  (c).  The  median  group  (in)  is  much  larger  in  the 
cervical  than  in  other  parts  of  the  cord,  and  so  causes  the  horn  to  be  extended 
laterally  (see  Fig.  313).  Lastly,  there  is  a  group  of  cells,  generally  called  Clarke's 
vesicular  column,  situated  near  the  internal  border  of  the  posterior  horns  close 
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to  the  posterior  commissure.  The  group  is  present  only  in  the  lower  part  of 
the  cervical  enlargement,  in  the  dorsal  region,  and  in  the  upper  part  of  the 
lumbar  enlargement  (see  vc,  Fig.  314). 

The  white  substance,  consisting  of  nerve  fibres,  forms  connections  in  the  first 
place  with  the  various  orders  of  centres  in  the  cord  itself,  and  in  the  second 
place  with  the  higher  centres  above  the 
cord,  ;<in  the  brain.  We  may  thus  distin- 
guish two  sets  of  nerve  fibres,  one  forming 
connections  within  the  cord  and  medulla 
and  the  other  forming  communications 
between  the  cord  and  the  cerebellum  and 
cerebrum.  These  two  sets  of  fibres  will  be 
divisible  again  into  afferent  and  efferent. 

It  is  a  fact  of  very  peculiar  interest,  that 
the  two  sets  of  fibres  distinguished  above 
seem  to  be  developed  not  only  separately 
but  at  different  periods,  and  so  the  aid  of 
embryology  has  been  sought  to  enable  us 
to  distinguish  between  them.  The  fibres 
which  connect  the  different  parts  of  the 
cord  and  medulla  with  each  other  may  be 
regarded  as  the  Primary  or  Fundamental 
fibres,  and  it  is  found  that  they  are  the 
first  formed,  while  those  forming  higher 
connections  are  of  subsequent  development, 
and  may  be  named  Secondary  or  Accessory 
fibres.  As  nerve  fibres  are  first  developed 
without  the  medullary  sheath,  and  recently 
formed  tracts  are  therefore  much  paler 

than  those  which  have  acquired  it,  we  have  in  this  a  means  of  distinguishing 
the  fundamental  from  the  secondary.  What  follows  will  be  understood  by  refer- 
ence to  Fig.  315,  which  represents  a  transverse  section  of  the  cervical  cord  in  the 
foetus  of  nine  months. 

The  first  developed  fibres  immediately  surround  the  grey  matter,  and  are 
called  the  Anterior  and  Posterior  root-zones,  the  latter  being  also  sometimes  called 
the  columns  of  Burdach.  As  they  form  communications  between  one  part  of 
the  grey  matter  and  another,  the  fibres  are  comparatively  short  and  their  number 
is  generally  in  proportion  to  the  amount  of  grey  matter,  or  at  least  of  ganglion 
cells  in  the  horns.  These  fibres  therefore  do  not  diminish  from  above  down- 
wards as  do  the  others. 

Of  the  fibres  forming  communications  between  the  brain  and  cord,  the  best 
known  are  those  which  convey  the  motor  impulses  from  the  brain  to  the  cord. 
These  form  the  Pyramidal  tract.  We  shall  afterwards  trace  them  from  the 
cortex  of  the  brain  downwards,  but  at  present  we  take  them  up  at  the  medulla 
oblongata.  Here  they  form  the  anterior  pyramids  and  most  of  the  fibres 
decussate  so  that  in  the  cord  they  occupy  the  opposite  side  to  that  which  they 
have  in  the  brain.  Some  of  them,  however,  do  not  decussate,  but  remain  in 
the  anterior  parts  of  the  cord,  forming  a  small  band  on  either  side  of  the 
anterior  longitudinal  fissure,  the  Column  of  Turck  (71  in  figure).  The  great 
mass  of  the  fibres,  having  decussated,  pass  to  the  lateral  column  of  the  cord, 


Fig.  314.—  Section  of  dorsal  region  of  cord. 
Letters  same  as  in  previous  figure,  with  the 
addition  that  the  antero-lateral  and  postero- 
lateral groups  are  se|  arated  by  a  medio- 
lateral  area  (ml),  and  Clarke's  column  (vc)  is 
shown.  (Ross.) 
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where  they  occupy  a  definite  position  in  its  posterior  parts  (pt  in  figure).  The 
fibres  in  both  these  positions  diminish  in  number  from  above  downwards,  as 
they  pass  into  the  grey  substance  of  the  cord  at  successive  levels  in  order  to 
connect  with  the  centres  in  the  anterior  cornua. 


Fig.  315. — Cervical  enlargement  of  cord  in  a  foetus  of  nine  months.  A  and  P, 
anterior  and  posterior  cornua;  G,  columns  of  Goll ;  T,  columns  of  Turck: ;  ar  and 
pr,  anterior  and  posterior  root-zones ;  pt,  pyramidal  tract ;  dc,  direct  cerebellar 
tract.  (Ross.) 

The  secondary  centripetal  fibres,  or  those  which  form  sensory  connections 
between  the  cord  and  brain,  are  represented  by  a  tract  in  the  posterior  columns 
lying  next  the  posterior  longitudinal  fissure,  and  occupying  a  position  some- 
what similar  to  that  of  the  columns  of  Turck  anteriorly.  These  are  called 
the  Columns  of  Goll  (G  in  figure). 

Besides  this  there  is  a  tract  which  forms  communications  between  the 
cerebellum  and  the  cord,  but  which  is  not  of  late  development.  This  is  the 
so-called  Direct  cerebellar  tract  {dc  in  figure),  which  lies  in  the  lateral  column 
outside  the  pyramidal  tract,  and  as  if  flattened  against  the  surface.  The 
function  of  this  tract  is  not  known,  but  it  is  composed  of  centripetal  fibres 
and  diminishes  from  above  downwards  even  more  quickly  than  the  pyramidal 
tract,  so  that  by  its  disappearance  the  latter  may  come  to  the  surface. 

According  to   Gowers  there   is   a   centripetal  tract   anterior  to  the  direct 
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cerebellar  and  pyramidal  tracts,  and  lying  for  the  most  part  close  to  the 
surface  of  the  cord,  where  it  extends  almost  to  the  anterior  median  fissure. 
This  is  called  the  Antero-lateral  ascending  r-, 
tract.    It  is  thus  similar  in  position  to  the 
cerebellar  tract. 

In  the  Medulla  oblongata  the  grey  and 
white  substances  of  the  cord  may  be  traced 
upwards,  but  they  undergo  considerable 
dislocation.  From  the  examination  of  Fig. 
316  it  will  be  seen  that,  as  the  central 
canal  passes  backwards  and  finally  opens 
out  in  the  fourth  ventricle,  the  grey 
matter  departing  from  its  arrangement 
into  cornua  but  still  aggregated  in  the 
neighbourhood  of  the  central  canal  and 
ventricle,  forms  various  masses  in  the 
posterior  part  of  the  medulla. 

These  masses  have  special  importance 
as  being  the  nuclei  of  origin  of  certain 
nerves,  and  will  be  afterwards  more  par- 
ticularly referred  to,  in  connection  with 
bulbar  paralysis.  The  white  substance 
gradually  comes  to  occupy  the  middle  and 
anterior  parts  of  the  medulla,  and  the 
olivary  body  is  intercalated  in  its  midst. 
The  pyramidal  tract  is  easily  recognized 
here,  forming  the  anterior  pyramids  (p), 
which  decussate  at  the  lower  part  of  the 
medulla  (A).  The  motor  fibres,  having 
assumed  a  position  in  front,  remain  an- 
terior to  the  sensory  in  the  rest  of  their 
course  in  the  brain. 

Post-mortem  changes  and  injuries.  Arte- 
facts. The  soft  structures  of  the  cord  and 
brain  are  very  liable  to  interference  during 
the  process  of  removal,  and  to  distortions 
and  other  changes  in  the  course  of  harden- 
ing. Great  care  should  be  exercised  in 
removing  the  parts,  and  also  in  placing 
them  into  the  hardening  media  in  such 
a  way  as  that  they  shall  not  be  twisted  or 
distorted.  In  spite  of  all  precautions  there 
are  liable  to  be  artificial  changes  in  the 
tissue,  especially  when  the  post-mortem 
is  made  some  time  after  death.  These 
various  changes  and  injuries  constitute  the 
so-called  Artefacts.  It  is  well  to  have  the  post-mortem  made  as  soon  as  possible, 
and  in  the  meantime  the  body  may  be  placed  with  the  face  downwards  and  in  a 
cold  atmosphere. 

Literature.— For  a  very  full  exposition  of  the  structure  and  development  of 


Fig.  316. — Medulla  oblongata  at  various 
levels,  A,  at  decussation  of  pyramids  (p),  the 
general  shape  of  the  cornua  still  retained. 

B,  higher  up,  the  grey  matter  passing  back- 
wards, and  pyramids  becomingmore  isolated. 

C,  in  fourth  ventricle,  the  nuclei  in  the  floor 
of  which  are  shown.  (Quain.) 
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the  cord  see  Eoss's  Nervous  system,  vol.  i.  An  important  contribution  is  that 
by  Flechsig,  Die  Leitungsbahnen  im  Gehirn  und  Riickenmark  des  Menschen, 
1876.  For  diseases  of  spinal  cord,  Eoss  and  Gowers  are  very  complete  ;  also 
Erb's  very  excellent  work  in  Ziemssen's  Encyclopedia ;  Charcot,  Lectures  on 
dis.  of  nervous  syst.,  Syd.  Soc.  transl.,  2nd  series,  1877  and  1881.  Bramwell, 
Dis.  of  spinal  cord,  1882  ;  Hammond,  A  treatise  on  dis.  of  nervous  system,  6th 
ed.,  1876 ;  Leyden,  Klinik  der  Euckenmarkskrankheiten,  1875.  Paul  Blocq 
and  Albert  Londe,  Anat.  Path,  de  la  moelle  epiniere,  Paris,  1891 ;  Van  Gieson, 
Artefacts  of  the  nervous  system,  reprint  from  New  York  Medical  Journal,  1892. 

I. — SECOND AEY  DEGENERATIONS  IN  THE  CORD. 

Causation. — Secondary  degenerations  occur  in  the  brain  and  spinal 
cord  as  a  result  of  interruption  of  nerve  fibres,  and  they  are  to  be 
understood  on  similar  principles  to  the  degeneration  of  peripheral 
nerves  from  division  of  their  fibres.  The  interruption  to  the  nerve 
fibres  may  be  in  the  brain,  in  the  cord  itself,  or  in  the  posterior 
nerve  roots.  Those  occurring  in  the  brain  are  mostly  the  result  of 
haemorrhages,  softenings,  or  other  coarse  lesions.  In  the  cord  itself 
interruption  is  the  result  of  inflammation,  of  direct  injuries,  or  of 
lesions  which  press  on  the  cord.  Acute  curvature  of  the  spine, 
whether  the  result  of  injury,  as  when  there  occurs  a  fracture-dis- 
location of  the  vertebrae,  or  of  disease,  as  in  tuberculosis  of  the 
vertebrae,  is  a  somewhat  frequent  cause.  Pressure  on  the  cord  is 
produced  in  various  ways.  As  the  cord  is  within  a  rigid  bony 
canal,  any  increase  in  the  contents  of  the  canal  is  apt  to  cause 
pressure  on  the  cord.  Thus  haemorrhage  into  the  spinal  canal,  such 
as  results  from  an  aneurysm  bursting  into  the  canal,  may  cause  it. 
Again  tuberculosis  of  the  vertebrae,  if  it  extends  to  the  membranes 
of  the  cord,  leads  to  great  thickening  of  them,  a  pulpy  granulation 
tissue  being  produced  like  that  in  tuberculosis  of  joints.  The  pressure 
of  this  new-formed  tissue  has,  in  several  cases  observed  by  the  author, 
led  to  interruption  to  the  cord.  Again,  tumours  of  the  membranes 
or  of  the  cord  may  have  a  similar  result.  Syphilitic  lesions  in  some 
cases  press  on  the  cord  and  lead  to  interruption.  Lastly,  inflam- 
mations in  the  cord  itself,  by  the  pressure  of  the  exudation  or,  in 
chronic  inflammation,  of  the  new-formed  connective  tissue  may 
interrupt  the  nerve  fibres. 

Character  of  the  changes.  Grey  Degeneration.  Sclerosis. — We 
have  already  seen  that  when  a  nerve  stem  in  an  animal  or  in  man 
is  divided,  the  peripheral  portion  of  the  nerve  degenerates.  The 
most  prominent  changes  are  in  the  medullary  sheath  which  coagulates, 
then  breaks  up,  and  is  finally  absorbed.  The  degeneration  occurs 
from  the  point  of  section  towards  the  periphery,  and  we  have  seen 
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that  the  explanation  of  this  seems  to  be  that  the  nerve  fibres  are 
cut  off  from  the  nerve  cells  of  which  the  axis  cylinders  are  pro- 
longations. In  the  central  nervous  system,  when  the  fibres  are 
interrupted,  the  degeneration  is  of  the  same  character  as  in  peripheral 
nerves,  and  results  in  the  destruction  of  the  medullary  sheath. 

The  opaque  dead  white  colour  of  the  white  or  fibrous  nerve 
substance  is  due  to  the  medullary  sheath,  which  is  a  highly 
refracting  fatty  substance.  If  this  medullary  sheath  be  lost,  then 
the  white  nerve  substance  becomes  grey,  and  so  we  speak  of  Grey 
degeneration  in  all  cases  where  the  medullary  sheath  is  lost,  whether 
from  the  cause  we  are  considering  or  not.  A  tract  of  white  nervous 
tissue  affected  with  this  degeneration  will  be  like  a  tract  of  grey 
substance. 

When  a  degenerated  area  is  examined  under  the  microscope  the 
most  marked  change  is  the  great  reduction  in  the  number  of  nerve 
fibres,  as  shown  in  Fig.  317.    The  connective  substance  is  greatly 


Fig.  317.— Sclerosis  or  grey  degeneration  of  cord.  To  the  right  is  normal  white 
substance.  To  the  left  the  degenerated  tissue  shows  a  granular  basis-substance 
in  which  a  few  nerve  fibres  are  still  visible.  From  a  case  of  descending  degener- 
ation.   X  80. 

increased,  and  the  nerve  fibres  appear  only  at  intervals,  a  few 
surviving  in  the  midst  of  the  general  destruction.  There  is  some- 
times also  considerable  shrinking  of  the  degenerated  area,  but  this 
is  much  more  manifest  in  the  medulla  oblongata  and  parts  above 
it  than  in  the  cord. 

In  addition  to  simple  degeneration  there  is  sometimes  a  new- 
formation  of  connective  tissue,  which  some  regard  as  inflammatory 
in  character.  The  inflammatory  character  is  little  marked  in  second- 
ary degeneration,  but  there  are  some  forms  of  grey  degeneration  in 
which  the  inflammatory  new-formation  is  perhaps  the  primary  factor, 
and  the  degeneration  of  the  nerve  fibres  the  result  of  it.  Whether 
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there  be  new-formed  connective  tissue  or  not,  and  whether  the  process 
be  inflammatory  or  not,  the  absence  of  the  soft  medullary  sheath 

causes  a  hardening  of  the  tissue,  and  so  the 
term  Sclerosis  when  applied  to  the  white 
substance  is  nearly  equivalent  to  grey  de- 


It  has  been  said  above  that  the  degene- 
ration occurs  in  the  fibres  which  are  cut 
off  from  their  cells,  and  it  seems  that  in 
the  cord  as  a  rule  the  cells  are  at  the  lower 
termination  of  the  afferent  fibres  and  at  the 
upper  termination  of  the  efferent.  Hence 
the  degeneration  mostly  follows  the  direc- 
tion in  which  the  nerve  conducts,  passing 
upwards  from  the  seat  of  lesion  in  the  case 
of  centripetal  fibres  and  downwards  in  the 
case  of  centrifugal.  So  we  speak  of  ascend- 
ing and  descending  degeneration. 

The  degeneration  takes  some  time  to  de- 
velop. According  to  experiments  in  dogs 
it  begins  fourteen  days  after  the  infliction 
of  an  injury,  but  it  is  many  weeks  before 
the  appearances  are  fully  established. 

FORMS  OF  SECONDARY  DEGENERATION. 

I.  Descending  grey  degeneration  (De- 
scending sclerosis). — As  we  have  just  seen, 
this  lesion  affects  centrifugal  or  motor 
fibres,  including  the  fibres  of  the  anterior 
root-zone  and  the  pyramidal  tract.  The 
former  are  short  fibres,  and  when  they  are 
interrupted  there  is  a  descending  degenera- 
tion extending  only  a  short  distance  down 
wards.  But  the  fibres  of  the  pyramidal 
tract  are  continuous  from  the  brain  down- 
wards to  the  extremity  of  the  cord,  and 
wherever  interrupted  they  show  degenera- 
tion in  all  parts  situated  below  the  lesion. 

The  degeneration  of  the  pyramidal  tract 
is  most  frequently  brought  about  by  a 
in  that  case  it  exists  in  the  parts  of  the 


Fig.  318.— Descending  degenera- 
tion in  medulla  oblongata  and  cord. 
a,  Medulla  at  fourth  ventricle,  b,  at 
decussation,  c,  d,  e,f,  cord  in  upper 
and  lower  cervical,  dorsal,  and 
lumbar  regions. 


Lesion  of  the  brain,  and 


tract  above  as  well  as  in  those  below  the  medulla  oblongata.  We 
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have  here  to  consider  it  in  the  medulla  and  cord.  In  the  medulla 
oblongata  it  occupies  the  anterior  pyramid  (see  Fig.  318a  and  Fig. 
319),  where  it  frequently  produces  great  shrinking.    At  the  lower 


Fig.  319.— Medulla  oblongata  in  de-  Fig.  320.— Lower  part  of  medulla  ob- 

scending  sclerosis.   The  anterior  pyramid  longata  at  the  crossing  of  the  pyramids, 

on  the  left  side  is  shrunken  and  pale.  The  pale  and  degenerated  areas  are 

(Prepared  by  Weigert's  method.)  shown  interrupted  by  the  unaffected 

fibres  of  the  opposite  side. 


part  of  the  medulla  (Fig.  3185  and  Fig.  320)  the  degenerated  fibres 
decussate  and  the  degeneration  takes  up  its  position  at  first  at  the 
side  of  the  central  canal  (see  Fig.  318),  afterwards,  in  the  cord,  passing 
into  the  lateral  columns  in  the  regular  position  of  the  pyramidal 
tract  (Fig.  318  c,  d,  e,  f,  and  Figs.  321  and  322).    In  some  cases  it 


Fig.  321. — Descending  degeneration,  cer- 
vical region.  The  pyramidal  tract  on  the 
right  side  is  pale. 


Fig.  322. — Descending  degeneration, 
lumbar  region.  The  affected  pyramidal 
tract  small  and  reaching  the  surface. 


entirely  decussates,  but  the  column  of  Tiirck  in  the  anterior  white 
column  is  also  affected  in  most  cases.  In  its  whole  course  the  lesion 
diminishes  from  above  downwards,  but  is  traceable  down  to  the 
lumbar  region. 

2Q 
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The  pyramidal  tract  may  be  interrupted  in  any  part  of  its  course, 
and  it  may  be  so  in  the  cord.  If  the  entire  cord  be  divided  there 
is,  immediately  beneath  the  point  of  section,  a  degeneration  of  the 
anterior  root-zones  which  is  continued  but  a  short  distance.  There 
is  also  a  degeneration  of  the  pyramidal  tract  on  both  sides  continued 
downwards  the  whole  length  of  the  cord.  The  interruption  either 
in  the  cord  or  brain  may  be  incomplete,  and  in  that  case  the  de- 
generated fibres  will  be  fewer  in  number  and  the  area  less  distinctive 
in  appearance. 

Effect  on  function  of  descending  sclerosis. — We  have  already  seen 
that  the  pyramidal  fibres  end  in  the  cord  at  successive  levels,  passing 
into  the  ganglionic  centres.  When  the  fibres  are  degenerated  these 
centres  are  cut  off  from  the  higher  centres  and  left  more  to  themselves. 
They  are  still  connected  with  the  muscles,  which  retain  their  con- 
tractile power.  Voluntary  motion  is  lost,  but  certain  involuntary 
muscular  phenomena  may  be  even  exaggerated. 

Late  rigidity,  occurring  in  hemiplegia,  or  in  paraplegia  from  injury 
to  the  cord,  comes  on  a  considerable  time  after  the  onset  of  the 
paralysis,  and  may  be  regarded  as  coinciding  in  time  with  the  full 
development  of  the  sclerosis.  There  is  here  a  more  or  less  permanent 
contraction  of  some  muscles  with  absence  of  contraction  in  others, 
producing  sometimes  fixation  of  the  members  of  the  body  in  special 
positions  so  as  to  have  the  appearance  of  deformity.  This  fixed 
condition,  due  to  the  muscular  spasm,  is  often  called  Contracture. 
It  implies  a  continuous  impulse  to  the  contracted  muscles  originating 
in  the  cord  or  elsewhere.  Charcot  suggests  that  the  inflammatory 
process  which  he  supposes  to  be  involved  in  the  sclerosis  may  irritate 
the  fibres  passing  to  the  anterior  cornua  and  so  result  in  the  stimula- 
tion of  the  muscular  centres  there.  But  this  view  can  hardly  be 
accepted ;  there  may  be  almost  no  signs  of  inflammation  in  the 
affected  part  and  yet  marked  rigidity.  Besides,  it  is  difficult  to 
understand  how  irritation  of  degenerated  and  virtually  lost  fibres 
should  cause  stimulation  of  the  ganglion  cells.  A  more  probable 
explanation  is  suggested  by  Hitzig.  Taking  as  an  example  the  case 
of  the  arm  in  hemiplegia,  it  appears  that  the  contraction  occurs 
most  readily  in  those  muscles  which  are  in  a  position  to  contract 
most  easily.  The  hemiplegic  generally  lies  in  bed  with  his  forearm 
across  his  chest,  and  even  when  walking  about  he  supports  it  across 
his  chest,  and  it  is  the  biceps  which  becomes  rigid.  Then  it  has 
been  shown  that  when  the  fingers  are  released  from  the  action  of 
the  muscles  and  left  to  assume  the  position  to  which  the  bones  and 
ligaments  best  accommodate  themselves,  they  assume  a  semi-flexed 
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position,  such  as  we  see  in  the  dead  body.  It  is  obvious  that  the 
flexor  muscles  will  most  easily  contract  under  these  circumstances, 
and  it  is  they  which  get  rigid  in  hemiplegics.  Take  along  with  this 
the  fact  which  Volkmann  points  out,  that  muscles  can  actively  con- 
tract but  cannot  actively  relax,  and  it  is  seen  that  any  slight  impulse 
is  apt  to  be  cumulative  when  there  is  no  action  of  antagonistic  muscles. 
The  centres  of  the  anterior  cornua  are  still  in  connection  with  the 
muscles,  and  although  cut  off  from  the  upper  brain  are  still  exposed 
to  irregular  and,  as  it  were,  accidental  stimulation.  There  are  reflex 
stimuli,  and  there  are  stimuli  from  above  conveyed  in  a  roundabout 
way  through  the  still  open  communications  in  the  cord.  A  multitude 
of  slight  stimulations  will  reach  the  centres  and  feeble  impulses  will 
be  conveyed  to  the  muscles.  Those  which  from  their  position  are 
stretched  will  not  contract,  but  those  which  are  so  placed  as  to 
contract  easily  will  do  so,  at  first  feebly  but  with  cumulative  force. 
This  view  is  supported  by  the  fact  that,  in  the  early  stages  of  late 
rigidity,  there  is  often  considerable  relaxation  of  the  muscles  after 
prolonged  rest,  as  in  sleep,  so  that  a  limb  which  was  rigid  at  night 
is  found  in  the  morning  soft  and  movable.  The  ganglion  cells  in 
sleep  are  protected  from  external  stimulation  and  they  cease  acting. 

The  exaggerated  Muscle  reflex  which  is  exemplified  in  the  familiar 
clinical  demonstration  of  the  Knee-jerk  and  ankle-clonus,  may  be 
regarded  as  due  to  the  isolation  of  the  muscular  centres  in  the  cord. 
When  the  control  of  higher  centres  is  removed,  lower  centres  usually 
act  more  readily.  The  skin  reflex  is  frequently  decreased,  but  the 
muscle  centres  seem  to  be  more  powerfully  acted  on  by  stimuli 
coming  from  the  muscles. 

2.  Ascending  grey  degeneration  (Ascending  sclerosis). — This  condi- 
tion occurs  as  a  result  of  any  cause  which  interrupts  the  ascending 
or  sensory  fibres  of  the  cord.  The  degeneration  affects  the  centripetal 
fibres,  and  these  we  have  already  seen  to  be  of  two  kinds.  There 
are  the  short  fibres  communicating  between  different  segments  of 
the  cord,  and  forming  the  posterior  root-zones,  and  there  are  the 
longer  fibres  communicating  between  the  cord  and  brain,  and  forming 
the  columns  of  G-oll,  the  direct  cerebellar,  and  partly  the  antero- 
lateral tracts.  Immediately  above  the  lesion,  all  of  these  are  affected, 
so  that  the  degeneration  has  considerable  lateral  extension,  involving 
the  whole  of  the  posterior  columns  and  the  direct  cerebellar  tracts. 
But  the  lesion  soon  limits  itself  to  the  columns  of  Goll,  the  direct 
cerebellar,  and  partly  the  antero-lateral  tracts  (see  Figs.  323  and 
324),  and  in  these  parts  it  can  be  traced  up  to  the  restiform  body 
on  the  one  hand,  and  the  cerebellum  on  the  other.    According  to 
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Schiefferdecker,  the  degeneration  in  these  situations  diminishes  from 

below  upwards,  the  diminution  occurring  at 
intervals  as  if,  at  definite  levels,  fibres  passed 
into  the  grey  matter  of  the  cord. 


■f 


Fig.  324.— Ascending  grey  degeneration.  The  columns: 
of  Goll  and  the  direct  cerebellar  tracts  are  visibly  pale. 
(Preparation  by  Weigert's  method.) 


Some  cases  have  been  recorded  in  which 
a  tumour  pressing  on  the  cauda  equina,  or  a 
severe  traumatic  lesion  of  the  sciatic  nerves, 
had  led  to  ascending  degeneration  of  the 
cord.  In  the  lumbar  and  lower  dorsal 
regions  the  whole  posterior  white  columns 
were  degenerated,  but  on  passing  upwards 
the  degeneration  became  limited  to  the 
columns  of  Goll  and  the  cerebellar  fibres  as 
above.  We  may  infer  from  this  that  the 
fibres  of  the  posterior  column  are,  to  a  large 
extent,  continuous  with  the  posterior  nerve- 
roots,  and  that  they  are  prolongations  of 
the  cells  in  the  ganglia  of  the  posterior  roots 
outside  the  cord. 

It  will  be  evident  that  a  lesion  which 
interrupts  the  cord  will  lead  to  an  ascending 
degeneration  above  its  seat  and  a  descending- 
degeneration  below  it,  as  in  Fig.  323.  The 
Transverse  myelitis  (e)  degeneration  will  diminish  in  both  cases  as 

with  secondary  ascending  and  de-  0         j  i      i     •  •  i  i       •    n     ,    i  A 

scending  degeneration.  At  d  the  we  pass  from  the  lesion,  quickly  at  nrst,  but 

ascending  degeneration  affects  the      n.  -.  in 

posterior  root-zones,  the  columns  afterwards  more  gradually. 
ta^T^i^tajaSS  3.  Degeneration  in  the  cord  after  ampu- 
foiumnsTf  Turck  ^e\yrl  tations.-The  removal  of  a  limb  abolishes 
midai  tracts  are  affected.  (Ebb.)  the  function  0f  tm3  nervous  structures  con- 
cerned in  the  movements  and  other  actions  of  the  limb,  and  so  these 
structures  undergo  atrophy  from  disuse.  The  posterior  roots  of  the 
nerves  are  often  slightly  atrophied,  but  the  white  columns  of  the  cord 
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are  not  affected.  The  principal  change  is  in  the  anterior  cornua,  where 
some  of  the  ganglion  cells  completely  disappear,  and  others  are  shorn 
of  their  processes  and  atrophied.  This  occurs  at  a  part  of  the  cord 
corresponding  with  the  amputated  limb,  and  on  the  same  side  of  the 
body.  If  the  amputation  has  been  made  comparatively  late  in  life 
there  is  usually  little  change  in  the  cord ;  the  earlier  the  age  of  the 
person  at  the  time  of  the  amputation  the  more  likely  are  these  changes 
to  occur. 

In  a  case  recorded  by  Edinger,  in  which  intra-uterine  amputation 
of  the  forearm  had  occurred,  and  the  person  lived  to  the  age  of  52, 
there  was  considerable  atrophy  of  the  nerves  and  of  the  corre- 
sponding half  of  the  cord,  especially  of  the  grey  matter.  There 
was  also  some  atrophy  in  the  motor  region  of  the  convolutions  in 
the  brain. 

Literature. — Besides  general  works  already  noted,  Charcot,  Lectures  on  localiza- 
tion of  cerebral  and  spinal  diseases,  Syd.  Soc.  transl.,  1883  ;  Turck,  Sitzungsber. 
d.  Akad.  d.  Wiss.  Wien,  vols,  vi.,  1851,  and  xi.,  1853  ;  Leyden,  Deutsch.  Klinik, 
1863  ;  Gowers,  Diagnosis  of  dis.  of  spinal  cord,  2nd  ed.,  1881,  and  dis.  of  nervous 
system,  2nd  ed.,  vol.  i.,  1892 ;  Schiefferdecker,  Virch.  Arch.,  lxvii.,  1876 ; 
Dreschfeld  (Cord  after  amputation),  Jour,  of  Anat.  and  Phys.,  1879,  xiv.,  424 ; 
Genzmer,  Virch.  Arch.,  1876,  lxvi.,  265  ;  Edinger,  Virch.  Arch.,  1882,  lxxxix.,  46, 
and  Vorlesungen  iib.  den  Bau  der  nerv.  Centralorg.,  4th  ed.,  1893. 

II.  — INFLAMMATIONS  OF  THE  SPINAL  CORD. 

In  its  widest  acceptation,  inflammation  of  the  spinal  cord,  or  mye- 
litis, includes  a  large  number  of  widely-different  conditions,  each  of 
which  will  be  considered  separately.  The  cases  may  for  convenience 
be  divided  into  two  groups.  In  one  of  these  the  affection  has  a 
limited  longitudinal  extension,  but  involves  the  cord  rather  in  its 
thickness.  For  cases  of  this  class  it  is  customary  to  use  the  expression 
Transverse  myelitis  in  order  to  distinguish  them  from  those  in  which 
a  considerable  length  of  cord  is  attacked,  while  the  inflammation  has  a 
limited  transverse  extension.  The  former  are  usually  due  to  a  definite 
cause  which  acts  on  the  cord  at  a  particular  level.  In  the  second 
group  the  inflammation  follows  a  particular  physiological  system  in 
the  cord,  as  for  instance  a  tract  of  white  substance,  and  extends  in  it 
for  some  distance  from  above  downwards  ;  hence  the  name  Systematic 
inflammations  applied  to  this  group.  Such  inflammations  may  involve 
the  white  substance  or  the  grey  substance,  and  they  are  often  distin- 
guished by  the  names  Poliomyelitis  (ttoAios  =  grey)  and  Leucomyelitis 
(XevKos  =  white).     These  inflammations  have  for  the  most  part  no 
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assignable  cause,  and  are  sometimes  called  spontaneous.  In  some  of 
them  the  process  shows,  perhaps,  more  of  a  degenerative  than  an 
inflammatory  character.  Besides  these  there  is  a  form  of  myelitis  in 
which  the  lesions  are  somewhat  irregularly  diffused  over  different 
parts  of  the  brain  and  cord. 

A. — Transverse  Myelitis. 
1.  Acute  transverse  myelitis  (Softening  of  the  cord) — Causation.— 

Cases  occasionally  occur  of  a  limited  transverse  myelitis,  manifested 
in  a  softening  of  the  cord,  without  any  sufficient  cause  being  apparent. 
These  cases,  which  are  usually  designated  spontaneous  or  primary, 
are  assigned  to  exposure  to  cold,  especially  when  the  body  is  over- 
heated or  during  menstruation.  The  nature  of  the  irritant  in  such 
cases,  and  its  source,  are  quite  obscure,  as  well  as  the  reason  for  its- 
localization  at  a  particular  part  of  the  cord.  Syphilis  and  certain  of 
the  acute  specific  fevers  are  sometimes  assigned  as  causes  of  softening 
of  the  cord. 

Direct  injury  to  the  cord,  as  by  fractures  and  dislocations,  or  acute 
curvature  of  the  spine,  produces  myelitis,  especially  where  haemor- 
rhage has  been  induced.  In  this  connection  the  great  vascularity 
of  the  grey  substance  as  compared  with  the  white,  is  to  be  taken  into 
account.  An  injury  to  the  cord,  as  by  an  acute  curvature  or  even  a 
concussion,  may  produce  a  haemorrhage,  which  is  often  limited  to  the 
grey  substance.  The  haemorrhage  may  itself  be  the  efficient  cause  of 
the  softening.  Inflammations  extending  to  the  meninges  may,  by  the 
action  of  the  inflammatory  exudation,  induce  a  softening.  Tumours 
have  sometimes  a  similar  effect,  although  their  action  is  liable  to  be 
more  gradual,  so  as  to  produce  a  chronic  inflammation. 

Characters  of  the  lesion. — The  myelitis  is  limited  in  longitudinal 
extent,  and  as  the  usual  result  is  softening  of  the  cord,  the  expression 
Acute  softening1  of  the  cord  is  almost  equivalent  to  myelitis.  The 
softening  is  usually  most  manifest  in  the  grey  substance,  and  may 
even  be  apparently  confined  to  it,  but  it  involves  the  white  substance  as 
well,  and  usually  the  whole  thickness  of  the  cord. 

The  softened  nervous  tissue  presents,  in  different  cases,  considerable 
variations  in  colour,  so  that  red,  yellow,  grey,  white,  and  even  green 
softening  have  been  described.  If  much  blood  has  escaped  from  the 
vessels,  there  will  be  red  softening  merging  into  yellow. 

The  characteristic  morbid  changes  are  the  breaking  up  of  the 
nerve  tissue  and  fatty  degeneration  of  the  other  structures.  In  the 
white  substance  drops  of  myeline,  escaped  from  the  medullary  sheath, 
are  found,  and  the  axis  cylinders  are  swollen.    The  fatty  degeneration 
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is  manifested  by  the  presence  of  abundant  compound  granular  cor- 
puscles, which,  to  some  extent,  are  probably  leucocytes  or  neuroglia 
cells,  which  have  picked  up  the  disintegrated  myeline ;  but  there  may 
be  abundant  leucocytes  apart  from  these  cells.  There  is  also  fatty 
degeneration  of  the  walls  of  the  blood-vessels,  the  fat  here  having  a 
similar  source. 

The  myelitis  rarely  goes  on  to  suppuration,  but  usually  passes  into 
a  chronic  stage.  The  fat,  both  of  the  medullary  sheath  and  of  the 
compound  granular  corpuscles,  is  absorbed,  and  a  condition  of  grey 
softening  remains.  As  the  inflammation  becomes  more  chronic  there 
is  new-formation  of  connective  tissue  of  a  cicatricial  character.  In  the 
midst  of  the  connective  tissue  there  are  often  to  be  found  large  cells 
with  radiating  processes,  sometimes  called  "spider  cells"  or  "Deiter's 
cells."  These  are  very  obscurely  visible  in  the  normal  cord,  where 
they  form  part  of  the  neuroglia,  but  here  they  are  much  enlarged. 
In  this  way  the  cord  at  the  part  affected  may  be  replaced  by  a  cicatrix 
or  by  a  cyst,  and  its  conduction  interrupted.  In  some  cases  the  inter- 
ruption is  not  complete,  and  there  may  even  be  a  partial  regeneration 
of  the  conducting  fibres,  and  a  partial  recovery  from  the  paralysis. 

As  a  consequence  of  the  lesion  there  is  extensive  sclerosis  in  the 
immediate  neighbourhood,  as  shown  in  Fig.  325.  This  localizes  itself 
above  and  below  the  seat  of  lesion  as  an 
ascending  and  descending  grey  degenera- 
tion of  the  usual  distribution.  There 
may  be  also  an  extension  of  the  inflam- 
mation upwards  in  the  pyramidal  tract 
for  a  short  distance  from  the  seat  of  the 
lesion  (as  in  the  specimen  figured). 

Gowers  has  described  an  appearance  as  if  a 
new-formation  of  nerve  fibres  were  taking  place, 
and  certainly  the  fact  that  there  may  be  a  partial 
return  of  power  after  motor  paralysis  which  has 
lasted  twelve  months,  would  seem  to  indicate 
that  there  may  be  some  such  new-formation. 


Fig.  325.- 


Extensive  grey  degen- 
eration in  the  cord  immediately 
above  a  transverse  myelitis.  The 
lesion  affects  the  posterior  and 
postero-lateral  columns.  (Weigert 
method.) 


2.  Chronic  transverse  myelitis. — We 

have  just  seen  that  this  condition  may 
follow  on  an  acute  myelitis,  but  the  inflammation  may  be  chronic 
from  the  first,  when  it  is  produced  by  an  irritant  which  acts  gradu- 
ally. It  is  most  frequently  the  result  of  Chronic  compression  of 
the  cord,  as  in  the  case  of  curvature,  or  pressure  by  a  tumour.  It  may 
also  be  propagated  from  the  membranes,  a  spinal  meningitis  passing 
into  a  myelitis.    We  have  already  seen  that  it  may  arise  by  extension 


616 


SPINAL  CORD  AND  MEDULLA  OBLONGATA. 


from  a  peripheral  nerve,  the  inflammation  travelling  upwards  to  the 
cord.  It  occurs  also  from  exposure  to  cold,  from  strains,  etc.,  as  in  the 
case  of  acute  myelitis. 

The  changes  produced  are  those  common  to  chronic  inflammations. 
There  is  new-formation  of  a  dense  connective  tissue,  developing  in  the 
usual  way  from  granulation  tissue.  The  new-formed  tissue  causes 
compression  of  the  proper  nervous  elements  and  their  atrophy.  In  the 
white  substance  the  nerve  fibres  disappear,  and  in  the  grey  substance 
the  ganglion  cells.  With  the  growth  of  this  dense  tissue  there  is  an 
induration  of  the  cord,  and  the  term  Sclerosis  is  applicable.  In  the 
white  substance  this  is  manifested  by  the  usual  appearances  of  grey 
degeneration.  There  is  also  a  degree  of  shrinking  of  the  parts,  and 
this  is  often  especially  manifest  in  the  grey  substance. 

As  the  nervous  structures  are  partially  or  completely  destroyed 
there  is  a  greater  or  less  interruption  of  the  cord,  and  this  results  in 
the  usual  secondary  degenerations  above  and  below  the  seat  of  the 
lesion. 

3.  Diver's  paralysis.  Caisson  disease. — Persons  who  have  been 
working  for  considerable  periods  under  a  greatly  increased  atmospheric 
pressure,  such  as  divers,  or  workers  in  caissons  at  the  foundations  of 
bridges  or  underground  railways,  sometimes  on  coming  into  the  open 
air  become  paralyzed.  It  is  usually  a  paralysis  referable  to  the  spinal 
cord,  and  usually  of  the  legs;  but  there  may  be  apoplectic  attacks 
with  hemiplegia,  indicating  that  the  brain  is  affected.  The  attack  may 
be  fatal,  but  recovery  usually  takes  place. 

There  seems  little  doubt  that  the  condition  arises  from  the  abnormal 
escape  of  gas  from  the  blood-vessels  of  the  cord.  The  person  has  been 
under  a  pressure  of  two  or  three  atmospheres,  and  the  gases  of  the 
blood  accumulate.  On  returning  to  the  ordinary  atmosphere  there  is 
an  excessive  escape  of  gas.  The  cord  being  in  a  confined  canal,  and  its 
tissue  being  soft,  pressure  is  exercised  on  the  nerve  tissue,  and  there 
may  even  be  some  tearing  of  the  tissue.  There  is  rarely  haemorrhage. 
The  injury  to  the  cord  may  induce  a  subsequent  inflammation,  the 
spaces  formed  by  the  gases  becoming  occupied  by  round  cells. 

Literature. — Pott,  Palsy  from  curvature  of  spine,  1776  and  1782 ;  Brodie,  In- 
juries of  the  spine,  1837 ;  Jaccoud,  Des  Paraplegies,  1864  ;  Frommann,  Normal 
und  path.  Anat.  des  Biickenmarks,  1867  ;  Feinberg  (Myelitis  from  varnishing 
the  skin  and  from  cold),  Virch.  Arch.,  lix.,  1874.  For  more  complete  literature 
see  Boss,  ii.,  89. 

B. — Systematic  Myelitis  and  Degeneration. 
As  already  indicated,  in  the  diseases  included  here  the  affection 
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follows  certain  physiological  systems,  and  we  have,  in  the  first  place, 
to  inquire  whether  any  explanation  of  this  can  be  suggested. 

General  causation.— In  almost  all  the  examples  of  inflammation 
studied  in  other  parts  of  this  work,  the  extension  of  the  process  is 
along  definite  paths.  The  irritant  has  been  brought  to  an  organ  by 
the  blood-vessels,  or  by  some  path  of  transit,  such  as  a  mucous  canal, 
and  it  has  extended,  it  may  be,  by  the  lymphatics  or  along  a  surface. 
In  the  lesions  here  to  be  considered,  however,  the  problem  is  much 
more  difficult.  The  localization  of  the  disease  bears  no  relation  to  the 
blood-vessels  or  lymphatic  vessels,  and  if  the  irritant  is  brought  by  the 
blood  there  must  be  local  peculiarities  leading  to  differences  in  the 
susceptibility  of  different  structures. 

In  studying  the  various  structures  which  constitute  the  cord  we 
saw  that  in  the  development  of  the  cord  a  certain  difference  is 
apparent.  In  the  white  substance  there  are  certain  Fundamental 
structures  constituting  the  root-zones,  and  certain  Accessory  tracts 
which  are  separately  developed,  and  mostly  of  later  formation.  In 
the  grey  substance  also  there  are  differences  in  the  periods  at  which 
the  groups  of  ganglion  cells  appear,  so  much  so  that  some  of  them 
which  appear  later  than  the  rest  have  been  named  Accessory  nuclei. 
These  are  chiefly  the  median  and  medio-lateral  groups.  These  various 
tracts  of  white  substance  and  groups  of  ganglion  cells  have  apparently 
different  powers  of  resistance,  and  the  more  recently  developed  or 
accessory  structures  are  least  resistant.  It  is  not  unlikely  indeed 
that  in  some  cases  these  may  be,  from  their  origin,  so  unstable  that 
without  any  obvious  exciting  cause  they  may  tend  to  degenerate. 
In  this  way  the  boundary  line  between  actual  inflammations  and 
simple  degenerations  is  reached.  There  are  some  of  the  diseases 
here  to  be  considered  which  have  undoubtedly  the  characters  of 
inflammation,  and  even  of  acute  inflammation.  But  there  are  others 
in  which  the  characters  are  rather  those  of  a  chronic  degeneration 
or  atrophy  of  the  structures  concerned,  with  very  little  of  an  in- 
flammatory character. 

There  are  thus  various  degrees  of  susceptibility  in  the  different 
structures  of  the  cord  and  medulla  oblongata,  and  when  an  irritant 
exists  in  the  blood,  developed  perhaps  in  connection  with  exposure  to 
cold  or  otherwise,  there  will  be,  according  to  circumstances,  various 
manifestations. 

1.  Sclerosis  of  the  posterior  columns  (Locomotor  ataxia,  Tabes 
dorsalis). — Causation. — Syphilis  is  assigned  as  the  cause  of  this 
disease  in  a  large  proportion  of  cases  (according  to  Gowers  in  about 
two-thirds).     Syphilis  does  not  act  by  means  of  the  local  effects 
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of  a  gumma  or  other  inflammatory  lesion.  It  seems  rather  that 
the  disease  is  a  remote  effect  of  the  syphilitic  poison  acting  on  a 
predisposed  organ.  In  this  respect  it  may  perhaps  be  compared 
with  amyloid  degeneration,  which  is  also  a  late  result,  on  particular 
structures,  of  the  syphilitic  poison.  The  disease  also  occurs  as  a 
result  of  alcoholic  excess,  in  which,  again,  the  prolonged  action  of 
a  poison  is  recognizable.  Concussion  of  the  spine,  over-exertion,  etc., 
have  also  been  stated  as  causes. 

Characters  of  the  changes. — In  connection  with  the  causes  assigned, 
the  fact  should  be  borne  in  mind  that  the  lesions  are  largely  de- 
generative, but  that  they  also  partake  of  the  characters  of  chronic 
inflammation.  They  may  be  compared  with  those  in  peripheral 
neuritis,  which  is  due  to  the  action  of  similar  poisonous  agents. 

If  the  cord  is  examined  in  well-advanced  cases  of  this  disease, 
the  Posterior  white  columns  are  found  grey  and  shrunken,  and 
the  posterior  roots  are  also  atrophied.  There  is  often  meningitis, 
the  soft  membranes  being  thickened  and  adherent  to  the  cord  beneath 
and  sometimes  to  the  dura  mater  on  the  surface.  In  early  stages  of 
the  disease  the  changes  in  the  cord  may  be  invisible  to  the  naked 
eye,  but  can  be  detected  with  the  microscope.  In  advanced  stages 
there  may  be  similar  changes  in  the  optic  nerve,  the  oculo-motor, 
the  hypoglossal,  etc. 

The  minute  changes  consist  in  atrophy  of  the  nerve  fibres  and 
increase  of  the  connective  tissue,  similar  to  that  described  as  occurring 
in  secondary  degenerations.  As  to  the  degree  in  which  actual  in- 
flammatory processes  exist  opinions  differ.  The  result  is  a  sclerosis 
of  the  affected  regions,  and  the  tissue  may  have  many  amyloid  bodies 
in  it.  These  are  round  or  oval  bodies  three  or  four  times  the  size 
of  blood-corpuscles,  and  presenting  a  peculiar  bright  glancing  appear- 
ance (Fig.  326).  They  frequently  present  a  concentric  striation  like 
grains  of  potato  starch,  and  with  iodine  they  take  on  a  deep  brown 
coloration.  These  bodies  are  sometimes  present  in  such  numbers  as 
to  form  the  most  prominent  feature  under  the  microscope. 

The  posterior  columns  are  the  parts  affected,  but  the  disease  does 
not  invade  these  columns  uniformly.  Its  special  seat  is  the  outer 
parts  of  the  posterior  columns,  namely,  the  Posterior  root-zones, 
or  columns  of  Burdach,  and  it  is  stated  that  these  alone  are  affected 
in  the  earlier  stages  (see  Fig.  327).  The  Columns  of  Goll  are 
secondarily  invaded,  as  the  result  of  an  ascending  sclerosis.  That 
this  is  so  appears  from  the  actual  examination  of  the  cord  at  various 
levels.  The  disease  begins,  and  is  usually  most  advanced,  in  the 
lumbar  region,  but  in  -  the  lowest  part  of  that  region  the  lateral 
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parts  of  the  posterior  columns  may  be  alone  involved.  On  passing 
upwards  the  columns  of  Goll  become  also  affected,  so  that  in  the  upper 
half  of  the  lumbar  swelling  the  degeneration  may  be  co-extensive 


Fig.  326.— Amyloid  bodies  from  cord,    x  300.  Fig-  327.— Cord  in  early  stage  of  loco- 

motor ataxia.  The  columns  of  Goll  are 
unaffected,  but  the  posterior  root-zones 
are  in  a  state  of  sclerosis.  (WeigertV 
method  of  preparation.) 


with  the  posterior  columns.  This  continues  in  the  dorsal  region, 
but  in  the  cervical  the  sclerosis  begins  to  diminish  externally,  and 
shades  off  into  the  columns  of  G-oll,  in  which  it  may  be  continued 
up  into  the  restiform  body.  The  actual  primary  lesion  is  therefore 
that  in  the  external  parts  of  the  posterior  columns,  and  the  affection 
in  the  columns  of  G-oll  is  really  an  ascending  secondary  degeneration, 
these  columns  being,  as  already  stated,  the  principal  seat  of  ascending- 
sclerosis.  It  is  to  be  noted,  however,  that  the  direct  cerebellar  tract 
and  the  antero  lateral  tracts  are  not  affected. 

Besides  extending  to  the  columns  of  Goll,  the  disease  commonly 
affects  also  the  Posterior  roots,  which  are  often  much  atrophied. 
It  may  also  extend  to  the  Posterior  grey  cornua,  in  which  case 
anaesthesia  occurs,  or  to  the  Lateral  columns,  in  which  case  paralysis 
ensues  ;  or  it  may  even  pass  through  to  the  Anterior  cornua,  when 
muscular  atrophy  occurs  in  addition  to  paralysis.  There  is  some- 
times an  extension  to  the  Medulla  oblongata,  as  evidenced  by 
inco-ordination  of  the  muscles  of  the  eyeball  and  of  those  of 
speech. 

In  a  large  proportion  of  cases  the  Peripheral  nerves  are  affected 
similarly  to  the  posterior  columns  of  the  cord.  There  is  atrophy 
of  the  nerve  fibres  with  increase  of  the  connective  tissue.  It  is  the 
sensory  nerves  which  are  affected,  and  chiefly  the  fine  filaments  in 
the  skin  and  joints,  but  probably  the  sensory  fibres  of  the  muscles 
also.    The  lesion  diminishes  on  passing  from  the  finer  filaments  to 
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the  larger  stems.  There  are  frequently  similar  changes  in  the  Optic 
nerve  and  in  the  Ascending  root  of  the  fifth. 

Relation  of  lesion  to  function. — The  lesion  in  the  cord  and  nerves 
affects  the  sensory  tracts,  and  yet  the  most  prominent  symptom  is 
inco-ordination  of  motion.  Violent  pains  are  indeed  commonly  present 
at  an  early  stage,  and  there  is  loss  of  sensation,  more  or  less  pro- 
nounced, when  the  disease  is  fully  established.  The  inco-ordination 
is  not  a  motor  paralysis,  but  due  to  interference  with  the  centri- 
petal nerve  fibres,  especially  those  which  connect  the  muscles  with 
the  cord.  The  ganglia  in  the  anterior  cornua  of  the  cord  are,  as 
we  have  seen,  the  immediate  centres  for  the  muscles,  being  centres 
of  a  low  order  dominated  by  higher  ones.  These  centres  receive 
centripetal  fibres  and  give  off  centrifugal  ones,  thus  forming  a  com- 
plete nervous  system  of  a  low  order.  The  centripetal  fibres  come 
to  a  large  extent  from  the  muscles,  and  keep  the  centres  informed, 
so  to  speak,  of  the  position  and  state  of  contraction  of  the  muscles. 
Any  break  in  the  circle  will  set  the  whole  apparatus  at  a  disad- 
vantage and  interfere  with  the  completeness  of  the  action.  Here 
there  is  a  break  in  the  centripetal  system,  probably  more  particularly 
in  the  fibres  coming  from  the  muscles,  as  evidenced  by  the  very 
early  loss  of  muscle  reflex  (according  to  Erb,  whenever  the  ataxia 
is  developed).  In  consequence  the  contractions  of  the  muscles  will 
be  to  some  extent  at  random  and  without  that  accurate  adjustment 
which  exists  normally.  Probably  also  the  normal  tonicity  of  the 
muscles  is,  as  Lockhart  Clarke  suggested,  due  to  continuous  stimula- 
tion of  the  ganglia  in  the  cord  by  stimuli  conveyed  from  the  periphery. 
The  interruption  of  the  centripetal  fibres  will  interfere  with  this 
stimulation,  and  the  contraction  of  the  muscles  will  start  at  a  dis- 
advantage. The  absence  of  the  knowledge  of  the  state  of  the  muscles 
which  is  implied  in  a  break  in  the  reflex  circle  may  be  partly 
compensated  by  using  the  eyes  to  direct  the  movements,  the  motor 
centres  in  the  cord  being,  as  it  were,  informed  from  above  of  the  state 
of  the  muscles.  The  occurrence  of  true  paralysis  indicates  that  the 
neighbouring  motor  tracts  in  the  lateral  columns  have  become  involved. 

Trophic  lesions. — In  addition  to  the  conditions  already  referred  to, 
Charcot  has  called  special  attention  to  certain  trophic  lesions  which 
occasionally  occur  in  locomotor  ataxia.  These  are  of  three  kinds, 
namely,  certain  cutaneous  eruptions,  muscular  atrophy,  and  affections 
of  the  joints. 

The  Cutaneous  eruptions  occur  in  the  earlier  periods,  usually 
coinciding  with  the  attacks  of  lightning  pains,  and  they  are  in  the 
form  of  local  eruptions  of  herpes,  lichen,  pemphigus. 
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Muscular  atrophy  is  not  very  common  in  locomotor  ataxia,  and 
is  of  late  occurrence.  The  muscles  may  waste  as  a  direct  result 
of  paralysis — a  slow  atrophy  from  disuse.  In  some  cases,  however, 
there  are  localized  atrophies  of  special  muscles  similar  to  those  in 
progressive  muscular  atrophy  and  in  bulbar  paralysis.  In  these 
cases  the  disease  has  extended  to  the  anterior  cornua  in  which  are 
situated  the  cells  of  which  the  nerve  fibres  are  prolongations,  and 
there  is  destruction  of  these  cells. 

The  Affections  of  the  joints  consist  in  comparatively  acute  swellings, 
with  exudation,  followed  by  atrophy  of  the  ends  of  the  bones.  Dislo- 
cations of  the  joints  may  occur  in  consequence.  These  trophic  dis- 
turbances of  the  joints  seem,  like  those  of  the  muscles,  to  occur  in 
cases  where  the  disease  extends  to  the  anterior  cornua,  the  whole 
organs  of  locomotion  being  apparently  affected  by  the  degeneration 
of  the  motor  nerve  centres.  The  propagation  of  the  disease  to  the 
anterior  cornua,  leading  to  muscular  atrophy  or  trophic  affections 
of  the  joints,  seems  to  be  not  uncommon,  and  may  occur  at  a  com- 
paratively early  period.  This  can  hardly  be  regarded  as  remarkable 
when  we  consider  that  there  are,  for  purposes  of  reflex  action,  direct 
connections  between  the  posterior  root-zones  and  the  anterior  cornua. 

General  paralysis  of  the  insane  is  often  complicated  with  ataxia, 
and  the  spinal  cord  presents  sclerosis  of  the  posterior  columns  similar 
to  that  in  ordinary  ataxia. 

Friedreich's  hereditary  ataxia. — A  considerable  number  of  cases 
have  been  described  in  which  motor  inco-ordination  has  appeared 
at  an  early  age  in  several  members  of  the  same  family.  There  is, 
in  these  cases,  probably  a  congenital  faulty  development  of  the 
cord,  and  the  ataxia  is  the  consequence  rather  of  a  degenerative 
than  of  an  inflammatory  process. 

The  lesion  is  not  confined  to  the  posterior  columns  but  affects 
also  the  lateral  columns,  involving  usually  the  pyramidal  and  the 
direct  cerebellar  tracts,  and  sometimes  extending  forward  at  the 
periphery  of  the  cord.  There  seems  little  tendency  to  extension 
to  the  grey  matter,  and  hence  proper  paralysis  and  muscular  atrophy 
as  well  as  anaesthesia  are  uncommon.  There  is  seldom  any  evidence 
of  irritation  in  the  sensory  fibres  such  as  we  have  in  ordinary  ataxia 
evidenced  by  the  lightning  pains. 

The  disease  frequently  extends  upwards  to  the  medulla  oblongata, 
as  evidenced  by  the  occurrence  of  disturbance  of  speech  and  nystagmus. 

2.  Spontaneous  lateral  sclerosis  (Erb's  Spastic  paralysis). — In  this 
disease  we  have  an  independent  disease  of  the  pyramidal  tract, 
having  a  similar  anatomical  distribution  to  that  in  descending  grey 
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•degeneration.  It  usually  begins  in  the  lumbar  cord,  and  attacks 
simultaneously  both  pyramidal  tracts.  These  cases  are  of  somewhat 
frequent  occurrence,  but  seldom  come  to  post-mortem  examination 
unless  there  be  an  extension  to  other  systems  in  the  cord,  especially 
the  anterior  cornua.  Hence  few  cases  have  been  observed  in  which 
pure  lateral  sclerosis  has  been  proved  by  anatomical  observation. 
In  a  ease  recorded  by  Dreschfeld,  however,  sclerosis  was  found  in 
the  lateral  columns  and  very  little  in  the  anterior  cornua. 

The  symptoms  already  referred  to  as  characteristic  of  descending 
sclerosis  are  here  very  pronounced,  namely,  spasm  of  the  muscles, 
chiefly  of  the  lower  extremities,  with  exaggerated  tendon  reflex. 
There  is  also,  of  course,  paralysis. 

The  sclerosis  appears  to  extend  not  infrequently  from  the  pyra- 
midal tracts  to  the  anterior  cornua  of  the  grey  substance.  In  that 
case  there  is  muscular  atrophy  in  addition  to  the  other  phenomena. 
To  conditions  of  this  kind,  Charcot  has  given  the  name  Amyotrophic 
lateral  sclerosis. 

The  name  Ataxic  paraplegia  has  been  given  to  cases  in  which  the  lesions  and 
symptoms  of  sclerosis  of  both  the  posterior  and  lateral  columns  have  been  present. 

3.  Acute  ascending  paralysis  (Landry's  paralysis). — In  this  disease 
there  is  a  rapidly  extending  paralysis,  commencing  in  the  legs, 
extending  to  the  trunk  and  arms,  and  usually  causing  death  in  a 
few  days,  but  not  always  fatal.  Although  the  symptoms  point 
to  a  serious  affection  of  the  cord  involving  the  motor  tracts,  no 
lesion  has  been  yet  discovered.  It  is  indeed  doubtful  in  this  case 
whether  the  disease  may  not  have  its  seat  in  the  peripheral  nerves. 
The  acuteness  of  the  symptoms  and  the  occurrence  of  enlargement 
of  the  spleen  and  lymphatic  glands  have  suggested  the  existence  of 
a  morbid  poison  (Gowers),  and  the  disease  has  been  looked  upon 
as  perhaps  analogous  to  diphtheritic  paralysis.  The  severity  and 
wide  extension  of  the  affection  seem  to  suggest  that  the  morbid 
poison  acts  both  on  the  central  and  peripheral  nervous  system. 

4.  Poliomyelitis  anterior  acuta  (Infantile  Paralysis,  Acute  Atrophic 
Spinal  Paralysis). — Causation. — The  features  of  this  disease  at  the 
outset  are  those  of  an  acute  inflammation  accompanied  by  marked 
general  disturbance  of  health.  These  suggest  a  morbid  poison  acting 
on  the  body  generally  but  selecting,  as  such  agents  do,  a  special 
locality  for  its  action.  Nothing  is  known  as  to  the  nature  of  the 
agent.  The  fact  may  be  noted  that  the  disease  is  much  more 
frequent  in  the  hotter  months  of  the  year  than  in  the  others.  It 
is  a  disease  mostly  of  children,  although  not  unknown  in  the  adult. 
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The  disease  is  an  acute  inflammation  of  the  grey  substance  of  the 
anterior  cornua  of  the  cord.  In  an  observation  by  Drummond  in 
which  a  child  died  after  a  few  hours'  illness,  there  was  redness 
of  the  anterior  cornua,  with  minute  extravasations,  swelling  of  the 
ganglion  cells,  etc.  In  later  cases,  but  still  comparatively  early,  the 
anterior  cornua  are  seen  under  the  microscope  to  be  altered,  not 
continuously,  but  in  patches.  They  contain  numerous  round  cells 
and  compound  granular  corpuscles.  The  ganglion  cells  in  certain  of 
the  groups  have  disappeared  or  have  shrunk  considerably.  At  the 
periphery  of  the  affected  patches  round  cells  are  aggregated,  and 
there  is  already  some  shrinking  of  the  patches.  The  condition  is 
most  manifest  in  the  lumbar  and  cervical  enlargements.  The  anterior 
roots  are  also  somewhat  atrophied,  and  show  evidences  of  degenera- 
tive changes. 

Many  cases  have  been  examined  years  after  the  onset  of  the 
disease,  at  intervals  varying  from  seventeen  to  sixty-one  years,  and 
the  changes  have  been  very  obvious  even  to  the  naked  eye.  These 
consist  of  sclerosis  with  shrinking,  mainly  of  the  anterior  grey 
cornua,  but  also  of  the  anterior  and  anterolateral  columns  of  white 
substance  (see  Fig.  328).    These  changes  are  very  manifest  when 


Fig.  328.— Anterior  poliomyelitis.  The  right  anterior  cornu  in  the  cervical  region 
is  shrunken,  and  there  is  atrophy  of  all  the  white  columns  on  that  side.  From  a 
woman,  aged  50,  who  was  the  subject  of  infantile  paralysis  of  the  right  arm. 
(Charcot.) 

the  cord  has  been  hardened  and  fine  transverse  sections  made.  The 
shrinking  of  the  horn  affects  certain  of  the  groups  of  cells  specially, 
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and  the  shrunken  part  consists  largely  of  connective  tissue  in  which 
there  are  visible  no  ganglion  cells  or  only  deformed  and  pigmented 
ones.  Connective  tissue  with  abundant  nuclei  and  enormous  numbers 
of  amyloid  bodies  are  visible.  The  lesion  in  the  anterior  cornua 
is  by  no  means  homogeneous  or  symmetrical.  One  cornu  may  be 
atrophied  and  the  other  normal,  and  on  examining  sections  at  differ- 
ent levels  there  is  great  variety  in  the  longitudinal  distribution. 
The  anterior  roots  are  also  atrophied  at  the  parts  corresponding  to 
the  most  affected  portions  of  the  cord,  and  they  may  appear  to  the 
naked  eye  small  and  grey. 

The  disease  usually  begins  acutely  and  the  paralysis  generally 
assumes  its  full  development  almost  at  once.  This  extensive  paralysis 
seems  due  in  part  to  pressure  by  the  distended  vessels  and  inflam- 
matory exudation,  and  in  some  cases  by  extravasated  blood.  In 
this  period  some  ganglion  cells  may  be  destroyed,  but  those  not 
absolutely  destroyed  may  recover  as  the  acute  inflammation  passes 
oft'.  In  many  parts  the  inflammation  is  slight  and  subsides  com- 
pletely, in  others  it  is  severe  and  goes  on  to  sclerosis,  and  there  is 
permanent  destruction  of  the  ganglion  cells.  Hence  it  is  that  a 
paralysis  which  has  been  at  first  almost  universal  may  be  recovered 
from  almost  completely.  The  improvement  goes  on  till  all  the 
cells  which  are  capable  of  it  have  recovered,  and  there  is  a  residue 
which  have  been  permanently  lost  and  cannot  be  restored.  These 
permanently  lost  cells  represent  single  muscles  and  groups  of  muscles, 
and  there  is  a  corresponding  localized  paralysis. 

Trophic  changes  in  muscles,  etc. — The  centres  which  have  the 
direct  control  of  the  contractions  of  the  individual  muscles  are 
probably  the  centres  which  command  the  nutrition  of  the  muscles 
and  their  nerves.  For  the  permanently  paralyzed  muscles  soon 
undergo  a  marked  and  rapid  atrophy,  and  the  fibres  of  the  anterior 
roots  also  degenerate.  The  muscular  atrophy  is  not  simply  from 
disuse,  for  it  is  much  greater  and  more  rapid  than  in  cases  of 
paralysis  where  the  anterior  cornua  are  not  affected.  The  muscles 
rapidly  get  soft  and  emaciated.  Besides  the  loss  of  substance  there 
may  be  proliferation  of  the  nuclei  of  the  interstitial  connective  tissue, 
and  an  increase  in  this  tissue ;  sometimes  there  is  infiltration  of 
fat  in  the  interstitial  tissue,  so  that  the  muscle  may  appear  less 
atrophied  than  it  in  reality  is.  The  defective  development  of  the  bones 
and  joints  met  with  may  be  partly  from  disuse,  but  also  probably 
to  some  extent  from  destruction  of  trophic  centres.  The  bones  of 
the  paralyzed  part  do  not  grow  normally,  and  the  articulations  are 
imperfectly  adjusted.    Certain  deformities  ensue,  the  commonest  and 
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most  prominent  of  which  is  club-foot.  Curvature  of  the  spine  is 
also  a  comparatively  frequent  result.  All  through  the  disease  the 
patient  may  maintain  good  general  health,  and  after  recovery  from 
the  initial  fever  he  may  present  nothing  abnormal  but  the  paralysis 
and  atrophy.  Through  time  he  learns  to  use  his  remaining  muscles 
to  the  best  advantage,  and  may  pass  through  a  long  life  maimed 
by  the  infantile  attack. 

Although  most  common  in  children  a  good  many  cases  of  this 
disease  have  now  been  recorded  in  Adults.  Here  also  it  is  ushered 
in  by  acute  symptoms  such  as  fever,  pain  in  back  and  extremities, 
vomiting,  headache.  The  paralysis  develops  mostly  in  a  few  hours, 
bub  it  may  be  as  late  as  a  day  or  two.  After  a  time  recovery  begins, 
and  is  more  frequently  complete  than  in  the  case  of  children.  It 
is  frequently  incomplete,  and  then  we  have  paralytic  deformities, 
which,  however,  as  the  bones  are  fully  formed,  are  not  so  striking 
as  in  the  case  of  children.  Here,  also,  there  is  rapid  atrophy  of 
the  muscles,  which  is  not  so  liable  to  be  concealed  by  fatty  infiltra- 
tion as  in  the  case  of  children. 

5.  Poliomyelitis  anterior  subacuta. — This  disease  is  a  rare  one, 
and,  as  the  symptoms  closely  resemble  those  of  multiple  neuritis, 
the  discrimination  of  cases  is  not  easy.  The  principal  feature  is 
the  occurrence,  with  little  or  no  disturbance  of  the  general  health, 
of  a  motor  paralysis,  extending,  in  the  course  of  a  few  days  or 
weeks,  to  the  entire  lower  limbs  and  then  rapidly  to  the  upper.  It 
rarely  takes  the  opposite  course.  The  muscles  become  slack  and 
soft  and  lose  their  reflex  irritability,  and  they  rapidly  atrophy. 
There  have  been  few  post-mortem  examinations,  but  they  seem  to 
show  a  chronic  inflammation  or  sclerosis  of  the  anterior  cornua  with 
loss  of  the  ganglion  cells.  The  disease  is  frequently  recovered  from, 
but  recovery  is  slow  and  complete  restitution  may  take  years.  On 

I  the  other  hand,  the  disease  may  extend  upwards  and  produce  death. 

6.  Poliomyelitis  anterior  chronica. — Progressive  muscular  atrophy. 
— In  its  clinical  aspects  the  main  feature  is  a  gradually  progressive 
atrophy  and  consequent  paralysis  of  the  muscles.  It  very  commonly 
begins  in  the  muscles  of  the  hand,  but  progresses  from  one  muscle 
to  another  till  the  death  of  the  patient.  In  its  later  stages  it 
frequently  becomes  associated  with  a  corresponding  form  of  disease 
of  the  medulla  oblongata,  namely,  bulbar  paralysis,  to  be  considered 
next. 

In  the  muscles  the  change  consists  in  what  may  be  regarded  as 
a  chronic  inflammation.  The  muscle-nuclei  increase  in  number, 
and  as  the  contractile  substance  diminishes,  the  sarcolemma  may 
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come  to  be  filled  with  cells,  the  result  of  this  proliferation  of  the 
muscle-nuclei.  At  the  same  time  the  interstitial  connective  tissue 
shows  active  changes,  increase  of  nuclei,  and  new-formation  of  connect- 
ive tissue.  In  the  muscular  substance  various  forms  of  degeneration 
have  been  observed,  chiefly  fatty  and  hyaline  or  simple  atrophy. 
In  any  case  the  muscular  fibres  are  lost  by  degrees  and  the 
connective  tissue  increased,  but  not  sufficiently  to  make  up  the 
bulk  of  the  lost  muscular  substance.  Sometimes  a  fatty  infiltration 
of  the  connective  tissue  occurs,  so  that  adipose  tissue  comes  to 
occupy  the  place  of  the  muscle  to  a  large  extent.  This  change, 
if  it  occurs,  is  only  local,  and  pure  atrophy  may  exist  side  by  side 
with  atrophy  with  formation  of  adipose  tissue.  This  formation  of 
adipose  tissue  is  mostly  a  late,  and  by  no  means  a  characteristic, 
occurrence  in  this  disease. 

In  the  Spinal  cord  the  essential  changes  are  in  the  anterior 
cornua,  but  in  most  cases  the  pyramidal  tracts  are  also  involved. 
The  lesion  in  the  anterior  cornua  consists  in  a  gradual  atrophy  of 
the  large  ganglion  cells,  affecting  the  parts  corresponding  with  the 

atrophied  muscles.  These  cells  may 
have  entirely  disappeared  or  there 
may  remain  only  small  angular 
bodies  representing  them.  There 
is  at  the  same  time  an  increase  of 
the  connective  tissue,  so  that  there 
is  little  change  in  the  size  or  shape 
of  the  cornu. 


According  to  Eoss,  the  central  grey 
column  (the  grey  substance  on  either  side 
of  the  central  canal)  is  most  affected, 
being  traversed  by  large  canals  and  fib- 
rillated.  In  the  annexed  figure  (Fig.  329) 
it  is  seen  that  the  cells  of  the  median 
group  have  also  entirely  disappeared, 
while  the  other  groups  of  the  anterior 
cornua  are  limited  in  size,  the  peripheral 
cells  of  the  groups  having  disappeared, 
leaving  only  the  more  central  ones.  It 
very  commonly  happens  that,  short  of 
absolute  destruction  of  the  ganglion  cells, 
they  are  greatly  atrophied  and  pigmented 
( pigmentary  atroph  y) . 


Fig.  329.— Progressive  muscular  atrophy- 
section  of  cord  in  cervical  region,  from  an 
advanced  lease.  The  central  portion  of  grey 
substance,  is  fibrillated ;  the  median  group  of 
cells  has  disappeared,  and  the  other  groups 
are  atrophied.  ^(Ross.) 


The  Pyramidal  tracts,  both  those  in  the  lateral  and  those  in 
the  anterior  columns,  are  affected  probably  in  all  cases  (Gowers), 
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and  the  lesion  has  been  traced  up  through  medulla  oblongata, 
pons,  peduncles,  internal  capsule,  and  corona  radiata  to  the  motor 
convolutions  of  the  brain,  where  the  large  ganglion  cells  have  been 
observed  to  be  atrophied. 

The  Anterior  nerve-roots  are  also  atrophied.  The  nerve  fibres 
may  have  almost  entirely  disappeared,  and  the  nerves  may  be 
almost  replaced  by  connective  tissue.  The  degeneration  exists 
throughout  the  peripheral  distribution  of  these  nerves,  and  the 
terminal  fibres  in  the  atrophied  muscles  are  greatly  altered. 

Leyden  has  recorded  a  case  of  progressive  muscular  atrophy  in  which  there  was 
the  peculiar  condition  of  the  cord  designated  Syringomyelia.    (See  further  on.) 

Relation  of  lesion  to  function. — In  this  disease  we  have  a 
degeneration  or  chronic  inflammation  affecting  the  motor  system, 
chiefly  in  its  lower  parts.  The  disease  centres  in  the  ganglion  cells 
of  the  anterior  cornua,  but  it  affects  the  nerve  fibres  arising  from 
these,  which  are  really  prolongations  of  their  processes,  and  in  most 
cases  also  the  pyramidal  tracts  above  them.  The  degeneration  of 
the  pyramidal  tracts  is  not  to  be  regarded  as  in  any  sense  secondary, 
but  as  part  of  the  prolonged  lesion  of  the  motor  system.  Indeed 
the  order  in  which  the  different  parts  are  involved  varies  some- 
what, and  we  may  have  the  pyramidal  tracts,  at  least  in  some 
parts  of  their  course,  affected  in  advance  of  the  anterior  cornua, 
although  this  is  not  common.  We  have  already  seen  that  spasm 
of  the  muscles  is  the  characteristic  result  of  degeneration  of  the 
pyramidal  tracts,  but  this  can  only  occur  when  the  anterior  cornua 
are  unaffected.  Hence  in  this  disease  rigidity  of  the  muscles  is 
not  common,  although  in  some  cases  it  does  occur  locally,  especially 
in  the  legs.  Charcot  has  endeavoured  to  group  this  class  of  cases 
separately  on  the  supposition  that  in  them  the  lesion  has  begun 
in  the  pyramidal  tracts,  but  it  is  doubtful  whether  this  is  a 
sufficient  basis  of  distinction. 

It  will  appear  from  the  above  that,  as  in  most  cases  the  anterior 
cornua  are  affected  before  or  simultaneously  with  the  pyramidal 
tracts,  there  will  usually  be  no  evidence  during  life  of  the  affection 
of  the  latter. 

7.  Bulbar  paralysis,  or  Glosso-labio-laryngeal  paralysis. — This 
condition  is  called  bulbar  paralysis  from  the  fact  that  the  part 
affected  is  the  medulla  oblongata,  which  is  frequently  designated 
the  bulb.  There  is  progressive  atrophy  and  paralysis  of  muscles 
supplied  from  the  medulla  oblongata.  The  muscles  are  mainly 
those  of  the  tongue,  lips,  arches  of  palate,  pharynx,  and  larynx, 
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and  in  consequence  there  is  progressive  interference  with  articulation, 
chewing,  swallowing,  and  even  with  the  production  of  the  voice. 
The  disease  may  pass  on  later  to  affect  the  more  vital  functions 
of  the  medulla  oblongata,  those  concerned  in  respiration,  etc. 

We  have  already  seen  in  connection  with  the  normal  structure 
of  the  medulla  oblongata  that,  on  passing  from  the  cord,  the  grey 
substance  is  dislocated  backwards,  and  that  in  the  posterior  region 
of  the  medulla  a  set  of  grey  nuclei  appear,  which,  as  the  spinal 
canal  opens  up  in  the  fourth  ventricle,  present  themselves  in  the 
floor  of  that  ventricle.  These  nuclei  are  mainly  motor,  corresponding 
with  the  anterior  cornua,  and  they  form  the  immediate  centres  for 
certain  cerebral  nerves  (see  Fig.  330).     In  the  lower  half  of  the 

fourth  ventricle  we  find  the  hypo- 
glossal nucleus  (xii')  occupying  the 
part  next  the  middle  line.  Outside 
it  there  is  the  spinal  accessory  nucleus 
which  begins  in  the  cord,  and  does 
not  extend  far  up  in  the  floor  of  the 
ventricle ;  it  is  not  shown  in  the 
figure,  but  gives  place  to  the  nucleus 
of  the  pneumogastric  or  vagus  (x'). 
Outside  the  vagus  appears  the  glosso- 
pharyngeal, which  partially  divides 

As 

we  pass  upwards  the  vagus  nucleus 
gets  smaller  and  the  hypoglossal  and  glosso-pharyngeal  approximate 
to  each  other.  Above  that  again  come  in  the  nucleus  of  the  sixth 
(the  abducens)  in  the  middle  line,  and  outside  that  the  motor 
nucleus  of  the  fifth  and  that  of  the  facial.  Outside  these  again  are 
sensory  nuclei,  those  of  the  acoustic  and  of  the  fifth. 

In  bulbar  paralysis  there  is  atrophy  of  these  grey  nuclei.  It  is 
seldom  that  opportunity  is  afforded  of  examining  the  medulla  in 
recent  stages,  but  according  to  Benedikt,  who  had  such  an  oppor- 
tunity, there  are  definite  signs  of  inflammation,  hypersemia,  thickening 
of  the  walls  of  the  vessels,  and  numerous  round  cells.  In  later 
periods  increase  of  the  connective  tissue,  with  round  cells  and  amyloid 
bodies,  have  been  observed.  These  changes  centre  in  the  nucleus 
of  the  hypoglossal,  and  this  nucleus  is  usually  most  seriously  damaged,, 
but  they  pass  soon  to  the  accessory  and  vagus,  while  the  glosso- 
pharyngeal sometimes,  but  not  usually,  escapes.  The  nucleus  of 
the  facial  is  often  attacked,  and  sometimes  that  of  the  motor 
branch  of  the  fifth.    The  disease  seldom  extends  to  the  abducens,. 


Fig.  330.— Medulla  oblongata  at  the  level 
of  the  fourth  ventricle,  showing  the  position    rV«p    Amo-n«    nnplpns     into  two 
of  the  grey  nuclei.    (Quain.)  tJie    va£US    nUCieUS     mtO  BO. 
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and  never  attacks  the  sensory  nuclei  of  the  acoustic  and  fifth 
nerves. 

There  is  in  many  cases  degeneration  of  the  nerve  fibres  in  the 
anterior  pyramids  similar  to  that  in  the  pyramidal  tracts  in  pro- 
gressive muscular  atrophy.  There  is  even  reason  to  believe  that 
in  some  cases  the  lesion  may  be  essentially  in  the  pyramidal  fibres 
which  connect  with  the  nuclei  in  the  medulla  oblongata,  in  which 
case  the  disease  would  be  analogous  with  lateral  sclerosis  of  the 
cord  rather  than  with  progressive  muscular  atrophy. 

The  corresponding  nerves  usually  show  considerable  atrophy, 
especially  the  hypoglossal,  and  next  to  it  the  accessory,  vagus,  and 
glossopharyngeal.  In  them  may  be  found  a  fatty  degeneration 
involving  destruction  of  the  medullary  sheath  and  subsequent  over- 
growth of  connective  tissue.  In  this  way  the  nerve-root  may  come 
to  be  almost  nothing  but  a  connective-tissue  strand. 

In  the  affected  muscles  the  change  is  exactly  parallel  to  that  in 
progressive  muscular  atrophy,  with  which  sooner  or  later  this  disease 
is  so  frequently  associated.  There  is  increase  of  the  muscle-nuclei 
and  connective  tissue,  with  destruction  of  the  proper  contractile 
substance,  and  consequent  atrophy  of  the  muscle  as  a  whole.  Thus 
the  tongue,  palatine  arches,  lips,  pharynx,  and  larynx  may  have 
their  muscles  intensely  atrophied.  Sometimes  also  the  muscles  of 
the  neck,  especially  the  trapezius  (supplied  by  the  spinal  accessory), 
are  affected.  In  some  cases  the  atrophy  is  obscured,  as  in  pro- 
gressive muscular  atrophy,  by  the  interstitial  tissue  becoming 
adipose. 

8.  Pseudo-hypertrophic  paralysis. — The  resemblance  of  this  disease 
to  progressive  muscular  atrophy  strongly  suggests  that  it  is  primarily 
due  to  a  lesion  in  the  spinal  cord.  But  repeated  examinations  of 
the  cord  have  shown  no  constant  lesion  there,  and  in  most  cases 
the  anterior  cornua  have  been  found  intact.  The  muscular  nerves 
are  also  apparently  unaffected,  and  the  general  opinion  is  now  that 
it  is  a  primary  disease  of  the  muscular  system.  It  occurs  mostly 
in  childhood. 

The  disease  is  due  to  a  local  constitutional  fault  which,  like 
most  constitutional  peculiarities  (see  p.  23)  is  hereditary.  Its  here- 
ditary nature  is  shown  by  its  occurrence,  in  many  instances,  in 
several  members  of  the  same  family.  There  is  not  apparently  an 
inheritance  of  the  disease,  but  there  seems  to  be  some  condition  in 
the  parents  which  leads  to  the  development  of  the  disease  in  the 
offspring.  Considering  the  close  relationship  in  function  and  even 
in  nutrition  between  the  nervous  system  and  the  muscles,  as  shown 
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by  the  affections  already  described,  it  is  perhaps  justifiable  to 
consider  this  disease  along  with  those  of  the  spinal  cord. 

In  many  forms  of  disease  in  which  the  muscles  are  disused  or 
paralyzed  there  is  an  overgrowth  of  the  interstitial  connective  tissue, 
sometimes  with  excessive  development  of  fat.  We  have  noted  this 
in  some  of  the  affections  considered  above,  and  it  occurs  also  when 
the  muscles  are  disused  by  reason  of  fixation  of  joints,  etc.  (See 
under  Fatty  Infiltration,  p.  159.) 

In  the  present  disease  there  is  an  apparently  spontaneous  atrophy 
of  the  muscular  substance  with  a  new-formation  of  connective  and 
adipose  tissue  between  the  muscular  fibres.  The  new-formation,  at 
least  in  some  situations,  usually  more  than  compensates  in  bulk 
for  the  atrophy,  and  there  is  an  apparent  hypertrophy  of  the 
muscle  as  a  whole.    By  the  time  the  patient  dies  there  is  generally 

a  very  extraordinary 
and  widely  distributed 
affection  of  the  muscu- 
lar system.  Many  of 
the  muscles  on  being 
cut  into  look  like  pieces 
of  fat,  in  which  to  the 
naked  eye  no  trace 
of  muscular  tissue  is 
visible.  Under  the 
microscope  occasional 
narrowed  muscular 
fibres  may  be  visible 
in  the  midst  of  the  adi- 
pose tissue  (see  Fig. 
331),    usually  accom- 

chiefly  adipose  tissue  with  a  few  atrophied  muscular  fibres,  panied  bv  strands  of 
X  180.  L  .  . 

connective  tissue.  The 

muscular  fibres,  although  varying  in  size  and  in  general  greatly 
narrowed,  for  the  most  part  preserve  their  transverse  striation.  In 
some  situations  the  fat  may  have,  to  a  large  extent,  disappeared,  so 
that  fibrous  tissue  replaces  the  muscle. 

An  idiopathic  muscular  atrophy  has  been  described  in  which  the  wasting  of  the 
muscles  has  not  been  associated  with  increase  of  connective  tissue  or  fat.  This 
condition  shows  many  analogies  with  that  described  above,  occurring  like  it  in 
several  members  of  the  same  family,  but  not  generally  beginning  in  childhood. 
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III.— TUMOURS,  SPECIFIC  INFLAMMATIONS,  AND  PARASITES 
OF  THE  CORD. 

Tumours  of  the  cord  and  medulla  proper  are  very  rare,  but  it 
is  not  uncommon  to  find  tumours  of  the  meninges,  and  even  of 
the  bones,  affecting  the  cord  by  pressure.  The  tumours  of  the 
meninges  fall  to  be  considered  along  with  those  of  the  membranes 
of  the  brain  in  a  different  section.  We  have  here  to  do  with  those 
which  involve  the  cord  itself. 

Of  the  tumours  of  the  cord  proper  the  Glioma  is  the  most 
important.  It  arises  usually  in  the  central  part  of  the  cord  in  the 
tissue  around  the  central  canal,  this  tissue  being  mainly  neuroglia. 
It  may  occupy  a  limited  space,  but  sometimes  it  has  a  great  longi- 
tudinal extension,  even  to  almost  the  entire  length  of  the  cord. 
The  cord  is  swollen,  and,  as  the  tumour-tissue  is  of  nearly  the 
same  colour  and  consistence  as  the  grey  matter,  the  boundaries  of 
the  tumour  may  be  indistinct.  The  glioma  is  sometimes  associated 
with  dilatations  of  the  central  canal  and  with  malformations  of  the 
cord  which  will  be  considered  further  on.    (See  Syringomyelia.) 

Myxoma  and  Sarcoma  have  also  been  observed,  usually  glio- 
sarcoma,  but  in  one  case  a  proper  spindle-celled  sarcoma.  A  case 
has  been  recorded  by  Ganguillet  of  a  so-called  Cylindroma,  in 
which  there  were  branching  bodies  whose  ramifications  presented 
gelatinous  mantles. 

The  Solitary  scrofulous  tubercle  is  much  less  common  in  the  cord 
than  in  the  brain.  It  forms  a  hard  cheesy  mass,  usually  with  a 
softened  zone  of  tissue  around  it.  The  larger  ones  have  usually 
their  seat  in  the  lumbar  portion  of  the  cord. 

Syphilis  seldom  gives  rise  to  proper  gummata.  When  it  does  so 
the  tumour,  here  as  in  the  brain,  takes  origin  in  the  meninges,  and 
is  hence  at  first  superficial,  although  it  may  subsequently  extend 
into  the  substance  of  the  cord.  The  membranes  over  it  are 
thickened  and  usually  adherent. 

Cysts  do  not  occur  in  the  cord  as  independent  formations,  but  a 
cystic  condition  will  be  described  further  on  as  Hydromyelia  and 
Syringomyelia. 

Echinococcus  and  Cysticercus  are  exceedingly  rare  in  the  cord. 

All  forms  of  tumour,  whether  of  the"  cord  or  meninges,  are  liable 
to  interrupt  the  conduction  of  the  cord,  and  so  to  produce  paralysis. 
There  will  be  also  the  usual  ascending  and  descending  secondary 
degenerations. 

Literature. — Sclerosis  of  posterior  columns — Todd,  Cyclopaedia   of  anat.  and 
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physiol.,  1847,  iii.,  721  ;  Eeynolds,  Diagnosis  of  dis.  of  brain,  etc.,  1855;  Turck, 
Prim.  Degener.  einzelner  Riickenmarksstrange,  1856  ;  Duchenne,  Arch.  gen.  de 
med.,  1858 ;  Charcot,  Lect.  on  dis.  of  nervous  syst.,  2nd  ser.,  Syd.  Soc.  transl., 
1881 ;  Leyden,  Die  graue  Degen.  der  Hinterstrange  des  Kiickenmarks,  1863  ;  Erb, 
loc.  cit.,  1878  ;  Gowers  (Syphilis  as  cause),  Brit.  Med.  Jour.,  i.,  1879  ;  Erb,  Arch, 
f.  klin.  Med.,  July,  1879 ;  Lockhart  Clarke,  St.  Geo.  Hosp.  Rep.,  1886,  i.,  p.  71, 
and  Brit.  Med.  Jour.,  1869 ;  Pierret  (Affection  of  posterior  roots),  Arch.  d. 
physiol.,  1870,  iii.,  599,  and  Gaz.  med.  de  Paris,  1882  ;  Trans,  of  Internat.  med. 
congress,  1881,  vol.  i. ;  Dejerjne,  Arch,  de  phys.,  1884.  Posterior  sclerosis  in 
general  paralysis— Westphal,  Arch.  f.  Psych.,  1882 ;  Claus,  Allg.  Zeitschr.  f. 
Psych.,  1881.  Hereditary  ataxia — Friedreich,  Virch.  Arch.,  1876,  lxviii.,  1877, 
lxx.  Lateral  sclerosis — Erb,  Virch.  Arch.,  1877,  lxx.  ;  Charcot,  Lect.,  2nd  ser., 
Syd.  Soc,  1881;  Flechsig,  Ueber  Systemerkr.  im  Riickenmark,  1878;  Dreschfeld, 
Brit.  Med.  Jour.,  1881 ;  Minkowski  (Syphilis  as  cause),  D.  Arch.  f.  klin.  Med., 
1884.  Poliomyelitis  anterior — Barthez  et  Billiet,  Traite  des  malad.  de  l'enfance, 
1863;  Duchenne,  De  la  paral.  atroph.  graisseuse  de  l'enfance,  1864;  Barlow, 
On  regressive  paralysis,  1878  ;  Charcot,  Lect.,  Syd.  Soc.  transl.,  1881;  Drummond, 
Brain,  April,  1885  ;  Turner,  Path,  trans.,  1879,  xxx.,  202 ;  Volkmann,  Clinical 
lectures,  Syd.  Soc.  trans.,  1876.  Landry's  paralysis — Landry,  Gaz.  Hebdom, 
1859 ;  Harley  and  Lockhart  Clarke,  Lancet,  1868 ;  Westphal,  Arch.  f.  Psych., 
vi.;  V.  d.  Welden,  Deutsch.  Arch.  f.  klin.  Med.,  xix.  Recent  Literature. — 
Centralbl.  f.  Path.  u.  Pathol.  Anat.,  vol.  iii.,  1892,  p.  6.  Progressive  muscidar 
atrophy — Sir  Chas.  Bell,  Nervous  system  of  human  body,  1830  ;  Aran,  Arch.  gen. 
de  med.,  1850  ;  Cruveilhier,  do.,  1853  ;  Lockhart  Clarke,  Brit,  and  for.  med.  chir. 
review,  1862,  Med.  chir.  trans.,  1866,  1867,  and  1868;  Friedreich,  Progress. 
Muskelatrophie,  1874;  Roberts,  Wasting  palsy,  in  Reynold's  Syst.  of  med.,  1868; 
Charcot,  loc.  cit. ;  Gowers,  loc.  cit.  Bulbar  paralysis— Duchenne,  Arch,  gen., 
1860 ;  Trousseau,  Clin,  lect.,  Syd.  Soc.  transl.,  1868,  vol.  i.  ;  Wachsmuth,  Ueber 
progr.  Bulbarparalyse,  1864;  Leyden,  Arch.  f.  Psych.,  1870  and  1872;  Charcot, 
loc.  cit. ;  Kussmaul,  in  Clin,  lect.,  Syd.  Soc.  transl.,  1876.  Pseudo-hypertrophic 
paralysis — Bell,  loc.  cit. ;  Partridge,  Med.  Gazette,  1847 ;  Duchenne,  De  l'elect. 
loc,  1865,  and  Arch,  gen.,  1868;  Adams,  Path,  trans.,  1868,  xix. ;  Ord,  Med.  chir. 
trans.,  lvii.  and  lx. ;  Davidson,  Glas.  Med.  Jour.,  1872 ;  Macphail,  ibid.,  1882 ; 
Middleton,  ibid.,  xxii.,  1884 ;  Goodridge,  Brain,  1882 ;  Gowers,  loc.  cit.,  and 
Pseudo-hypertrophic  muse  paral.,  1879. 


633 


SECTION  III.— Continued. 
C— THE  ENCEPHALON. 

C.  The  Encephalon. — Anatomical  Introduction,  arrangement  of  fibres  and  centres. 
Functions  of  convolutions.  Arteries  of  brain.  I.  Malformations.  1.  Con- 
genital smallness,  microcephalus.  2.  Hypertrophy.  3.  Heterotopia.  II. 
Injuries.  Laceration  of  brain.  III.  Lesions  affecting1  the  Circulation.  1. 
Hyperemia,  ansemia,  and  oedema.  2.  Occlusion  of  arteries  ;  by  embolism 
or  thrombosis  ;  effects,  including  Softening  of  the  brain  substance  ;  occlusion 
in  chorea.  3.  Thrombosis  of  the  cerebral  sinuses.  IV.  Cerebral  Haemor- 
rhage. 1.  From  large  arteries,  chiefly  due  to  aneurysm,  sometimes  to 
atheroma  ;  influence  of  increase  of  blood-pressure.  2.  From  nutrient  arteries, 
may  be  from  miliary  aneurysms  or  atheroma.  3.  From  capillaries,  chiefly 
complicating  other  forms.  Appearances  in  hemorrhage,  and  results  ;  the 
apoplectic  cicatrix  and  cyst.  V.  Inflammation.  1.  Acute  localized  en- 
cephalitis. 2.  Abscess  of  the  brain.  3.  Chronic  localized  encephalitis.  4. 
Diffuse  encephalitis,  (a)  in  fevers,  (b)  in  dementia  paralytica,  (c)  in  hydro- 
phobia, {d)  in  tetanus.  VI.  Atrophy  and  Degenerations.  Senile  atrophy 
and  other  forms  ;  secondary  degenerations.  VII.  Tuberculosis  and  Syphilis. 
1.  The  tubercular  tumour.  2.  Syphilis  of  brain  and  membranes  ;  disease 
of  arteries  may  lead  to  softening.  VIII.  Tumours  and  Parasites,  chiefly 
glioma  and  sarcoma. 

Anatomical  Introduction.— A  knowledge  of  the  course  of  the  fibres  in  the  ence- 
phalon  is  even  more  important  than  in  the  spinal  cord  and  medulla,  as  these  are 
liable  to  be  interrupted  in  a  more  isolated  fashion.  It  is  of  great  consequence 
that  the  pathologist  should  have  an  acquaintance  with  the  general  relations  of 
parts  so  as  to  identify  the  position  of  lesions.  In  this  section  nothing  more  is 
attempted  than  to  indicate  these  general  relations,  the  more  intricate  particulars 
being  left  to  the  special  works  on  anatomy.  In  the  actual  work  of  post-mortem 
examination,  it  is  important  to  note  the  exact  locality  of  lesions  on  the  spot.  To 
assist  in  this,  tracings  may  be  made  of  the  figures  which  accompany  this  section, 
or  of  similar  ones,  the  position  of  the  lesions  being  entered  in  shading. 

In  the  medulla  oblongata,  as  we  have  seen,  motor  fibres,  which  have  been  in 
the  lateral  columns  of  the  cord,  come  forward  and  form  the  anterior  pyramids, 
in  which  they  decussate.  The  sensory  fibres  are  now  behind,  and  they  remain 
posterior  to  the  motor  in  all  the  succeeding  parts.  In  the  Pons  varolii  (Fig.  332) 
the  motor  fibres  are  in  front,  forming  bundles  (as  shown  in  lower  half  of  figure), 
but  overlaid  by  the  transverse  fibres  from  the  cerebellum.  Besides  these  fibres, 
which  are  mainly  in  the  anterior  half  of  the  pons,  there  are  grey  nuclei  (shown 
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in  upper  part  of  figure),  which  continue  up  the  series  in  the  floor  of  the 
fourth  ventricle.  In  the  pons  the  principal  nuclei  are  those  of  the  sixth  and 
facial,  the  motor  and  sensory  roots  of  the  fifth,  and  one  of  the  nuclei  of  the 
auditory  nerve.  It  is  to  be  remembered  also  that  the  fibres  of  these  nerves  in 
part  at  least  traverse  the  pons,  and  are  liable  to  be  involved  by  a  lesion,  even 
when  the  nuclei  are  not  reached. 


Fig.  332. — Pons  varolii.  In  lower  half  the  transverse  section  of  nerve  bundles  con- 
tinued upwards  from  the  cord  is  seen,  the  pyramidal  tract  being-  in  front  (or  lower- 
in  figure).  The  Roman  numerals  and  letters  indicate'  the  nuclei  of  cerebral  nerves. 
(Quain). 

In  the  Crura  cerebri,  or  cerebral  peduncles,  the  motor  fibres  are  in  front  and 
internal,  forming  the  greater  part  of  the  crusta.  Sensory  fibres  occupy  about  the 
external  fourth  of  the  crusta.  Behind  the  crusta  is  the  locus  niger,  behind  which 
again  is  the  tegmentum,  containing  a  rather  complex  mass  of  fibres  and  grey  matter. 

Above  the  crura  the  fibres  are  continued  upwards,  the  motor  still,  anterior  and 
the  sensory  posterior  in  the  mass  of  white  substance  called  the  Internal  capsule. 
It  is  here  necessary  to  be  somewhat  more  minute  in  the  description  of  the  relation 
of  the  structures,  as  these  relations  are  of  great  importance.  When  one  of  the 
lateral  ventricles  of  the  brain  is  opened,  certain  masses  of  grey  nervous  tissue 
are  seen  in  its  floor.  In  front  there  is  a  long  brown  prominence,  rounded 
anteriorly,  and  tailed  behind.-  This  is  the  Nucleus  caudatus,  which  is  often  desig- 
nated the  corpus  striatum,  although  really  only  one  piece  of  it.  Behind  the 
nucleus  caudatus  is  the  Optic  thalamus,  which  is  more  bulky  and  rounded.  It  is 
to  be  remembered  that  in  opening  the  lateral  ventricle  almost  no  nerve  fibres 
need  to  be  cut  except  the  commissural  ones  of  the  corpus  callosum.  The  great 
masses  of  nerve  fibres  passing  upwards  are  as  it  were  pushed  outwards  by  the 
lateral  ventricle,  and  we  have  to  cut  into  its  floor  in  order  to  reach  them. 

From  the  accompanying  figure,  which  represents  a  horizontal  section  of  the 
brain  just  below  the  floor  of  the  lateral  ventricle,  the  relations  of  parts  may  be 
gathered  (Fig.  333).  Beneath  and  outside  the  nucleus  caudatus  {NC),  and  con- 
tinuous above,  and  externally  with  the  great  central  white  substance  of  the 
hemispheres,  the  corona  radiata,  there  is  a  mass  of  white  substance.  This  is  the 
Internal  capsule,  in  which  may  be  distinguished  an  anterior  division  IK',  a  posterior 
division  IK,  and  a  middle  part,  the  knee  K.  To  the  outside  of  and  beneath  the 
internal  capsule  lies  a  mass  of  grey  substance,  the  Nucleus  lenticularis  {LN), 
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which  on  section  has  a  triangular  shape  with  the  base  turned  outwards,  and  is 
seen  to  be  divided  into  three  pieces  (shown  on  right  side).  It  is  generally  regarded 
as  a  part  of  the  corpus  striatum  and  motor  in  function.  The  nucleus  lenti- 
cularis  extends  a  considerable  distance  from  before  backwards,  and  in  its  posterior 


Fig,  333.— Horizontal  section  of  brain  of  a  child  nine  months  old,  the  right  side  at 
a  somewhat  lower  level  than  the  left.  F,  frontal ;  TS,  temporo-sphenoidal ;  and  0, 
occipital  lobes  ;  Op,  operculum  ;  In,  island  of  Reil ;  Cls,  claustrum  ;  /"',  third  frontal 
convolution  ;  Th,  thalamus  ;  NC,  nucleus  caudatus  ;  NC,  tail  of  same  ;  LN,  nucleus 
lenticularis  ;  /,  //,  its  first,  second,  and  third  divisions  ;  IK,  internal  capsule, 
posterior  division;  IK',  anterior  division,  and  k,  knee;  ah  and  ph,  anterior  and 
posterior  horns  of  left  lateral  ventricle  ;  gcc,  knee  of  corpus  callosum  ;  sp,  splenium  ; 
mc,  middle  commissure  ;  /,  fornix  ;  si,  septum  lucidum  ;  o,  cornu  Ammonis.  (Ross 
from  Flechsig.) 

parts  the  internal  capsule  {IK)  lies  between  it  and  the  optic  thalamus,  which 
has  now  largely  taken  the  place  of  the  nucleus  caudatus.  Outside  the  nucleus 
lenticularis  there  is  a  narrow  band  of  white  substance  {EK),  the  External  capsule, 
the  capsules  being  named  from  their  relation  to  the  nucleus  lenticularis.  Outside 
the  external  capsule  again  and  close  to  the  convolutions  (here  the  Island  of 
Reil)  there  is  a  narrow  band  of  grey  substance  (Cls),  which  is  fancifully  compared 
to  a  tape- worm,  and  is  called  the  Nucleus  taeniseformis  or  Claustrum.  The  anterior 
parts  of  the  internal  capsule  contain  motor  fibres,  and  the  posterior  sensory  ;  it 
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is  generally  said  that  the  anterior  two-thirds  are  motor,  and  the  posterior  third 
sensory. 

It  is  to  be  remembered  that  the  three  nuclei  we  have  referred  to,  the  nucleus 
caudatus,  nucleus  lenticularis,  and  thalamus  opticus,  receive  fibres  from  and 
give  fibres  to  the  internal  capsule.  There  are  fibres  passing  upwards  to  the  con- 
volutions and  others  downwards  to  the  lower  centres. 

Passing  upwards,  the  fibres  of  the  internal  capsule  are  continued  into  the 
Corona  radiata  or  centrum  ovale,  containing  the  white  substance  of  the  hemi- 
spheres, and  it  may  be  stated  generally  that  in  the  corona  radiata  motor  fibres 
are  anterior  and  sensory  posterior.  But  besides  these  fibres  there  are  multitudes 
which  form  communications  between  one  part  of  the  convolutions  and  another, 
and  altogether  the  connections  here  are  very  complicated. 

The  Cerebral  convolutions  and  their  arrangement  may  be  studied  in  Ecker's 
work,  where  the  descriptions  are  very  clear. 

If  the  lateral  aspect  of  one  of  the  cerebral  hemispheres  be  examined  (see 
Fig.  334),  two  great  landmarks  should  first  be  made  out ;  these  are  the  fissure  of 


Fig.  334.— Left  lateral  aspect  of  cerebrum.    Explanation  in  text.  (Quain.) 


Slyvius  (SSS),  and  the  fissure  of  Eolando  {RE).  There  is  no  difficulty  with  the 
Fissure  of  Sylvius  of  which  the  main  or  transverse  arm  is  perfectly  distinct,  while 
its  short  ascending  arm  near  the  front  is  easy  to  make  out.  The  Fissure  of  Rolando 
passes  obliquely  forward  from  above  downwards  through  the  middle  of  the  lateral 
aspect  of  the  hemisphere  to  the  longitudinal  fissure  above,  but  not  reaching  the 
fissure  of  Sylvius  below.  This  fissure  can  usually  be  recognized  by  the  fact 
that  it  is  bounded  by  or  lies  between  two  convolutions  which  extend  side  by  side 
upwards  and  backwards  from  the  fissure  of  Sylvius  {A,  A,  A  and  B,  B).  There 
is  frequently,  however,  in  front  of  it  a  sulcus  which  may  be  mistaken  for  it. 

Having  distinguished  these  two  fissures  the  various  lobes  of  the  brain  may 
now  be  determined.  All  in  front  of  the  fissure  of  Eolando,  and  above  the  fissure 
of  Sylvius,  is  Frontal  lobe.  The  Parietal  lobe  lies  behind  the  fissure  of  Eolando, 
and  its  posterior  extremity  is  bounded  by  a  fissure  which  is  best  seen  on  the 
inner  face  of  the  hemisphere,  the  Parieto-occipital  fissure.  This  fissure,  beginning 
about  the  edge  of  the  great  median  fissure,  passes  downwards  and  forwards  on 
the  inner  face  of  the  hemisphere  (par.  occ.  f.,  Fig.  335).  Behind  this  is  the 
Occipital  lobe.     The  remaining  lobe  is  the  Temporo-sphenoidal,  which  lies  below 
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the  fissure  of  Sylvius  and  extends  backwards  to  meet  the  occipital  lobe,  from 
which  it  is  indefinitely  distinguished. 

Of  the  convolutions  the  easiest  to  determine  are  those  bounding  the  fissure  of 
Kolando,  one  of  which  belongs  to  the  frontal  and  the  other  to  the  parietal  lobe ; 
these  are  called  the  Ascending  frontal  and  Ascending  parietal  convolutions  respec- 
tively. In  front  of  the  ascending  frontal,  the  frontal  lobe  presents  three  layers 
of  convolutions  (a,  a,  and  a")  which  lie  transversely  and  pass  by  their  posterior 
extremities  into  the  ascending  frontal.  These  Transverse  frontal  convolutions  are 
distinguished  as  the  first,  second,  third,  or  superior,  middle,  and  inferior.  It  is 
not  to  be  supposed  that  these  are  single  simple  convolutions,  they  are  rather  layers 
or  strata  of  convolutions.  The  inferior  (a",  a")  is  a  very  important  one,  and  it 
can  generally  be  easily  recognized  as  it  curves  round  the  short  ascending  branch 
of  the  fissure  of  Sylvius  (S).  After  curving  round  this  branch  it  becomes  con- 
tinuous with  the  lower  end  of  the  ascending  frontal.  At  this  point  the  two 
convolutions  form  a  somewhat  triangular  piece,  and  as  this  lies  over  and  partially 
covers  the  island  of  Eeil,  it  is  often  called  the  Operculum  (in  the  position  of  x  A 
in  Fig.  334).  In  addition  to  these  we  have  still  in  the  frontal  lobe  the  Supraorbital 
convolutions  («"),  which  have  no  arrangement  that  needs  to  be  detailed. 

In  the  parietal  lobe  the  Ascending  parietal  convolution  (B,  B,  Fig.  334)  is  already 
known.  Another  easily  recognized  one  is  that  which  lies  immediately  above 
the  fissure  of  Sylvius,  and  is  called  the  Supramarginal  convolution.  The  posterior 
portion  of  this  convolution  curves  round  the  upper  end  of  the  fissure  of  Sylvius, 
and  as  it  turns  thus  round  an  angle  it  is  often  called  the  angular  gyrus  (b",  b'"), 
and  is  important,  as  Ferrier  has  supposed  it  to  be  the  seat  of  the  sense  of  sight. 
The  rest  of  the  parietal  lobe  is  divided  into  an  upper  and  a  lower  portion  by  a 
longitudinally  placed  fissure  which  is  often  not  very  distinct,  the  intra-parietal 
fissure,  which  arises  close  to  the  fissure  of  Sylvius  behind  the  fissure  of  Kolando 
to  which  it  at  first  lies  parallel,  and  then  passes  backwards.  The  lobe  is  thus 
divided  into  the  Superior  and  Inferior  parietal  lobules,  the  former  being  continuous 
in  front  with  the  ascending  parietal  convolution. 

In  the  Occipital  lobe,  looking  at  the  lateral  aspect,  Three  transverse  layers  of 
convolutions  can  be  distinguished.  These  are  named  as  in  the  frontal  lobe, 
first,  second,  and  third,  or  superior,  middle,  and  inferior  {d,  d',  d'\  Fig.  334).  On 
the  under  or  basal  surface  there  are  two  further  layers  which  are  continuous  in 
front  with  those  of  the  temporo-sphenoidal  lobe  and  are  named  in  common  with 
them  inferior  occipito-temporal  convolutions. 

The  temporo-sphenoidal  lobe  presents  on  its  lateral  surface  again  Three  transverse 
convolutions,  superior,  middle,  and  inferior  (c,  c',  c",  Fig.  334)  ;  the  superior, 
bounding  the  fissure  of  Sylvius  and  also  called  Infra- marginal,  is  continuous  with 
the  angular  gyrus.  The  remaining  two  sets  on  the  basal  "surface  have  been 
already  mentioned  as  forming,  with  those  of  the  occipital  lobe,  the  inferior 
occipito-temporal  convolutions. 

On  examining  the  Internal  aspect  of  the  cerebral  hemisphere  (Fig.  335)  certain 
convolutions  are  to  be  distinguished.  The  superior  frontal  convolution  and  the 
ascending  frontal  and  parietal  convolutions  are  here  partly  visible.  More  distinctly 
on  the  internal  surface  we  distinguish  in  front  the  Marginal  convolution  (marg.  c.) 
which  is  continuous  with  the  superior  frontal  and  lies  along  the  superior  longi- 
tudinal fissure.  Immediately  behind  this  convolution  we  come  to  the  superior 
parietal  lobule  which,  on  its  mesial  surface,  is  called  the  Precuneus  or  Quadrate  lobe 
(see  figure).    The  parieto-occipital  fissure  is  here  very  marked,  and  it  is  joined 
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at  an  angle  by  the  calcarine  fissure  {calc.f.)  in  such  a  way  as  to  demarcate  a  tri- 
angular surface,  the  Cuneus  {cuneate  I.).  On  this  aspect  also  appear  the  inferior 
occipitotemporal  convolutions  (i.  oc.-temp.  c).     Within  this  external  ring  of 


Fig.  335. — Internal  aspect  of  right  cerebral  hemisphere.     Explanation  in  text. 

(QUAIN.) 

convolutions  we  have  now  a  deeper  layer.  Immediately  bordering  on  the  corpus 
callosum  and  following  the  fornix  we  trace  from  before  backwards  the  Gyrus 
fornicatus.  Having  skirted  the  corpus  callosum  from  before  backwards  it  turns 
round  at  its  posterior  extremity,  and  passes  downwards  into  the  Gyrus  hippocampi. 
This  gyrus  is  also  continuous  with  the  gyrus  cunei  and  the  median  occipito- 
temporal. The  gyrus  hippocampi  passes  forward  towards  the  anterior  extremity 
of  the  temporo-sphenoidal  lobe,  where  it  terminates  in  a  hook-like  curve,  the 
Gyrus  uncinatus  (unc.  c). 

In  the  cornu  Ammonis  of  the  lateral  ventricle  there  lies  a  convolution  whose 
surface  is  turned  inwards  and  forms  an  elongated  rounded  projection  in  the 
cornu  ;  this  is  the  Gyrus  dentatus  (d.  c.)« 

Functions  of  the  convolutions. — The  localization  of  function  in  the  cortex  of  the 
brain  is  of  so  much  practical  importance  that  it  is  well,  when  opportunity  offers, 
to  familiarize  the  mind  with  the  topography  of  the  convolutions  in  relation  to 
function. 

The  cerebellum. — There  are  only  a  few  points  which  require  notice  here  as  to 
the  general  arrangements  of  the  parts  in  the  cerebellum.  Like  the  cerebrum  it 
is  divisible  into  two  lateral  hemispheres,  the  right  and  left  lobes.  These  are 
united  by  a  central  piece,  which  is  most  marked  on  the  under  surface,  called  the 
vermiform  process.  The  cerebellum  is  divided  by  many  fissures  which  run 
horizontally  and  leave  narrow  convolutions  called  the  Folia.  One  of  these  fissures, 
deeper  than  the  rest,  and  called  the  great  horizontal  fissure,  divides  the  cerebellum 
into  an  upper  and  a  lower  portion.  In  its  internal  structure  the  cerebellum  pre- 
sents white  matter  which  runs  outwards  from  the  peduncles  diverging  towards 
the  folia  and  forming  a  tree-like  expansion,  the  Arbor  vitse.  In  the  midst  of  the 
white  substance  in  each  hemisphere  there  is  a  small  grey  nucleus,  not  unlike 
the  olivary  body,  called  the  Corpus  dentatum. 

Arteries  of  the  brain. — With  a  view  to  the  identification  of  the  numerous  lesions 
of  the  arteries  in  the  brain,  it  will  be  proper  here  to  refer  briefly  to  the  distri- 
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bution  of  these  vessels.  The  Circle  of  Willis  (see  Fig.  339,  p.  652)  gives  off  at  the 
base  three  main  arteries  to  the  brain,  the  posterior,  middle,  and  anterior  cerebral. 
The  Posterior  cerebral  artery,  besides  giving  certain  central  branches  to  be  after- 
wards referred  to,  is  distributed  on  the  surface  of  the  brain,  supplying  the  greater 
part  of  the  occipital  and  temporo-sphenoidal  lobes  with  the  exception  of  the  upper 
temporo-sphenoidal  convolution.  The  Middle  cerebral  artery,  or  the  artery  of  the 
fissure  of  Sylvius,  is  of  great  importance  as  being  much  more  frequently  the  seat 
of  lesions  than  the  others.  Besides  its  central  branches,  afterwards  considered,  it 
supplies  the  middle  district  of  the  brain  all  round  the  fissure  of  Sylvius,  including 
the  parietal  lobe,  the  posterior  parts  of  the  frontal  lobe,  and  the  superior  con- 
volution of  the  temporo-sphenoidal  lobe.  The  Anterior  cerebral  artery  is  distributed 
to  the  anterior  parts  of  the  frontal  lobe. 

These  arteries,  with  the  exception  of  their  central  branches,  run  in  the  sulci 
of  the  convolutions,  and  divide  into  successive  orders  of  branches  which  lie  in 
the  pia  mater.     The  larger  branches  anastomose  sparely,  while  the  finer  twigs 
are  end-arteries  (Duret).  All 
the  arteries  hitherto  considered 
run   on  the   surface  of  the 
brain  in  the  soft  membranes. 
The  actual  nutrient  arteries 
are   branches  of   these,  and 
penetrate  from  them  into  the 
'substance  of  the  brain.  We 
may  thus  distinguish  the  larger 
arteries  of  the  surface  and  the 
smaller  or  nutrient  arteries. 

The  Nutrient  arteries  again 
are  divisible  into  two  groups, 
which  may  be  designated  the 
cortical  and  central  systems. 

The  Nutrient  arteries  of  the 
cortex  pass  off  not  merely 
from  the  finer  twigs  of  the 
larger  arteries,  but  also  from 
the  larger  branches  (see  Fig. 
336).  They  are  fine  thread- 
like vessels  which  pass  down 
perpendicularly  into  the  brain 
substance.  Some  of  them  are 
short  and  supply  the  grey 
substance  of  the  convolutions,  others  are  longer  and  reach  the  white  substance, 
their  territory  here  extending  to  the  boundaries  of  that  of  the  central  arteries. 
In  stripping  the  membranes  from  the  surface  of  the  brain  these  nutrient  arteries 
are  seen  like  fine  hairs  emerging  from  the  brain  substance.  If  a  portion  of  the 
soft  membranes  be  now  floated  in  water  these  fine  vessels  will  be  seen  like 
bristles  passing  from  all  the  branches.    All  the  nutrient  arteries  are  end-arteries. 

The  Central  nutrient  arteries  have  a  somewhat  different  arrangement  from  those 
of  the  cortex.  They  are  long  vessels  of  larger  calibre  than  the  cortical  ones, 
and  they  pass  off  from  the  main  arteries  very  near  their  origin.  The.  most 
important  are  those  which  come  off  from  the  middle  cerebral  just  outside  its 


336. — Arteries  of  the  brain  showing  cortical  distribu- 
A,  a  tertiary  branch  of  main  artery  ;  B,  primary  twig  : 


Fig 
tion. 

C,  C,  C,  secondary  twigs.  The  nutrient  arteries  are  "seen  to 
pass  off  from  all  these  branches  as  fine  hair-like  offsets 
(Ross  after  Dueet.) 
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origin  and  pass  through  the  anterior  perforated  space  to  the  basal  ganglia.  Of 
these,  three  sets  of  branches  have  been  distinguished :  (1)  the  lenticular  branches, 
short  twigs  lying  internally  which  pass  to  the  internal  parts  of  the  lenticular 
nucleus  ;  (2)  the  lenticido- striate  branch,  a  longer  and  larger  vessel  which  lies 
outside  the  first  and  supplies  the  outer  parts  of  the  lenticular  nucleus  and  adjoining 
parts  of  the  internal  capsule  and  caudate  nucleus  ;  this  branch  is  most  frequently 
the  seat  of  rupture  with  consequent  hemorrhage  ;  (3)  the  le?iticulo-optic  branch 
is  posterior  to  the  former  and  supplies  the  posterior  part  of  the  lenticular  nucleus 
and  the  anterior  part  of  the  optic  thalamus.  The  remaining  central  branches 
are  supplied  by  the  anterior  and  posterior  cerebral  arteries.  The  former  sends 
branches  which  supply  the  anterior  part  of  the  caudate  nucleus,  and  the  latter 
sends  two  sets,  an  internal  and  an  external,  to  the  optic  thalamus.  All  these 
central  arteries  are  end-arteries. 

The  arteries  of  the  pons  and  medulla  oblongata  are  like  the  cortical  arteries 
in  their  small  size  and  like  the  central  ones  in  respect  that  they  come  off  from 
large  stems,  and  pass  directly  into  the  substance  of  the  part. 

I.  — MALFORMATIONS  OF  THE  BRAIN. 

The  more  considerable  of  these  have  been  considered  in  the  section 
on  general  malformations.  The  principal  forms  are  anencephalus 
accompanied  by  acrania  or  cranioschisis,  encephalocele  and  cyclopia. 
The  relation  of  these  to  dropsy  of  the  ventricles  of  the  brain 
(hydrocephalus)  has  also  been  considered.  It  has  been  pointed  out 
that  hydrocephalus  occurring  at  an  early  period  leads  to  these  serious 
malformations,  which  are  incompatible  with  life.  But  hydrocephalus 
sometimes  occurs  at  a  later  period,  and  the  child  is  born  with  a 
congenital  hydrocephalus,  which  is  itself  sometimes  regarded  as  a 
malformation.  It  will  be  taken  up,  however,  along  with  the  other 
forms  of  hydrocephalus. 

1.  Congenital  smallness  or  Aplasia  of  the  brain. — This  may  affect 
the  brain  as  a  whole  or  parts  of  it. 

Micrencephalus  signifies  a  general  smallness  of  the  brain,  which 
is  usually  associated  with  Microcephalus  or  smallness  of  the  head, 
the  latter  term  being  frequently  used  as  synonymous  with  the 
former.  The  defect  usually  concerns  the  cerebrum  chiefly,  although 
other  parts  may  also  be  involved.  The  brain  may  be  defective  in 
structure  as  well  as  in  size,  the  convolutions  being  small,  irregular, 
or  defective.  The  affection  may  be  due  in  some  cases  to  a  simple 
defect  in  formative  power  in  the  cerebral  matter,  but  it  results 
sometimes  from  more  definite  pathological  conditions  in  the  foetus. 
Thus  there  are  cases  in  which  it  co-exists  with  hydrocephalus.  In 
these  the  size  of  the  head  may  not  be  small,  but  that  of  the  brain 
may  be  seriously  diminished.  Ahlfeld,  again,  ascribes  many  cases  of 
micrencephalus  where  there  is  no  existing  hydrocephalus  to  a  dropsy 
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at  an  earlier  period.  Premature  union  (synostosis)  of  the  cranial 
sutures  and  synchondrosis  of  the  basal  bones  have  been  assigned 
as  causes  of  microcephalus  (see  p.  530).  The  cranium  cannot 
expand  and  the  brain  remains  small.  Again,  thickenings  of  the  pia 
mater  sometimes  co-exist,  and  this  indicates  an  early  inflammation 
as  the  probable  cause  of  the  defect  in  the  brain.  Any  considerable 
degree  of  micrencephalus  is  accompanied  by  idiocy. 

The  average  weight  of  the  entire  encephalon  in  the  adult  is  about  ounces 
in  the  male  and  44§  in  the  female,  the  weight  ranging  from  about  43  to  60  ounces 
in  the  male,  and  40  to  50  in  the  female,  although  there  are  exceptional  cases 
both  below  and  above  that  range.  The  average  weight  of  the  cerebellum  is 
ounces  in  the  male  and  4J  ounces  in  the  female ;  that  of  the  pons  and  medulla 
oblongata  is  about  1  ounce  in  the  male,  and  the  same  in  the  female.  (See  further 
in  Quain's  Anatomy.) 

Parts  of  the  brain  are  sometimes  congenitally  small.  The  con- 
volutions may  be  imperfectly  formed,  or  there  may  be  asymmetry 
of  the  hemispheres.  The  cerebellum  is  also  not  infrequently 
imperfect.  It  may  be  as  small  as  a  walnut,  or  present  various 
degrees  of  defect. 

In  a  case  reported  by  Fraser  (Glasg.  Med.  Jour.,  xiii.,  1880)  there  was  a  con- 
genital ataxia  which  was  found  after  death  to  be  due  to  smallness  of  the  cerebellum 
(2J  ounces).  Similar  symptoms  existed  in  a  sister,  who  was  presumably  the 
subject  of  a  similar  defect. 

2.  Hypertrophy  of  the  brain. — This  is  a  condition  rarely  observed, 
but  occasionally,  without  any  hydrocephalus,  a  child  is  born  with 
an  unusually  large  encephalon.  There  are  also  cases  in  which  in 
later  life,  a  hypertrophy  of  the  brain  takes  place,  sometimes  acute, 
sometimes  chronic. 

3.  Heterotopia  of  the  brain  substance.— Besides  the  extreme  form 
of  Encephalocele  (see  p.  49)  certain  cases  of  Hernia  cerebri,  in 
which  there  is  no  -hydrocephalus,  are  regarded  as  belonging  to  this 
class.  Sometimes  also  masses  of  grey  substance  are  met  with  in 
abnormal  situations,  as  in  the  midst  of  the  corona  radiata.  Some 
of  these  cases  may  really  be  tumours  of  the  brain,  but  they  are 
congenital,  and  due  to  errors  in  development. 

Porencephalia  is  a  term  used  for  defects  of  the  brain  in  the  form  of  gaps  in 
the  superficial  parts  penetrating  more  or  less  deeply  into  the  cerebral  substance, 
sometimes  as  deeply  as  the  ventricles.  The  gaps  are  occupied  by  the  oedematous 
membranes.  The  lesion  is  ascribed  to  inflammation  occurring  in  the  foetus. 
There  may  be  associated  with  it  a  congenital  paralysis  and  atrophy  of  parts 
corresponding  with  the  lesion  in  the  brain. 

In  cases  of  Idiocy  there  is  defect  of  the  brain,  and  it  may  be  in  various  forms. 
There  may  be  micrencephalus  or  congenital  hydrocephalus,  or  partial  defects. 
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There  may  be  little  beyond  some  traces  of  inflammation  in  the  membranes. 
Similarly  Cretinism,  which  is  endemic  in  some  localities  and  is  often  associated 
with  goitre,  is  related  to  various  lesions  of  the  brain.  In  this  condition,  however, 
the  defect  in  the  brain  seems  to  depend  on  the  condition  of  the  bones  (see 
p.  538).  The  skeleton  as  a  whole  is  stunted  and  deformed,  and  the  bones  of 
the  skull  show  synostosis  and  premature  synchondrosis,  so  that  the  elongation 
of  the  basal  parts  and  expansion  of  the  vault  are  variously  hindered,  the  brain 
being  correspondingly  defective. 

Literature. — For  greater  defects  see  under  Malformations.  Micrencephaly— 
Vibchow,  Gesam.  Abhand.,  1856,  p.  891;  Hiizig  in  Ziemssen's  Encyclopaedia 
(with  literature)  ;  Aeby,  Mikrocephalie  unci  Atavismus,  1878.  Defect  of  cere- 
bellum— Fraser,  Glas.  Med.  Jour.,  xiii.,  1880;  Gould,  Path.  Trans.,  xxxiii.,  6; 
Clapton,  Path.  Trans.,  xxxii.,  20.  Hypertrophy — Hitzig,  loc.  cit. ;  Virchow, 
Ges.  Abhandl.,  1856,  Virch.  Arch.,  xxxiii.;  Lees,  Dubl.  Med.  Jour.,  xxii.,  1842; 
Tcke,  Jour,  of  Anat.  and  Phys.,  xii.,  1873  ;  Laxdousy,  Gaz.  med.  de  Paris,  No. 
xxvi.,  1874.  Heterotopia — Hitzig,  1.  c. ;  Virchow,  1.  c,  and  Virch.  Arch.,  xxxviii., 
1886;  Meschede,  Virch.  Arch.,  lvi.,  1872;  Simon,  Virch.  Arch.,  lviii.,  1883.  Por- 
encephalies— Heschl,  Prag.  Vierteljahrschr.,  1868,  and  Jahrb.  f.  Kinderheilk,  xv., 
1880 ;  De  la  Croix,  Virch.  Arch.,  xcvii. ;  Bixswanger,  do.,  cii. 

II.— TRAUMATIC  LESIONS  OF  THE  BRAIN. 

Laceration  of  the  brain. — The  brain  may  be  injured  directly  or 
indirectly.  In  injuries  involving  fracture  of  the  skull  the  brain  is 
often  simultaneously  wounded,  or  the  bone  may  be  carried  inwards 
and  impinge  upon  the  brain.  On  the  other  hand,  the  brain  is  often 
lacerated  without  a  corresponding  external  wound  or  fracture  of 
the  skull,  by  so-called  contre  coup.  When  a  person  falling  from  a 
height  alights  on  the  head  the  solid  cranium  is  suddenly  arrested. 
The  more  mobile  contents  impinging  against  the  internal  surface 
of  the  skull  are  pitched  back  in  the  opposite  direction.  Hence  in 
such  cases  there  is  often  laceration  both  at  a  point  corresponding 
with  the  injury  to  the  skull  and  at  a  point  more  or  less  diagonally 
opposite.  The  latter  is  called  laceration  by  contre  coup,  and  it  is 
sometimes  more  severe  than  the  other. 

The  lacerated  brain  substance  is  torn  and  softened  and  there  is 
more  or  less  haemorrhage.  The  haemorrhage  may  be  important  if 
any  considerable  vessel  in  the  meninges  be  injured,  but  is  not 
usually  great  from  the  brain  substance  itself.  The  injured  parts 
are  afterwards  affected  by  inflammation,  which  in  the  case  of  com- 
pound fracture  with  a  septic  wound  may  be  acute,  leading  to  abscess, 
but  in  most  cases  is  chronic.  Such  chronic  inflammations,  affecting 
brain  and  meninges,  may  persist  for  long  periods,  even  enlarging 
their  area  and  producing  extensive  destruction  and  shrinking  of  the 
cerebral  substance.    In  the  affected  part  the  membranes  are  adherent 
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and  thickened,  and  the  brain  substance  is  indurated  by  new-formed 
connective  tissue.  Important  nervous  and  mental  phenomena  may 
follow  such  lesions  even  when  the  injury  to  the  head  has  not  been 
great. 

III.— LESIONS  AFFECTING  THE  CIRCULATION  IN  THE  BRAIN. 

These  conditions  are  somewhat  variously  associated  with  each 
other  and  with  lesions  of  other  kinds.  They  mostly  imply  local  or 
general  alterations  in  the  volume  of  the  blood  and  lymphatic  fluid 
in  the  brain,  and  such  alterations  have  somewhat  complex  relations, 
chiefly  arising  from  the  fact  that  the  skull,  in  the  adult  at  least,  is 
a  closed  cavity  with  rigid  walls,  whose  contents  as  a  whole  are 
scarcely  capable  of  variation,  although  the  fluid  constituents  are 
variously  interchangeable. 

1.  Hyperemia,  Anaemia,  and  (Edema. — Hyperemia  in  the  brain,  as 
elsewhere,  is  divisible  into  active  and  passive.  Active  hyperaemia 
occurs  generally  or  locally  in  consequence  of  hypertrophy  or  over- 
action  of  the  heart,  especially  when  the  arteries  are  atheromatous 
and  unable  to  control  the  circulation.  It  also  occurs  in  inflammations 
of  the  brain  or  meninges,  and  in  various  conditions  of  excitement 
of  the  brain,  as  the  delirium  of  fevers,  the  early  stage  of  general 
paralysis,  the  typhoid  stage  of  cholera.  In  these  conditions  it  may 
be  regarded  as  an  inflammatory  phenomenon. 

Passive  hyperaemia  results  most  directly  from  thrombosis  of  the 
cerebral  sinuses  (see  further  on),  but  is  also  an  occasional  consequence 
of  pressure  on  the  jugular  veins,  or  of  disease  of  the  heart  or 
lungs  leading  to  general  venous  engorgement. 

The  appearances  visible  after  death  in  both  forms  are  frequently 
insignificant,  especially  in  active  hyperaemia,  whose  existence  is 
usually  matter  of  inference  rather  than  of  observation.  The  over- 
filling of  the  vessels  is  most  visible  in  the  meninges,  but  there 
may  be  also  a  deepened  colour  of  the  convolutions,  and  the  venous 
stems  in  them  and  in  the  white  substance  may  be  visibly  dilated. 

Anaemia  or  Ischaemia  results  mostly  from  obstruction  of  arteries 
(see  below).  It  may  also  be  a  consequence  of  general  anaemia,  in 
which  case  it  affects  the  brain  as  a  whole.  It  may  result  from 
local  pressure  on  the  brain  produced  by  tumours,  extravasations  of 
blood,  or  inflammatory  exudations.  Local  anaemia  in  all  these  cases 
is  liable  to  result  in  softening  of  the  brain  substance. 

(Edema  of  the  brain  is  also  usually  but  a  part  of  some  other 
lesion.  (Edema  of  the  brain  substance  is  a  rare  and  in  many  cases 
a   hypothetical  condition.     The  more  definite  cedemas  affect  the 
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membranes  and  cavities,  and  will  be  considered  further  on.  There 
is,  however,  an  occasional  local  oedema  of  the  brain  substance  in 
the  neighbourhood  of  haemorrhages,  tumours,  and  veins  obstructed 
by  thrombus,  and  it  is  also  believed  to  occur  at  the  outset  of  local 
inflammations. 

2.  Occlusion  of  arteries. — This  is  a  frequent  and  serious  lesion, 
occurring  mostly  as  a  result  of  embolism  or  thrombosis. 

Embolism  occurs  in  the  great  majority  of  cases  in  connection 
with  acute  endocarditis  or  valvular  disease  of  the  heart  from  chronic 
endocarditis.  In  the  former  case  the  embolus  is  a  piece  of  fibrine 
broken  off  from  the  inflamed  aortic  or  mitral  valve  ;  in  the  latter 
case  it  is  mostly  a  piece  of  calcareous  matter  from  the  indurated 
and  calcified  curtain.  Besides,  we  may  have  globular  thrombi  in 
the  left  auricle  or  ventricle  becoming  detached  or  softening,  and  so 
giving  rise  to  plugging.  So  also,  but  much  more  rarely  may  thrombi 
in  the  aorta  become  detached  and  carried  off.  Emboli  come  very 
exceptionally  from  the  lungs,  but  sometimes  in  gangrene  of  the 
lungs  there  is  a  thrombosis  of  the  veins,  and  from  fragments  of 
fibrine  carried  off  we  may  have  septic  embolism  of  the  brain.  A 
cancer  of  the  lungs  after  penetrating  into  the  pulmonary  vein  may 
produce  embolism. 

It  is  matter  of  general  observation  that  in  cerebral  embolism  the 
Middle  cerebral  artery  (or  artery  of  the  fissure  of  Sylvius)  is  the 
vessel  plugged  in  the  great  majority  of  cases.  It  is  also  stated  that 
the  left  middle  cerebral  is  more  frequently  the  seat  of  embolism  than 
the  right,  but  this  has  been  doubted  by  competent  observers.  The 
frequency  with  which  the  middle  cerebral  is  affected  admits  of  easy 
explanation.  As  the  vertebral  artery  arises  from  the  subclavian  nearly 
at  a  right  angle,  it  is  not  common  for  an  embolus  to  pass  into  it. 
But  the  innominate  and  the  carotids,  being  nearly  in  the  direct  line 
of  the  current  from  the  aortic  orifice,  readily  receive  any  fragment. 
Then  again,  the  middle  cerebral  is  the  direct  continuation  of  the 
internal  carotid  and  an  embolus  will  more  readily  be  swept  into  it  than 
diverge  forward  or  backward.  It  is  important  here  to  bear  in  mind 
that  the  middle  cerebral  supplies  the  greater  part  of  the  basal  ganglia, 
including  nearly  the  whole  of  the  corpus  striatum  and  internal  capsule 
and  a  part  of  the  thalamus  opticus.  It  also  supplies  the  greater  part 
of  the  motor  convolutions. 

Thrombosis  of  the  cerebral  arteries  arises  in  consequence  of  some 
alteration  of  the  walls  of  the  arteries.  It  is  predisposed  to  by  weak- 
ness of  the  heart,  but  mere  sluggishness  of  the  circulation  so  induced 
will  hardly  cause  thrombosis  in  a  healthy  artery,  although  it  does 
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so  in  the  venous  sinuses  of  the  dura  mater,  where  the  circulation  is 
naturally  very  much  slower.  Thrombosis  is  mostly  induced  by 
Atheroma  of  the  arteries.  The  internal  coat  is  thickened,  and  the 
surface  is  rough,  while  the  calibre  of  the  artery  is  already  considerably 
encroached  on,  as  Fig.  337  shows.    Atheroma  occurs  mostly  in  old 


Fig.  337.— Atheroma  of  a  small  cerebral  artery  the  eleventh  of  an  inch  in  diameter, 
with  thrombosis,  b,  atheromatous  internal  coat ;  c,  thrombus  on  its  surface  partially 
organized.  Between  these  two  is  an  irregular  clear  space,  which  represents  fresh 
blood,  which  had  been  insinuated  between  patch  and  thrombus,  d,  remaining 
calibre  filled  with  blood,    x  34. 


persons,  and  it  is  usually  most  pronounced  in  the  larger  arteries 
of  the  base,  where  there  may  be  numerous  yellow  patches.  But 
not  infrequently  it  extends  to  the  finer  ramifications,  and  it  is  in 
these  that  it  most  readily  leads  to  occlusion  by  thrombosis.  The 
artery  from  which  the  figure  is  taken,  for  instance,  had  an  external 
diameter  of  the  eleventh  of  an  inch.  Whilst  complete  occlusion 
by  thrombosis  is  unusual  except  in  very  small  arteries,  it  may 
occur  in  those  of  larger  size.  In  a  case  observed  by  the  author 
one  of  the  larger  branches  of  the  middle  cerebral  artery  was  thus 
affected,  and  an  extensive  softening  in  the  temporo-sphenoidal  lobe 
resulted.  Syphilitic  disease  of  the  arteries  is  a  much  less  frequent 
cause  of  thrombosis.  It  is  met  with  in  connection  with  gummata, 
and  these  may  occur  at  any  part  of  the  surface  of  the  brain. 

Effects  of  occlusion  of  arteries. — Here,  as  in  other  parts,  the  effects 
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of  occlusion  depend  chiefly  on  whether  the  arteries  concerned  have 
sufficient  anastomosing  communications  or  not.  The  arteries  of  the 
circle  of  Willis  anastomose  freely,  and  occlusion  of  one  of  them 
leads  only  to  a  very  temporary  derangement  of  the  circulation. 
The  larger  branches  anastomose  sparely,  and  occlusion  of  them  has 
much  more  serious  effects.  The  nutrient  arteries  do  not  anastomose 
at  all,  and  occlusion  of  them  has  very  evil  results. 

The  most  direct  result  of  occlusion  of  arteries  is  Anaemia  of -the 
part  supplied.  As  the  occlusion  in  the  case  of  embolism  is  sudden, 
there  is  often  a  very  abrupt  interference  with  the  cerebral  functions. 
In  the  case  of  a  large  artery,  such  as  the  main  stem  of  the  middle 
cerebral,  there  may  be  a  very  extensive  anaemia,  leading  to  a  fatal 
issue  before  the  anastomosing  circulation  can  be  established. 

Softening'  of  the  brain  substance  (Bamollissement)  is  a  further 
consequence.  This  is  really  a  necrosis  with  fatty  degeneration  of 
the  nervous  tissue,  and  it  only  occurs  when  the  conditions  are  such 
that  the  circulation  is  brought  absolutely  to  a  standstill.  This  is 
the  case  when  any  of  the  nutrient  arteries  are  obstructed,  as  these 
are  end-arteries.  The  nutrient  arteries  which  come  off  from  the 
first  part  of  the  middle  cerebral  are  the  most  exposed  to  obstruction 
from  embolism,  and  hence  softening  of  the  central  parts  of  the  brain, 
especially  in  the  region  of  the  corpus  striatum,  is  of  somewhat  common 
occurrence.  It  is  important  to  notice  that,  for  reasons  to  be  after- 
wards considered,  it  is  these  arteries  also  which  most  frequently 
give  rise  to  haemorrhage. 

But  softening  not  infrequently  occurs  although  the  vessels  occluded 
are  not  end-arteries.  This  is  especially  true  where  thrombosis  is  the 
cause  of  the  occlusion.  As  we  have  already  seen,  thrombosis  is 
common  in  connection  with  atheroma.  Now  this  is  a  disease  of 
old  people,  in  whom  the  circulation  is  weak.  Under  these  circum- 
stances occlusion  of  a  small  peripheral  artery  may  lead  to  softening, 
before  the  force  of  the  blood  has  brought  about  an  anastomosing 
circulation,  all  the  more  because  many  of  the  neighbouring  arteries 
are  also  partially  obstructed  by  atheroma.  Even  in  the  case  of 
embolism  there  may  be  considerable  cortical  softening  if  the  embolus 
has  broken  up  and  plugged  several  vessels  at  the  same  time,  so  as 
to  interfere  with  the  establishment  of  the  anastomosing  circulation. 

The  Changes  in  the  brain  substance  in  softening  have  already  been 
incidentally  considered.  It  will  be  a  local  lesion  limited  to  the  piece 
of  brain  substance  to  which  the  affected  artery  is  distributed. 

Softenings  have  often  been  distinguished  according  to  the  colour 
presented  by  the  affected  brain  substance,  so  that  white,  yellow, 


CEREBRAL  SOFTENING. 


647 


and  red  softenings  have  been  described.  For  the  most  part  the 
colour  depends  on  the  blood  mixed  with  the  nervous  tissue,  and 
the  amount  and  condition  of  the  former  can  hardly  be  regarded  as 
a  chief  characteristic  of  the  softening ;  the  colour  is  therefore  not 
of  primary  importance. 

We  have  seen  already  that  softening  of  the  brain  substance  is 
really  due  to  a  Necrosis.  The  result  of  the  death  of  the  nervous 
structures  is  their  disintegration.  The  nerve  fibres  very  rapidly 
break  up ;  the  myeline  of  the  medullary  sheath  coagulates  and  escapes 
from  the  primitive  sheath,  and  afterwards  breaks  up  into  fine  fat 
granules.  The  ganglion  cells  are  more  resistant,  but  they  also  become 
granular  and  gradually  disappear.  The  cells  of  the  neuroglia  and 
the  nuclei  of  the  walls  of  the  vessels  undergo  fatty  degeneration. 
These  structures  become  filled  with  finely  divided  fat,  so  that  the 
neuroglia  cells  are  converted  into  characteristic  Compound  granular 
corpuscles  and  the  cells  of  the  vessels  are  converted  into  aggregates 
of  fat  granules  at  intervals  along  the  vessels  (Fig.  338).    So  far 


Fig.  338.— Fatty  degeneration  of  the  vessels  in  cerebral  softening.  (Paget.) 


as  the  neuroglia  cells  are  concerned  it  is  probable  that  in  some 
cases  they  pick  up  fat  arising  from  the  disintegrated  myeline.  It 
is  not  so  clear  that  the  cells  of  the  blood-vessels  do  this,  and 
there  is  here,  probably  always,  a  proper  fatty  degeneration.  Besides 
the  neuroglia  cells  there  may  be  present  in  the  part  amoeboid  cells, 
or  these  may  pass  into  it  after  the  occurrence  of  the  necrosis,  and 
these  also  become  occupied  by  granular  fat.  In  this  way  there 
are,  frequently,  large  numbers  of  compound  granular  corpuscles  which 
are  very  conspicuous  when  a  piece  of  the  softened  tissue  is  examined 
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in  the  fresh  state  under  the  microscope.  A  ready  means  of  dis- 
tinguishing true  pathological  softening  from  a  mere  post-mortem 
change  is  afforded  by  the  presence  of  these  cells.  In  true  softenings 
they  are  present  in  large  numbers  and  afford  a  highly  characteristic 
appearance. 

In  some  cases,  as  already  mentioned,  the  softened  brain  substance 
is  largely  mixed  with  blood.  At  first  the  blood  gives  a  re.d  colour 
to  the  softening.  But  as  time  goes  on  the  colouring  matter  is 
dissolved  out  of  the  red  corpuscles  and  diffused  throughout  the 
softened  structures,  as  well  as  to  some  extent  in  the  brain  sub- 
stance around.  In  that  case  the  colour  becomes  less  intense  and 
merges  into  yellow,  or  the  colour  may  be  reddish  yellow  from  the 
outset.  It  will  be  seen  from  this  that  red  and  yellow  softening 
run  together,  and  that  the  latter  is  often  merely  a  later  stage  of  the 
former.  If  there  is  very  little  blood  in  the  vessels  of  the  softened 
part  then  the  colour  is  white  or  grey.  This  is  mostly  seen  when 
death  has  occurred  very  soon  after  the  occlusion  of  an  artery. 

The  ultimate  disposal  of  the  necrosed  piece  of  brain  substance 
occurs  on  principles  already  considered.  The  softened  brain  substance 
has  ultimately  the  characters  of  a  fatty  emulsion,  which  is  gradually 
absorbed.  A  chronic  inflammation  occurs  around,  just  as  in  the 
case  of  a  haemorrhage,  and  in  a  similar  fashion  connective  tissue 
is  produced,  taking  the  form  of  a  cyst  or  a  cicatrix,  according  to 
circumstances.  The  resulting  cyst  or  cicatrix  is  not  always  to  be 
distinguished  from  that  of  a  cerebral  haemorrhage.  Usually  the  latter 
presents  more  distinct  pigmentation,  but  the  former  may  also  present 
pigment  granules  and  crystals. 

Other  forms  of  softening  are  of  less  consequence  than  those  from 
occlusion  of  arteries.  Softenings  are  very  frequent  around  extrava- 
sations of  blood.  They  are  partly  due  to  mechanical  destruction,  but 
also  to  anaemia  from  the  pressure  of  the  blood.  Softenings  around 
tumours  are  similarly  due  to  anaemia.  There  is  occasionally  a  softening 
from  localized  inflammation,  more  especially  such  septic  forms  as  lead 
on  to  abscess.  A  softening  of  the  brain  around  the  ventricles  also 
occurs  in  connection  with  the  hydrocephalus  of  tubercular  meningitis 
(which  see). 

Occlusion  of  arteries  and  other  conditions  in  chorea. — The  frequent 
association  of  chorea  with  acute  endocarditis  has  suggested  the  view 
that  it  may  have  its  origin  in  embolism  of  the  arteries  and  capillaries 
of  the  brain,  multiple  embolism  with  softening  having  been  found  in 
some  cases,  but  not  in  all.  Embolism,  however,  is  only  a  coincidence 
related  to  the  endocarditis,  and  not  necessarily  connected  with  the 


THROMBOSIS  OF  CEREBRAL  SINUSES. 


649 


pathology  of  chorea.  This,  indeed,  is  evident  from  the  fact  that  acute 
endocarditis  is  not  infrequently  absent  in  cases  of  chorea.  Other 
changes  in  the  vessels  have  been  observed,  such  as  dilatation  of  the 
arteries  and  veins  throughout  the  substance  of  the  brain  and  spinal 
cord,  exudations  or  small  haemorrhages,  sometimes  with  blood  crystals, 
around  the  vessels.  These  lesions,  however,  are  by  no  means  constant, 
and  are  to  be  regarded  as  consequences  of  irritation  of  the  brain,  or 
as  coincident  phenomena. 

In  chorea  there  is  an  irritant  present  in  the  blood,  presumably 
the  same  irritant  as  that  in  acute  rheumatism.  It  attacks  the  nervous 
system,  producing  hyperaemia  and  exudation  from  the  vessels.  While 
the  whole  central  nervous  system  is  more  or  less  affected  there  are 
certain  parts  specially  involved,  these  parts  being  what  have  been 
called  the  accessory  portions  of  the  nervous  system.  It  may  be 
supposed  that  the  fundamental  and  simpler  parts  of  the  brain  and 
cord  are  more  stable  than  the  accessory  parts,  and  that  when  attacked 
by  an  irritant  the  latter  will  give  way  first.  The  anatomical  distribu- 
tion of  the  lesions  suggests  that  this  is  so,  and  the  symptoms  of 
chorea  indicate  disorder  in  "movements  which  are  acquired,  and 
which  are  probably  only  learned  by  a  long  apprenticeship "  (Hugh- 
lings  Jackson). 

3.  Thrombosis  of  the  cerebral  sinuses. — -These  venous  channels 
are  somewhat  frequently  the  seat  of  thrombosis.  The  coagulation 
may  have  its  starting  point  in  an  inflammation  propagated  from  a 
neighbouring  structure,  in  which  case  it  is  usually  a  septic  thrombosis. 
The  most  frequent  origin  of  such  inflammations  is  disease  in  the 
ear,  but  it  may  follow  on  injury  to  the  head,  inflammations  of  the 
skin  of  the  face  and  scalp,  especially  erysipelas,  and  of  the  bones. 
In  all  these  cases  the  thrombosis  usually  has  its  starting  point 
towards  the  base  of  the  skull,  and  especially  in  the  lateral  and 
petrosal  sinuses. 

There  is,  however,  another  class  of  cases  in  which  the  thrombosis 
has  a  more  obscure  origin,  and  seems  sometimes  even  spontaneous. 
The  blood  simply  coagulates  in  the  sinus,  and  it  is  usually  in  the 
longitudinal  sinus  that  the  coagulation  begins.  In  most  of  these 
cases  the  person  is  in  a  state  of  debility,  and  the  thrombus  may 
be  regarded  as  Marasmic  in  its  origin.  But  there  are  cases  in 
which  there  is  no  obvious  weakness  of  the  heart,  and  the  coagula- 
tion has  no  apparent  cause.  The  localization  of  the  thrombosis 
suggests  that  it  has  been  occasioned  by  stagnation  of  blood.  The 
sinuses  are  rigid  tubes  incapable  of  narrowing  when  the  circulation 
is  slow,  and  they  are  intersected  by  bands  of  connective  tissue.  The 
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longitudinal  sinus  also  is  so  situated  that,  at  its  middle  part  at  least, 
the  blood  passing  from  the  cerebral  veins  flows  upwards  to  it 
against  the  force  of  gravitation  (see  p.  103),  and  at  right  angles  to 
the  current  in  the  sinus. 

The  Effects  of  thrombosis  of  the  sinuses  will  vary  according  to  the 
cause.  If  due  to  the  propagation  of  inflammation  from  neighbouring 
structures,  then  a  suppurative  phlebitis  may  result,  with  Meningitis, 
and  even  Abscess  of  the  brain.  There  are,  however,  cases  of 
abscess  of  the  brain  without  meningitis,  in  which  the  inflammation 
seems  to  have  extended  along  the  veins  either  in  their  interior  or  in 
their  sheaths. 

In  marasmic  thrombosis  the  results  are  those  of  passive  hyperemia. 
The  veins  which  open  into  the  sinus  are  greatly  engorged,  and  the 
thrombosis  may  extend  into  them.  It  is  here  chiefly  the  longitudinal 
sinus  that  is  concerned,  and  the  veins  which  open  into  it  are  those  of 
the  cerebral  hemispheres.  These  may  stand  out  as  prominent  worm- 
like cords  filled  with  dark  coajmla.  In  most  cases  the  blood  finds 
its  way  by  other  routes,  and  there  may  even,  after  a  time,  be  a 
reestablishment  of  the  circulation  in  the  sinus.  Sometimes,  however, 
the  obstruction  in  the  veins  is  such  as  to  lead  to  Haemorrhage. 
This  is  usually  in  the  form  of  numerous  capillary  hemorrhages,  but 
sometimes  there  is  along  with  this  a  large  effusion  of  blood  in  the 
substance  of  the  brain  and  under  the  soft  membranes.  The  seat  of 
such  haemorrhages  is  usually  the  superficial  and  upper  parts  of  the 
hemispheres,  and  they  are  frequently  multiple. 

IV.  — CEREBRAL  HEMORRHAGE. 
By  this  term  is  meant  bleeding  in  the  substance  of  the  brain.  The 
blood,  which  may  be  large  or  small  in  quantity,  pushes  aside  the  brain 
substance,  tearing  for  itself  a  cavity  where  it  coagulates.  With  the 
doubtful  exception  of  certain  diseases  of  the  blood,  where  the  haemor- 
rhage may  possibly  be  by  diapedesis,  there  is  always  rupture  of  one 
or  more  vessels. 

In  a  previous  page  reference  has  been  made  to  the  two  orders  of 
cerebral  arteries,  and  the  difference  in  the  circumstances  of  haemor- 
rhages from  these  is  such  that  we  must  consider  them  separately 
here. 

1.  Haemorrhage  from  the  larger  cerebral  arteries. — We  have  seen 
that  these  vessels  run  in  the  sulci  and  fissures  of  the  brain,  involved 
in  the  meshes  of  the  pia-arachnoid,  and  it  might  be  supposed  that 
their  rupture  would  give  rise  to  meningeal  rather  than  cerebral 
haemorrhage,  and  so  it  is  usually  stated.    But  this  is  not  the  case. 
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The  blood  nearly  always  finds  its  way  into  the  brain  substance,  where 
it  is  found  usually  in  much  larger  quantity  than  in  the  meninges, 
so  that  the  case  has  much  more  the  characters  of  cerebral  than  of 
meningeal  haemorrhage.  There  is  usually  some  blood  in  the  meninges 
occupying  the  sulci  between  the  convolutions,  and  it  may  even  be 
considerable,  extending  to  the  base  and  perhaps  covering  the  optic 
commissure ;  but  usually  the  amount  is  small,  and,  on  account  of 
the  large  cerebral  haemorrhage,  is  apt  to  be  overlooked.  It  is  very 
rare  indeed  for  the  blood  to  escape  to  the  surface  and  appear  in 
the  cavity  of  the  dura  mater.  Any  appearance  of  blood  in  the 
meninges,  however,  should  at  once  direct  attention  to  the  larger 
cerebral  arteries  as  the  probable  source  of  the  haemorrhage.  . 

The  explanation  of  the  extension  of  the  blood  into  the  brain 
substance  suggests  itself  when  we  consider  the  circumstances  of  the 
parts.  When  rupture  of  such  an  artery  occurs  the  blood  tears  its 
way  around ;  it  passes  into  the  loose  connective  tissue,  and  by  and 
by  reaches  the  surface  of  the  brain.  Here  the  tissue,  being  soft, 
tears  readily,  and  the  blood  rapidly  passes  inwards.  On  the  other 
hand  the  connective  tissue  on  the  surface  is  tough  and  divided  by 
numerous  bands  and  partitions,  and  the  blood  will  tear  it  with 
difficulty.  The  blood  may  work  its  way  from  space  to  space  in  the 
connective  tissue,  but  this  takes  time  and  probably  needs  considerable 
pressure.  There  is  another  circumstance  which  probably  has  to  do 
with  the  blood  so  constantly  finding  its  way  into  the  brain  substance. 
As  we  shall  see  afterwards,  a  large  number  of  the  cases  of  haemor- 
rhage in  this  situation  are  from  rupture  of  aneurysms.  Now  an 
aneurysm  will  probably  project  more  readily  towards  the  surface  of 
the  brain  where  the  substance  is  soft,  than  in  other  directions,  and 
when  such  an  aneurysm  ruptures  it  may  do  so  directly  into  the 
brain. 

The  Cause  of  the  rupture  of  these  larger  arteries  is  to  be  sought 
for  in  disease  of  their  walls  and  increase  of  the  blood-pressure. 

The  commonest  cause  is  Aneurysm  of  these  arteries,  which  is  of 
remarkably  frequent  occurrence.  The  great  majority  of  the  cases  of 
cerebral  haemorrhage  occurring  before  the  age  of  fifty  years  is  due  to 
the  rupture  of  aneurysms  of  these  larger  arteries.  The  aneurysms 
are  mostly  thin-walled  and  therefore  prone  to  rupture.  Their  most 
frequent  seat  is  on  the  middle  cerebral  artery  or  one  of  its  branches 
in  the  fissure  of  Sylvius,  but  they  may  occur  on  any  of  the  arteries 
of  the  brain  and  are  not  infrequently  multiple  (see  Fig.  339). 

The  frequent  occurrence  of  these  aneurysms  and  their  serious  import  suggests  an 
inquiry  into  the  causes  of  their  formation.    In  the  first  place  the  arteries  are  thin- 
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walled  and  are  placed  in  a  loose  tissue,  so  that  they  very  readily  undergo  dilatation. 
Any  local  injury  to  the  wall  may  be  the  starting  point  of  the  dilatation.  This  is 
often  effected  by  Embolism.     In  a  large  proportion  of  cases  the  aneurysm  is 


Fig.  339.— Aneurysms  of  larger  cerebral  arteries.  A  large  one  at  the  bifurcation  of 
the  left  middle  cerebral.  There  is  an  aperture  at  its  summit,  from  which  fatal 
haemorrhage  occurred.    A  small  one  near  the  origin  of  right  anterior  cerebral. 

associated  with  valvular  disease  of  the  heart,  and  an  embolus  imperfectly  obstruct- 
ing an  artery,  especially  if  it  be  a  cretaceous  piece  broken  off  from  a  valve,  may 
readily  injure  the  wall  so  as  to  allow  of  dilatation.  Ponfick  has  found  that  in  a 
considerable  proportion  of  cases  of  acute  endocarditis  there  is  embolism,  with 
either  fully  formed  or  incipient  aneurysms.  Another  indication  of  the  origin  from 
embolism  is  that  the  aneurysm  is  frequently  at  a  bifurcation.  The  bifurcation 
of  an  artery  is  a  common  situation,  as  in  Fig.  339,  and  more  particularly  the 
bifurcation  of  the  internal  carotid  into  middle  and  anterior  cerebral.  The  aneurysm 
in  that  case  is  almost  a  bulged  out  continuation  of  the  carotid,  and  this  suggests  an 
embolus  pitched  against  the  projecting  angle  between  the  branches.  When  they 
have  an  origin  such  as  this  the  aneurysms  will  be  specially  thin-walled  and  partake 
of  the  characters  of  false  aneurysms.  This  mode  of  origin  also  goes  far  to  explain  the 
greater  predominance  of  these  aneurysms  in  the  middle  cerebral  artery,  which,  as 
we  have  seen,  is  especially  liable  to  embolism.  Another  occasional  cause  of  cerebral 
aneurysm  is  Atheroma.  This  disease  injures  the  vessel- wall  and  produces  obstruc- 
tion, and  it  may  lead  to  aneurysm  on  the  one  hand  by  weakening  the  wall,  and  on 
the  other  by  locally  increasing  the  blood-pressure  on  the  proximal  side  of  the 
obstruction.    Syphilitic  disease  is  also  assigned  as  a  cause  of  aneurysm. 

Atheroma  of  the  larger  cerebral  arteries  is  a  frequent  lesion,  and 
it  is  sometimes  associated  with  haemorrhage  in  the  substance  of  the 
brain.  The  haemorrhage  is  not  from  the  larger  arteries  at  present 
under  consideration,  but  from  the  nutrient  arteries,  to  the  more  con- 
siderable of  which  the  atheroma  may  extend. 

2.  Haemorrhage  from  the  nutrient  arteries. — As  these  vessels  run 
in  the  substance  of  the  brain  the  haemorrhage  is  always  cerebral  and 
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rarely  extends  to  the  meninges.  It  might  be  supposed  that  as  the 
nutrient  vessels  are  small  the  haemorrhage  from  them  would  be  small, 
and  in  many  cases  it  is  so ;  but  when  bleeding  has  once  begun,  the 
blood  tearing  the  brain  substance  ruptures  other  vessels,  and  there  is 
often  a  considerable  effusion  of  blood. 

Haemorrhage  of  any  consequence  rarely  occurs  from  the  cortical 
vessels,  but  is  very  common  from  the  central  nutrient  arteries.  The 
circumstances  of  these  latter  go  far  to  explain  this.  They  arise  from 
large  stems,  mainly  from  the  middle  cerebral  immediately  after  its 
origin  from  the  internal  carotid.  It  is  clear  that  the  blood  here  will 
be  at  a  pressure  not  much  less  than  that  of  the  aorta,  and  any  varia- 
tions of  pressure  will  tell  readily.  On  the  other  hand,  the  cortical 
vessels  mostly  arise  from  fine  vessels  in  which  the  blood-pressure  has 
been  reduced  by  successive  division  and  sub-division. 

As  to  the  Causes  of  haemorrhage  in  these  arteries,  Aneurysm  again 
plays  the  most  important  part.  As  the  arteries  are  small  so  are  the 
aneurysms,  but  they  are  numerous  in  the  same  person.  Such  aneu- 
rysms have  been  called  by  Bouchard  and  Charcot  Miliary  aneurysms. 
They  occur  in  every  region  of  the  brain,  but  are  most  readily  detected 
on  the  surface  of  the  convolutions,  where,  on  stripping  off  the  pia 
mater  from  the  convolutions,  they  may  be  seen  as  small  red  or  brown 
spots.  When  examined  under  the  microscope  they  have  all  the 
characters  of  ordinary  aneurysms.    Most  of  them  are  sacculated  (Fig. 


Fig.  340.— Sacculated  miliary  aneurysm  of  a  nutrient  artery  of  the  brain.  The 
aneurysm  is  about  the  twentieth  of  an  inch  in  diameter,    x  27. 

340),  but  some  are  fusiform  (Fig.  341).  It  is  stated  that  the  cause 
of  their  formation  is  a  sclerosis  of  the  walls  of  the  arteries,  involving 
first  a  formation  of  round  cells  in  the  external  coat  with  subsequent 
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development  into  fibrous  tissue.  According  to  Recklinghausen,  how- 
ever, the  first  lesion  is  a  rupture  of  the  media — an  origin  which, 
considering  the  mode  of  formation  of  aneurysms  generally,  seems  a 


Fig.  341.— Fusiform  miliary  aneurysm,    x  27. 


very  probable  one.  In  that  case  the  sclerosis  of  the  wall  is  to  be 
regarded  as  the  result  of  an  inflammation  secondary  to  the  injury. 
Miliary  aneurysms  are  mostly  met  with  in  old  people;  in  persons 
above  fifty  cerebral  haemorrhage  is,  in  the  larger  proportion  of  cases, 
due  to  rupture  of  miliary  aneurysms. 

In  a  case  observed  by  the  author  there  was  frequently  in  the  arteries  a  fatty 
degeneration  affecting  chiefly  the  internal  coat.  This  was  present  in  patches 
in  a  large  number  of  vessels  of  small  size.  In  connection  with  it  there  was  some- 
times a  partial  dilatation,  an  aneurysm  obviously  forming,  and  also  fully  formed 
aneurysms.  Older  and  more  recent  haemorrhages  were  connected  with  the 
aneurysms,  and  there  was  one  very  large  fatal  haemorrhage. 

Although  the  aneurysms  are  present  in  all  regions  of  the  brain, 
rupture  seldom  occurs  except  in  those  of  the  central  arteries.  The 
explanation  of  this  has  already  been  indicated,  and  it  has  been  men- 
tioned that  the  lenticulo-striate  branch  is  pre-eminently  that  from 
which  haemorrhage  occurs. 

Atheroma,  with  increased  blood-pressure,  is  occasionally  a  cause  of 
haemorrhage  frOm  the  nutrient  arteries.  It  is  difficult  to  understand 
how  atheroma,  which  consists  in  a  thickening  of  the  intima,  should 
lead  to  haemorrhage.  It  has  been  pointed  out,  however  (see  p.  475), 
that  the  atheromatous  patch  often  produces  injury  and  rupture  of  the 
media,  thereby  leading  to  aneurysm  in  some  cases.  In  like  manner, 
in  such  small  thin-walled  vessels  as  the  nutrient  arteries  it  may  pre- 
dispose to  rupture.  It  is  doubtful  if  rupture  actually  occurs  without 
.an  increase  in  blood-pressure.     Hence  the  coincidence  of  atheroma 
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with  chronic  Bright's  disease,  in  which  the  general  blood-pressure 
is  raised,  not  infrequently  leads  to  cerebral  haemorrhage. 

Atheroma  is  not  a  frequent  disease  in  the  smaller  arteries  of  the 
body.  It  is  very  common  in  the  larger  arteries  of  the  brain,  and 
extends  even  to  the  smaller  branches  of  these  arteries  in  the  sulci. 
It  does  not  usually  affect  the  cortical  nutrient  arteries,  but  not 
infrequently  extends  to  the  larger  central  arteries,  especially  those 
going  to  the  basal  ganglia.  As  these  arteries  are,  for  their  size, 
exposed  to  a  higher  blood-pressure  than  others,  and  as  they  are  sur- 
rounded by  the  soft  brain  substance,  they  rupture  more  readily.  It 
will  be  noted  that  it  is  these  same  arteries,  and  more  particularly  the 
lenticulo-striate  branch,  which  are  most  frequently  the  seat  of 
rupture  from  aneurysm. 

3.  Haemorrhage  from  the  capillaries. — A  certain  amount  of  capillary 
haemorrhage  generally  accompanies  all  larger  bleedings.  The  explan- 
ation of  this  seems  to  be  that  the  pressure  of  the  blood  produces 
such  obstruction  of  the  vessels  around,  that  frequent  leakage  occurs 
from  the  capillaries.  In  thrombosis  of  the  sinuses  and  veins  there 
is  also  capillary  haemorrhage  (see  above).  Again,  embolism  may 
cause  capillary  haemorrhage,  and,  as  we  have  seen,  the  blood  is  often 
mixed  with  the  softened  brain  tissue.  Septic  embolism  as  in  ulcerative 
endocarditis  and  pyaemia  leads  to  capillary  haemorrhage.  Lastly,  we 
may  have  leakage  from  the  capillaries  in  scurvy,  purpura,  leukaemia, 
and  other  morbid  states  of  the  blood. 

In  capillary  haemorrhages  the  collections  of  blood  are  generally  small 
in  size,  forming  a  congeries  of  red  puncta.  But  if  very  frequent  and 
closely  set  they  may  run  together  and  form  a  considerable  effusion. 

Appearances  of  the  brain  in  haemorrhage. — The  appearances  pre- 
sented when  a  person  dies  soon  after  the  occurrence  of  haemorrhage 
are  sufficiently  characteristic.  The  effused  blood  increases  the  con- 
tents of  the  skull,  and  in  order  to  its  accommodation  there  must 
be  some  displacement  and  crushing  of  the  brain  substance.  If  the 
haemorrhage  be  at  all  extensive  we  find  on  opening  the  skull  that 
the  corresponding  hemisphere  is  bulged  outwards  and  perhaps  pro- 
jects beyond  the  middle  line.  The  convolutions  are  more  or  less 
flattened,  and  there  is  a  certain  dryness  and  glazing  of  the  surface 
which  indicate  that  all  available  fluid  has  been  absorbed  to  make 
room  for  the  addition  made  to  the  contents  of  the  skull.  These  are 
all  indications  of  increased  pressure  within  the  skull,  and  during 
life  this  increase  of  pressure  causes  symptoms  referable  to  the  brain 
as  a  whole  or  to  parts  removed  from  the  seat  of  haemorrhage.  It 
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sometimes  happens  that  the  appearance  of  blood  in  the  membranes 
suggests  the  existence  of  haemorrhage  before  the  brain  is  laid  open, 
and  this  will  be  especially  the  case  when  rupture  of  an  aneurysm  of 
a  larger  artery  or  thrombosis  in  the  sinuses  has  been  the  cause.  On 
cutting  into  the  brain  substance  the  appearances  will  vary  to  some 
extent  according  to  the  cause  and  extent  of  the  haemorrhage.  If  there 
are  numerous  small  haemorrhages  closely  set  there  will  be  much 
softening  of  the  brain,  and  the  brain  substance  will  be  mixed  with 
blood.  If  the  haemorrhage  be  large  the  blood  will  be  more  pure.  In 
any  case  the  blood  produces  softening  in  the  parts  around,  which  may 
be  stained  with  the  blood  colouring-matter.  As  already  mentioned, 
there  are  usually  red  spots  from  capillary  haemorrhage  around  the 
clot.  The  clot  itself  is  mixed  with  the  debris  of  brain  substance, 
and  the  internal  wall  of  the  cavity  in  which  it  lies  has  an  irregular 
character. 

If  the  patient  die  almost  immediately  the  clot  is  exactly  like  an 
ordinary  gelatinous  post-mortem  coagulum.  But  if  he  survive  a  day 
or  two  the  clot  has  already  drawn  together  somewhat  and  become 
firmer  and  has  more  of  a  brown  colour.  This  is  sometimes  peculiarly 
manifest  at  the  peripheral  parts,  so  that  a  kind  of  capsule  may  be 
formed  of  condensed  fibrine. 

In  washing  away  the  clot  from  a  cavity  made  by  a  haemorrhage  one  often 
isolates  many  small  arteries  with  round  knobs  at  their  extremities.  These  are 
arteries  which  have  been  torn  across  by  the  accumulating  blood.  The  torn  arteries 
have  withdrawn  within  their  sheaths,  and  these  latter  have  become  distended 
with  little  plugs  of  blood  which  have,  in  the  manner  already  described  (p.  121), 
contributed  to  the  stilling  of  the  haemorrhage.  These  little  swellings  may  be 
readily  mistaken  for  miliary  aneurysms. 

The  observations  of  Diirck  are  interesting  in  regard  to  the  changes  which 
occur  in  the  blood-corpuscles  and  their  pigment  after  haemorrhages  in  the  brain. 
These  changes,  which  have  been  already  referred  to  at  p.  182,  consist  mainly  in 
swelling  up  of  the  red  corpuscles,  discharge  of  their  pigment,  and  the  conversion 
of  the  latter  first  into  haemosiderin,  and  then  into  haematoidin.  The  presence  of 
haemosiderin  is  detected  (either  in  the  fresh  state  or  in  sections  made  after 
hardening  in  Miiller's  fluid  or  alcohol)  by  the  use  of  dilute  solutions  of  ferro- 
cyanide  of  potassium  and  hydrochloric  acid,  in  which  sections  may  lie  for  several 
hours.  From  his  experiments  in  the  lower  animals,  a  kind  of  time-table  has  been 
constructed  by  Diirck,  which  may  approximately  be  applied  to  human  pathology. 
From  the  second  day  after  a  cerebral  haemorrhage  the  corpuscles  begin  to  swell 
and  give  up  their  pigment.  On  the  third  day  amoeboid  cells  containing  red 
corpuscles  are  first  seen.  These  red  corpuscles  undergo  shrinking  from  the  fifth 
day.  On  the  sixth  day  there  is  the  first  appearance  of  haemosiderin,  which  is 
diffused  in  the  tissues.  On  the  tenth  day  the  haemosiderin  is  collected  into  the 
contractile  cells,  but  still  in  solution.  On  the  twelfth  it  begins  to  become 
granular  inside  the  cells.     By  the  eighteenth  the  granular  pigment  begins  to 
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get  free  by  disintegration  of  the  cells.  About  the  twenty-fifth  day  there  begins 
a  finely  granular  precipitation  of  the  pigment  and  loss  of  its  iron,  which  by 
the  thirty-fifth  day  has  made  essential  progress.  From  this  time  the  hasmatoidin 
increases,  and  by  the  sixtieth  day  it  is  the  only  form  of  pigment  present,  and  it 
is  entirely  extra-cellular.  By  this  time  crystals,  which  are  identical  with  those  of 
bilirubin,  may  be  present. 


Fig.  342. — Crystals  of  hfematoidin  from  old 
haemorrhage  in  the  brain.     X  4(10. 


Disposal  of  the  clot.     The  Apoplectic  cicatrix  and  cyst. — The 

pigment  of  the  coagulurn  is  disposed  of  in  the  manner  indicated 
above.  It  first  stains  the  sur- 
rounding brain  tissue,  in  which 
we  often  find  a  rosy  or  rusty 
colour.  It  finally  assumes  the 
form  of  hsematoidin,  crystals  of 
which  (see  Fig.  342)  are  fre- 
quently met  with  in  connection 
with  old  haemorrhages,  even 
years  after  their  occurrence. 

The  further  disposal  of  the 
blood  clot  is  effected  by  a  pro- 
cess analogous  to  the  organiza- 
tion of  a  thrombus  in  a  vein  or 
artery  (see  pp.  106-108).  The 
process  is  one  of  chronic  inflam- 
mation with  the  result  that  a 
vascular  tissue  is  produced,  which,  forming  around  the  clot,  takes 
part  in  its  absorption  by  penetrating  its  substance,  while  also  form- 
ing a  capsule  and  fencing  it  off  from  the  surrounding  tissue. 

Through  time  the  contents  are  absorbed  and  there  may  result,  as 
in  the  case  of  softening  of  the  brain,  a  Cicatrix.  In  many  cases, 
however,  the  absorbed  matter  is  replaced  by  clear  fluid  and  a  kind 
of  cyst  is  the  result,  the  so-called  Apoplectic  cyst.  The  cyst  is 
not  merely  a  sac  containing  fluid,  but  it  is  generally  intersected  by 
connective-tissue  trabecule  in  the  form  of  a  network.  It  is  indeed 
more  an  cedematous  cicatrix  than  a  cyst.  It  has  already  been 
noticed  that  similar  cysts  and  cicatrices  occur  as  a  result  of  softening 
of  the  brain.  These  latter,  however,  do  not  commonly  show  blood 
crystals  in  their  walls,  whereas  the  true  apoplectic  cyst  may  present 
them  even  at  a  late  date. 

The  apoplectic  cyst  may  be  compared  in  its  origin  with  a  cicatrix  ; 
it  arises  by  the  formation  of  connective  tissue  and  fills  the  place  of 
tissue  lost,  and  it  is  only  because,  being  situated  in  the  midst  of  the 
brain  substance,  it  does  not  readily  contract  that  we  have  a  cyst  rather 
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than  a  cicatrix.  In  this  respect  it  may  be  compared  with  the  organized 
thrombus  as  shown  in  Figs.  35  and  36,  in  which  the  shrinking 
of  the  new  formed  connective  tissue  produces  dilated  blood-vessels, 
whilst  here  it  is  merely  spaces  which  are  produced.  If  the  haemor- 
rhage has  been  near  the  surface  of  a  ventricle  or  of  the  brain  itself 
we  may  have  a  cicatrix ;  or  a  cyst,  by  thickening  of  the  trabecule 
and  gradual  drawing  together  of  the  parts,  may  be  converted  into 
a  cicatrix.  In  the  case  of  cicatrices  occurring  thus  on  the  surface 
of  the  brain  the  soft  membranes  are  depressed  and  puckered  and 
firmly  adherent  to  them.  The  cicatrices,  like  the  cysts,  often  present 
some  remains  of  blood-colouring  matter. 

Literature. — Durand-Fardel,  Arch,  gen.,  1844,  and  Traite  des  maladies  des 
vieillards,  1854 ;  Burrows,  Disorders  of  cerebral  circulation,  1846 ;  Copeland, 
Nature  and  treatment  of  apoplexy,  1850 ;  Nothnagel  in  Ziemssen's  Encyclop. 
Aneurysm  of  larger  arteries — Smith,  Dublin  Quart.,  iv.,  1847;  Ogle,  Med.  times 
and  gaz.,  1866,  i. ;  Church,  St.  Barth.  Hosp.  Ptep.,  vii,  1871;  Tufnell,  Dubl. 
Quart.,  xv.,  1853;  Holmes'  Syst.  of  surg.,  Art.  "Aneurism";  Ponfick,  Virch. 
Arch.,  lviii.,  1873;  Coats,  Glasg.  -Med.  Jour.,  v.,  1873  (with  list  of  87  cases  and 
tabulation  of  results)  and  Trans,  of  Internat.  Med.  Congress,  1881,  i.,  415. 
Aneurysm  of  nutrient  arteries — Charcot  and  Bouchard,  Arch,  de  physiol.,  1868, 
i.,  and  Charcot,  On  senile  dis.,  Syd.  Soc.  transl.,  1881;  Turner,  Path,  trans., 
xxiii.,  1882  ;  Eichler,  D.  Arch.  f.  klin.  Med.,  xxii.  Blood- pigment  in  cerebral 
haemorrhage — Durck  (with  references),  Virch.  Arch.,  vol.  cxxx.,  p.  29,  1892. 

V.— INFLAMMATIONS  OF  THE  BRAIN. 

These  embrace  a  very  extensive  and  varied  set  of  conditions,  some 
•of  which  have  little  in  common.  Thus  there  are  localized  inflamma- 
tions of  an  acute  kind,  going  on  sometimes  to  the  formation  of 
abscesses ;  chronic  localized  inflammations ;  inflammations  diffused 
throughout  the  brain ;  inflammations  extending  to  the  brain  substance 
from  the  membranes,  etc. 

1.  Acute  localized  non-septic  encephalitis. — We  have  already  seen 
that,  around  and  in  the  midst  of  hemorrhagic  foci  and  cerebral 
softenings,  there  are  inflammatory  manifestations,  evidenced  by  the 
presence  of  leucocytes,  containing  fat  granules.  The  inflammatory 
process  does  not  go  on  to  suppuration,  but  results  in  the  formation  of 
connective  tissue,  constituting  a  cyst  or  a  cicatrix. 

2.  Abscess  of  the  brain.— Abscess  of  the  brain  being,  like  abscess 
elsewhere,  a  septic  process,  it  arises  by  the  implantation  of  pyogenic 
microbes  in  the  brain  substance.  The  disease  is  a  somewhat  frequent 
•one.  The  abscess  is  usually  single,  but  occasionally  there  is  more 
than  one. 

Causation  and  mode  of  infection. — The  brain  being  enclosed  in 
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several  envelopes,  one  of  which  is  a  bony  case,  the  pyogenic  microbes 
can  only  find  access  to  it  either  by  lesions  of  the  enveloping  structures, 
or  by  means  of  the  arteries.  The  latter  is  a  very  unusual  mode  of 
infection,  but  it  has  been  met  with,  especially  in  cases  of  disease  of 
the  lungs  characterized  by  suppurating  cavities.  In  two  cases  in 
which  thrush  was  coincident,  the  abscesses  in  the  brain  contained 
growths  of  the  oidium  albicans.  In  the  great  majority  of  cases  it  is 
by  the  extension  of  septic  processes  from  the  bones  of  the  skull  that 
abscesses  of  the  brain  are  brought  about. 

Given  a  septic  inflammation  in  any  part  of  the  cranium,  there  are 
several  ways  in  which  the  infection  may  spread  inwards.  There 
may  be  a  direct  extension  from  the  bone  to  the  dura  mater.  In  that 
case  a  septic  pachymeningitis  is  the  result.  Pus  may  collect  inside 
the  dura  mater  and  may  be  limited  by  adhesions,  so  as  to  lead  to 
a  subdural  abscess,  perhaps  with  erosion  of  the  brain.  Or,  without 
any  considerable  accumulation  of  pus  between  the  dura  mater  and 
the  bone,  the  septic  process  may  advance  into  the  brain.  There  is 
usually  in  this  case  adhesion  of  the  dura  mater  to  the  brain  and  some 
softening  of  the  latter. 

Again  infection  frequently  travels  by  the  veins  and  venous  sinuses. 
A  septic  inflammation  of  a  cranial  bone  may  directly  involve  the 
wall  of  a  vein  or  sinus.  Thrombosis  is  thus  induced,  and  as  there 
are  septic  agents  present,  a  thrombo-phlebitis  is  the  result.  The 
extension  may  be  directly  to  one  of  the  sinuses  of  the  dura  mater. 
On  the  other  hand  the  extension  may  be  first  to  one  of  the  veins  of 
the  diploe  and  thence  to  the  sinus.  The  veins  of  the  diploe'  open 
partly  into  veins  outside  the  skull  and  partly  into  those  inside.  In  the 
latter  case  thrombo-phlebitis  is  liable  to  extend  to  the  intra-cranial 
venous  sinuses.  As  the  most  frequent  seat  of  the  original  disease  is 
the  temporal  bone,  the  extension,  whether  directly  or  by  the  veins 
of  the  diploe,  is  usually  to  the  sigmoid  and  lateral  sinuses.  In  this 
connection  it  is  also  of  consequence  that  the  posterior  temporal  vein  of 
the  diploe  opens  into  the  lateral  sinus.  On  the  other  hand  it  is  to  be 
remembered  that  the  intra-cranial  sinuses  receive  blood  from  the 
cerebral  veins,  and  there  is  thus  a  communication  between  the  bones 
and  the  cerebral  substance.  The  thrombosis  which  accompanies  the 
process  is  liable  to  block  the  sinuses,  and  the  blood  may  in  consequence 
even  partially  regurgitate  into  the  veins  of  the  brain,  carrying  septic 
agents  with  it,  or  there  may  be  a  propagation  of  the  septic  thrombosis 
into  these  veins. 

In  this  mode  of  extension  there  is  liable  to  be  a  septic  Lepto- 
meningitis from  the  infection  spreading  to  the  pia-arachnoid.  Abscess 
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of  the  brain  may  therefore  be  associated  with  that  disease,  or  either 
abscess  or  lepto-meningitis  may  occur  alone. 

A  more  unusual  and  possibly  more  doubtful  mode  of  extension  is 
along  the  perivascular  lymphatics  of  the  blood-vessels.  The  infective 
process  may  possibly  penetrate  along  the  outside  of  the  veins  without 
producing  a  septic  thrombosis  of  the  veins  themselves. 

The  primary  septic  inflammation  of  the  bones  has,  in  the  majority 
of  cases,  its  origin  in  suppurative  disease  of  the  middle  ear  (otitis 
media).  It  is  very  seldom  that  an  acute  otitis  media,  even  though 
it  be  suppurative,  leads  to  septic  inflammation  inside  the  skull.  It 
is  usually  the  chronic  cases,  in  which  the  tympanic  membrane  has 
been  lost  and  there  has  been,  it  may  be  for  years,  a  discharge  from 
the  external  meatus.  The  suppuration  in  the  middle  ear  affects  the 
mucous  membrane,  which  is  here  closely  connected  with  the  bone 
and  acts  as  a  periosteum.  Hence  the  bone  is  liable  to  be  affected, 
becoming  carious  or  even  undergoing  necrosis.  The  tympanic  cavity 
and  mastoid  cells  both  send  blood  into  the  sinuses  of  the  dura  mater  by 
means  of  veins  which  pass  through  the  bone ;  those  of  the  tympanum 
passing  into  the  petrosal  sinus  and  those  of  the  mastoid  cells  into 
the  lateral  sinus. 

The  abscesses  arising  from  ear-disease  are  usually  situated  either 
in  the  temporo-sphenoidal  lobe,  or  in  the  cerebellum.  In  the  latter 
case  the  extension  has  occurred  for  the  most  part  by  the  sinuses 
and  veins. 

Injuries  to  the  head  sometimes  give  rise  to  abscess  of  the  brain 
by  extension  of  the  septic  process.  Compound  fractures  with  freely 
open  wounds  have  seldom  this  result.  It  is  mostly  punctured  fractures 
where  infective  matter  is  carried  deeply  inwards.  There  may  even 
be  a  septic  extension  without  fracture  where  the  bones  of  the  skull 
have  been  exposed  in  a  wound  and  dirt  ingrained  into  them. 

Disease  of  the  nose  and  orbit  are  rare  causes  of  cerebral  abscess, 
and  it  is  only  when  the  bones  are  affected,  as  in  some  cases  of  syphilis, 
that  extension  will  occur.  Septic  inflammations  of  the  skin  of  the 
face  and  of  the  scalp,  more  particularly  erysipelas,  sometimes  lead 
to  septic  leptomeningitis,  but  seldom  to  abscess  of  the  brain.  The 
extension  here  occurs  by  the  veins,  a  thrombo-phlebitis  extending, 
it  may  be,  from  the  orbit  whose  veins  have  communications  with 
the  cavernous  sinus  inside  the  skull. 

Formation  and  character  of  the  abscess. — The  abscess  begins 
presumably  with  a  small  softening  which  goes  on  to  suppuration. 
The  fully  formed  abscess  contains  a  thick  pus,  usually  greenish  in 
colour,  and  in  the  case  of  ear  disease  generally  exhaling  a  pungent 
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putrid  odour.  In  many  cases  the  abscess  is  really  a  chronic  one  and 
the  pus  corpuscles  are  disintegrated.  It  is  bounded  usually  by  a  dis- 
tinct wall  formed  of  granulation  tissue,  sometimes  partly  developed 
into  connective  tissue.  This  frequently  forms  a  definite  separable 
membrane,  which  separates  the  abscess  from  the  brain  tissue,  the 
latter  being  often  softened  in  the  immediate  vicinity.  The  membrane 
takes  some  time  to  form,  being  rarely  distinct  till  the  third  week 
and  not  fully  formed  for  two  months  or  even  longer.  When  once 
formed  and  encapsuled  the  abscess  may  remain  long  stationary,  but 
it  usually  enlarges  gradually,  and  may  finally  burst  into  the  lateral 
ventricles  or  externally. 

The  abscess  causes  enlargement  of  the  part  affected,  and  the  con- 
volutions over  it  are  flattened  and  softened.  Abscess  is  four  times 
as  frequent  in  the  cerebrum  as  in  the  cerebellum,  and  the  temporo- 
sphenoidal  lobe  is  most  frequently  affected  from  its  proximity  to  the 
ear. 

3.  Chronic  localized  encephalitis. — The  processes  of  chronic  inflam- 
mation are  similar  to  those  in  the  spinal  cord,  and  the  result  here, 
as  there,  is  Sclerosis.  In  the  case  of  the  brain  there  is  hardly  anything 
of  the  systematic  sclerosis  so  frequent  in  the  cord.  There  is,  however, 
one  form  of  disease  which  affects  both  brain  and  spinal  cord,  and  which 
presents  some  analogies  with  the  systematic  scleroses  of  the  cord. 

Disseminated  or  Insular  sclerosis,  Sclerosis  in  patches. — The 
causation  of  this  disease  is  exceedingly  obscure.  It  mostly  comes 
on  without  any  definite  cause  being  assignable.  It  is  characterized 
by  the  occurrence  of  patches  of  chronic  inflammation  or  degeneration 
scattered  over  the  cord,  or  the  brain,  or  both.  These  patches  have 
all  the  characters  of  sclerosis;  in  the  white  substance,  where  they 
chiefly  occur,  they  are  grey,  and  in  both  white  and  grey  substance 
they  produce  induration  and  shrinking.  Under  the  microscope  the 
sclerosed  white  substance  shows  loss  of  the  medullary  sheaths  of 
the  fibres,  while  the  axis  cylinders,  except  in  advanced  stages,  are 
largely  retained.  In  the  grey  substance,  the  ganglion  cells  are 
shrunken,  sometimes  with  pigmentation.  At  the  peripheral  parts  of 
the  patch  there  may  be  evidences  of  more  active  inflammation,  in  the 
form  of  abundant  round  cells  along  with  compound  granular  corpuscles. 

The  distribution  of  the  patches  is  somewhat  irregular.  They  are 
found  of  various  sizes  in  the  cord,  medulla  oblongata,  pons,  peduncles, 
corona  radiata,  convolutions,,  cerebellum.  In  such  different  situations 
the  sclerosis  leads  to  very  various  functional  disturbances.  The  great 
frequency  of  motor  tremors,  however,  suggests  some  tendency  to  local- 
ization.   Erb  has  pointed  out  that  when  tremors  exist,  patches  are 
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specially  present  on  the  peduncular  parts  (pons,  medulla,  peduncles). 
If  patches  are  seated  there,  the  motor  impulses  will  be  imperfectly 
conducted  but  not  absolutely  interrupted,  as  the  axis  cylinders  are 
preserved. 

4.  Diffused  encephalitis. — This  term  may  be  applied  to  conditions 
in  which  there  is  a  general  irritation  of  the  brain,  presumably  by  an 
irritant  circulating  in  the  blood.  It  may  be  held  to  include  a  consider- 
able number  of  varied  conditions.  As  the  irritant,  being  in  the  blood, 
will  attack  all  parts  equally,  we  may  expect  to  find  evidences  of  irrita- 
tion in  the  spinal  cord  as  well  as  in  the  brain,  but  as  in  other  cases 
of  morbid  poisons,  there  will  be  a  selective  character. 

(a)  In  Acute  febrile  diseases  it  may  be  presumed  that  the  brain 
is  irritated  by  poisons  in  the  blood.  According  to  Popoff,  this  is 
evidenced  in  the  case  of  typhoid  fever  by  the  presence  of  abundant 
leucocytes.  These  are  stated  to  be  particularly  abundant  around  the 
vessels,  evidently  spreading  out  from  these.  The  leucocytes  were 
frequently  found  in  the  spaces  around  the  ganglion  cells  (pericellular 
lymph  spaces),  and  even,  in  some  cases,  in  the  substance  of  the 
ganglion  cells. 

Middleton  has  pointed  out  that  in  delirium  tremens,  tubercular 
meningitis,  uraemia,  fracture  of  the  skull  with  injury  to  the  brain, 
erysipelas,  etc.,  the  brain  substance  is  over-run  with  leucocytes,  the 
appearances  being  somewhat  similar  to  those  to  be  described  as 
occurring  in  hydrophobia.  In  all  cases  where  irritation  of  the 
nervous  centres  is  evidenced  during  life  by  Delirium  or  otherwise, 
these  signs  of  irritation  may  be  looked  for  in  the  brain  after  death. 
In  some  cases  of  erysipelas,  diphtheria,  and  septic  inflammations, 
micrococci  have  been  detected  forming  centres  of  irritation  with 
minute  softenings. 

(b)  General  paralysis  of  the  insane  (Dementia  paralytica). — The  caus- 
ation of  this  disease  is  obscure,  but  as  it  has  the  general  characters  of 
an  acute  inflammation,  followed  by  a  chronic  and  atrophic  period,  it 
may  be  supposed  that  it  is  due  to  an  irritant  of  some  kind  acting 
on  the  brain  and  spinal  cord  generally. 

The  earlier  periods  of  the  disease  are  characterized  by  evidences  of 
abnormal  cerebral  activity,  such  as  mania,  which  is  sometimes  very 
furious.  In  this  acute  period  the  brain  is  swollen  and  hyperaemic, 
and  there  are  multiple  foci  in  which  collections  of  leucocytes  and 
capillary  haemorrhages  are  visible. 

In  the  chronic  periods,  which  most  cases  have  reached  before 
death,  the  appearances  are  those  of  a  chronic  inflammation  of  the  brain 
and  its  membranes,  along  with  degeneration  and  atrophy  of  the  brain 
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substance.  The  disease  has  thus  very  much  the  characters  of  a 
meningitis  and  interstitial  cerebritis  with  loss  of  the  proper  nervous 
tissue  as  a  consequence,  a  cirrhosis  of  the  brain. 

The  appearances  are  prominently  those  of  Atrophy  of  the  brain. 
On  removing  the  calvarium  the  dura  mater  is  commonly  found  wrinkled 
and  the  soft  membranes  cedematous,  evidently  from  shrinking  of  the 
brain  substance.  The  cedema  of  the  membranes  is  most  visible  in  the 
sulci,  which  gape  and  are  filled  up  with  cedematous  connective  tissue. 
The  fluid  is  chiefly  over  the  parietal  and  occipital  lobes,  perhaps  from 
gravitation.  There  is  also  distension  of  the  ventricles,  frequently  very 
great,  so  that  the  brain  substance  lying  between  the  fluid  in  the 
ventricles  and  the  cedematous  membranes  is  greatly  shrunken.  The 
surface  of  the  ventricles  is  beset  with  little  prominent  granulations 
which  are  often  very  marked.  The  pia  mater  is  adherent  to  the  sur- 
face of  the  convolutions,  so  that  on  attempting  to  remove  it  bits  of 
brain  substance  come  away.  These  adhesions  may  be  taken  as  indica- 
tions of  the  inflammatory  nature  of  the  disease,  and  their  locality 
affords  some  evidence  of  the  localization  of  the  lesions.  Crichton 
Browne  states  that  they  occur  mainly  in  the  anterior  three-fourths  of 
the  brain,  affecting  the  frontal  lobe  chiefly  in  its  anterior  and  posterior 
thirds,  and  the  parietal  in  all  its  convolutions. 

The  brain  as  a  whole  is  greatly  reduced  in  weight.  Taking  the 
normal  weight  of  the  brain,  including  membranes,  etc.,  as  fifty  ounces 
for  the  adult  male,  and  forty-five  for  the  female,  the  weight  in 
general  paralysis  often  falls  to  thirty-five  ounces.  The  loss  of  weight 
does  not  affect  the  brain  uniformly ;  it  is  mainly  the  cerebral  hemi- 
spheres that  are  affected,  the  basal  ganglia  and  peduncular  parts 
being  much  less  so,  and  the  cerebellum  not  at  all. 

The  membranes  show  irregular  thickenings.  The  Pia  mater 
presents  milky  opacities  or  more  obvious  patches  of  thickening. 
The  Dura  mater  is  so  frequently  affected  that  at  one  time  it  was 
supposed  to  be  the  primary  seat  of  disease.  It  presents  patches 
of  thickening,  opacities,  and  even  flat  bony  developments,  and  it 
is  commonly  adherent  to  the  calvarium.  Not  infrequently  there  are 
extravasations  of  blood  of  smaller  or  larger  size  accompanied  by 
appearances  to  be  described  afterwards  as  Pachymeningitis  chronica 
hemorrhagica.  The  Calvarium  itself  sometimes  presents  thickening, 
which  is  usually  diffuse,  and  may  be  chiefly  due  to  the  shrinking 
of  the  brain  ;  sometimes  there  are  also  local  prominences  or  actual 
exostoses.  Sometimes  the  diploe  is  converted  into  dense  bone,  so 
that  the  calvarium  is  much  heavier  than  normal — so-called  sclerosis 
of  the  bone. 
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These  appearances  are  due  to  inflammation  and  shrinking  of  the 
brain  substance,  the  dropsy  of  the  ventricles  and  oedema  of  the 
membranes  occurring  in  order  to  fill  up  the  space  formerly  occupied 
by  the  brain,  the  cranium  being  a  cavity  of  fixed  size  and  the 
dropsy  being  ex  vacuo. 

The  appearances  under  the  microscope  are  chiefly  those  of  diffuse 
sclerosis  and  atrophy  of  the  brain  substance.  We  have  already  seen 
that  there  is  sclerosis  of  the  posterior  columns  of  the  cord,  and  this 
may  even  be  an  early  condition.  In  the  brain  there  are  often  traces 
of  the  earlier  acute  condition  in  the  form  of  little  clumps  of  pigment 
around  the  vessels,  the  remains  of  former  extravasations.  But  the 
appearances  are  more  those  of  degeneration.  The  ganglion  cells 
are  shrunken  and  frequently  pigmented ;  the  blood-vessels  show 
sometimes  fatty  degeneration,  sometimes  a  homogeneous  glancing 
appearance  (colloid);  and  they  are  frequently  obstructed  by  glancing 
masses  which  are  partly  calcareous  and  partly  colloid.  These 
appearances  are  not  to  be  regarded  as  in  any  way  peculiar  to  this 
disease,  they  are  simply  evidences  of  the  profound  atrophy  of  the 
brain,  and  may  occur  to  a  limited  extent  in  old  persons  where  there 
has  been  only  a  senile  atrophy. 

(c)  Hydrophobia. — In  this  disease  the  symptoms  indicate  irritation 
of  certain  nerve  centres,  and  a  greatly  increased  reflex  irritability. 
The  centres  irritated  are  chiefly  those  of  the  medulla  oblongata  and 
spinal  cord,  although  delirium,  indicating  irritation  of  the  cerebral 
cortex,  is  also  occasionally  present.  The  symptoms  point  mainly  to 
the  medulla  oblongata ;  there  are  various  spasms  of  the  muscles  of 
deglutition  and  respiration  which  occur  to  some  extent  spontaneously, 
but  are  also  evoked  by  slight  sensory  stimulation.  The  mere  sight 
of  water  gives  rise  to  the  idea  of  swallowing  it,  and  brings  on  a 
violent  spasm  of  the  muscles  of  deglutition.  A  breath  of  cold  air 
on  the  surface  of  the  body  causes  a  violent  respiratory  spasm  or 
gasp.  The  centres  in  the  cord  are  also  irritated,  as  shown  by  the 
tendency  to  spasm  of  the  muscles  generally. 

An  irritating  virus  is  present  in  the  blood  and  induces  these 
conditions  of  the  nervous  system.  Pasteur's  researches  have  proved 
that  the  virus  is  present  in  the  cord  and  medulla.  After  death 
manifest  signs  of  irritation  are  usually  visible  on  microscopic  examin- 
ation. They  are  to  be  found  most  characteristically  in  the  medulla 
oblongata  and  next  to  that  in  the  spinal  cord,  but  are  not  absent 
in  the  other  parts  of  the  nervous  system.  The  most  prominent 
condition  is  an  accumulation  of  leucocytes  around  the  vessels  in 
the  substance  of  the  cord  and  medulla  oblongata.    There  may  be 
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just  a  few  leucocytes  in  the  sheath,  but  from  this  there  are  all 
gradations  up  to  a  condition  in  which  the  vessel  is  clothed  with 
a  mantle  consisting  of  many  layers  of  leucocytes  (Fig.  343).  The 


Fig.  343.— A  blood-vessel  from  the  medulla  oblongata  in  a  case  of  hydrophobia. 
Large  numbers  of  round  cells  are  seen  in  its  sheath,    x  350. 


leucocytes  are  also  present  elsewhere,  and  sometimes  in  such  quan- 
tities as  to  induce  some  observers  to  speak  of  the  collections  as 
miliary  abscesses.  The  leucocytes  find  their  way  into  the  peri- 
cellular spaces  and  are  found  keeping  company  with  the '  ganglion 
cells  in  these  situations.  In  the  medulla  oblongata  the  main  nutrient 
vessels  are  towards  the  posterior  part,  and  as  the  motor  nuclei  are 
in  this  region,  it  may  be  that  the  localization  of  the  irritation  here 
is  partly  determined  by  their  proximity.  In  addition  to  these 
conditions  minute  haemorrhages  have  been  observed  in  the  medulla 
and  cord. 

Signs  of  irritation  are  present  in  other  parts  of  the  body  besides 
the  nervous  system.  The  salivary  glands  have  been  found  to 
present  abundant  leucocytes  between  the  glandular  elements  (Fig. 
344).  In  the  kidneys  also  there  are  signs  of  irritation  in  the  form 
of  dilatation  of  vessels  and  hemorrhage. 
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It  is  clear  then  that  here  an  intense  irritant,  presumably  the  toxine 
of  a  microbe  as  yet  undiscovered,  is  circulating  in  the  blood,  and 
the  intensity  of  it  may  be  judged  from  the  fact  that  all  these  very 
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Fig.  344.— From  the  salivary  gland  in  a  case  of  hydrophobia.  In  the  middle  is 
portion  of  a  duct ;  abundant  round  cells  surround  it  as  well  as  the  glandular 
structure,  shown  in  outline.    X  350. 

marked  appearances  occur  within  two  or  three  days  of  the  onset  of 
the  nervous  symptoms.  These  structural  changes  vary  greatly  in 
degree  in  different  cases,  being  sometimes  very  slight.  This  would 
indicate  that  the  virus  attacks  the  nerve  structures  directly,  and 
that  the  inflammatory  appearances  are  concomitants  and  not  neces- 
sary parts  of  the  morbid  process.  They  are,  however,  evidences  of 
the  presence  of  a  strong  irritant. 

(d)  Tetanus. — The  microbe  of  tetanus  has  been  already  described 
at  p.  344.  It  produces  whether  in  artificial  cultures  or  in  the  body 
a  toxine  of  the  most  extraordinary  virulence  in  its  action  on  the 
nervous  system.  The  symptoms  are  those  of  an  intense  irritation 
of  the  spinal  cord  and  medulla  oblongata.  There  is  violent  spasm 
of  the  muscles,  but  those  under  the  control  of  the  medulla  oblongata 
are  not  so  specially  involved  as  in  hydrophobia,  although  the  person 
frequently  dies  from  spasm  of  the  muscles  of  respiration. 

There  are  signs  of  irritation  discoverable  in  the  spinal  cord  and 
medulla  oblongata,  although  they  are  very  different  from  those  in 
hydrophobia.  In  tetanus  the  most  prominent  and  constant  appear- 
ance suggests  the  exudation  of  fluid  from  the  vessels.  The  fluid 
sometimes  collects  around  the  vessels  and,  as  in  hardened  specimens 
the  albumen  is  coagulated,  a  granular  appearance  is  produced.  In 
other  cases  it  looks  as  if  the  fluid  produced  a  disintegration  of  the 
neighbouring   nervous   tissue,    the  appearance   being   that   of  the 
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"  granular  disintegration "  of  Lockhart  Clarke.  The  localization  of 
the  disintegration  around  the  vessels  suggests  its  origin  in  an 
exudation  from  them.  There  is  also  usually  an  excess  of  leucocytes 
around  the  vessels  and  in  the  grey  substance  of  the  medulla 
oblongata  generally. 

The  presence  of  an  irritant  as  the  cause  of  tetanus  was  inferred  long  before 
the  discovery  of  the  microbe,  and  the  disease  was  in  this  view  grouped  along 
with  hydrophobia.  In  both  of  these  diseases  the  temperature  is  elevated,  and, 
especially  in  the  case  of  tetanus,  reaches  sometimes  a  most  startling  height 
(110°  F.).  It  is  difficult  to  account  for  this  extreme  rise  of  temperature  by  the 
muscular  spasm,  though  the  possibility  of  this  explanation  is  not  to  be  absolutely 
denied.  It  seems  more  probable,  however,  that  the  irritant  acting  to  some  ex- 
tent generally  on  the  tissues  is  the  cause  of  the  elevation  of  temperature.  The 
analogy  to  the  specific  fevers  is  seen  in  the  facts  that  tetanus  has  been  known 
to  occur  in  epidemics,  and  that  if  a  case  survives  eight  days  there  is  considerable 
probability  of  recovery,  as  if  the  poison  ran  its  course  in  that  period. 

Literature. — Abscess  of  brain, — Gowers,  Dis.  of  nervous  syst.,  ii. ;  Leberth,  Virch. 
Arch.,  x.,  1856;  Billroth,  Arch.  d.  Heilk.,  1862;  Eettelheim,  (Abscess  from 
empyema)  D.  Arch.  f.  klin.  Med.,  1885,  xxxv.;  Eiselberg,  ibid.,  xxxv.;  Macewen, 
Pyogenic  infective  diseases  of  the  brain  and  spinal  cord,  1893 ;  Adams  (Mode  of 
extension  from  ear),  Glasg.  Med.  Jour.,  1881,  xv. ;  Barker,  Barr,  Greenfield, 
Coats,  etc.,  ibid.,  1887,  xxviii.,  119.  Sclerosis — Charcot,  Lectures  on  dis.  of  nerv. 
syst.,  Syd.  Soc.  trans.,  1st  series,  1877 ;  Bindfleisch,  Virch.  Arch.,  xxvi. ;  Leyden, 
Deutsch.  Klinik.,  1867;  Erb,  in  Ziemssen's  Encycl.,  1877,  xii. ;  Moxon,  Guy's 
Hosp.  Bep.,  1875,  xx. ;  Coats,  Glasg.  Med.  Jour.,  1879,  xii.  Acute  febrile  conditions 
— Popoff  (Typhoid)  Virch.  Arch.,  lxxxvi.;  Schule,  ibid.,  lxvii.  ;  Letzerich,  ibid. , 
lxxv.;  Blaschko,  ibid.,  lxxxiii. ;  Middleton,  Jour,  of  Anat.  and  Phys. ,  Oct.,  1880. 
Dementia  jmrcdytica — Bayle,  Gaz.  des  Hop.,  1854,  No.  77 ;  Bevan  Lewis,  A  text- 
book of  mental  diseases,  1889  ;  Obersteiner,  Virch.  Arch.,  lii. ;  Meyer,  ibid. ,  lviii. ; 
Lockhart  Clarke,  Lancet,  1866,  ii.;  Crichton  Browne,  West  Biding  As.  Bep.,  vi., 
1876.  Hydrophobia — Allbutt,  Path,  trans.,  xxiii.,  72  ;  Benedikt,  Virch.  Arch., 
xiv.;  Gowers,  Path,  trans.,  xxviii.,  and  Dis.  of  nerv.  syst.,  1888;  Coats,  Med. 
Chir.  trans,  lxi.,  1879;  Boss,  Path,  trans.,  xxx.,  1879.  Tetanus — Leyden,  Virch. 
Arch.,  xxvi.,  1863;  Lockhart  Clarke,  Med.  Chir.  trans.,  xlviii.,  1865;  Dickinson, 
ibid.,  Ii.,  1868;  Coats,  ibid.,  lxi.,  1878;  Allbutt,  Path,  trans.,  xxii.,  1871. 

VI.— ATROPHY  AND  DEGENERATIONS  OF  THE  BRAIN. 

Under  the  congenital  malformations  of  the  brain  we  have  already 
described  several  conditions  which  might  be  included  in  the  designa- 
tion congenital  atrophy  or  aplasia.  We  have  also  seen  that  in 
Dementia  paralytica  there  is  an  atrophy  of  the  brain  as  a  whole. 

Senile  atrophy  has  somewhat  similar  characters  to  that  last  men- 
tioned. Occasionally  the  brains  of  old  people  undergo  a  general 
shrinking,  and  the  space  is  made  up  partly  by  dropsy  of  the  ventricles 
and  oedema  of  the  membranes  and  partly  by  thickening  of  the 
cranial  bones.    The  atrophy  is  sometimes  partial. 
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Degenerative  changes. — It  is  not  necessary  to  give  here  a  detailed 
account  of  these,  as  they  have  mostly  been  incidentally  considered. 

The  White  substance  of  the  brain  undergoes  a  process  of  atrophy 
under  various  circumstances — in  softening  of  the  brain,  in  sclerosis, 
etc.  It  also  presents  a  condition  which  Lockhart  Clarke  has  desig- 
nated Granular  disintegration.  This  occurs  in  the  neighbourhood 
of  blood-vessels,  and  is  probably  due  to  exudation  from  them.  The 
white  substance  degenerates  into  an  indefinite  granular  material. 

The  Ganglion  cells  are  frequently  the  seat  of  atrophy  and  degen- 
eration. They  may  undergo  a  Simple  atrophy,  shrinking  and  losing 
their  processes.  But  very  commonly  the  atrophy  is  accompanied 
by  pigmentation,  and  so  a  Pigmentary  degeneration  is  the  result. 
Virchow  was  the  first  to  describe  a  Calcification  of  the  ganglion 
cells.  This  condition  seems  to  be  of  frequent  occurrence  when  these 
cells  are  suddenly  deprived  of  vitality.  It  was  found  by  Virchow 
originally  in  cases  of  commotio  cerebri,  but  has  since  been  seen  in 
softening  of  the  brain,  in  acute  poliomyelitis  anterior,  etc.  The 
ganglion  cells,  having  died;  and  having  undergone  coagulation-necrosis, 
become  infiltrated  with  lime,  like  other  dead  structures.  A  Hyaline 
or  Colloid  degeneration  of  the  ganglion  cells  has  also  been  described, 
especially  in  cases  of  insanity. 

Secondary  degenerations  in  the  brain. — These  are  similar  to  those 
already  described  as  occurring  in  the  spinal  cord,  and  they  concern 
chiefly  the  pyramidal  tract.  This  tract  degenerates  when  it  is  cut  off 
from  the  motor  convolutions  at  whatever  level.  This  severance  is  the 
result  of  destructive  lesions,  usually  haemorrhage  or  softening,  the  most 
frequent  seat  of  such  lesions  being,  as  already  mentioned,  the  region 
of  the  corpus  striatum.  In  cases  of  extensive  destruction  of  the  motor 
convolutions  the  secondary  degeneration  has  been  traced  downwards 
through  the  pyramidal  tract  to  end  only  in  the  spinal  cord.  A  tract 
of  grey  degeneration  is  found  in  the  parts  of  the  corona  radiata  corre- 
sponding with  the  lesion.  It  extends  to  the  internal  capsule,  occupying 
the  anterior  two-thirds  of  its  hinder  limb  (ik,  Fig.  333),  thence  it 
passes  to  the  crus  cerebri,  occupying  the  middle  two-fifths  of  the 
crusta,  extending  from  the  surface  below  nearly  to  the  substantia 
nigra  above.  In  the  pons  the  tract  is  anterior,  and  is  covered  over 
by  transverse  fibres,  which  also  pass  in  and  separate  the  bundles. 
The  course  in  the  medulla  oblongata  and  cord  has  already  been 
traced. 

In  some  cases  of  unilateral  cerebral  disease  there  is  a  degeneration 
on  both  sides  of  the  cord,  the  motor  centres  of  one  cerebral  hemi- 
sphere being  represented  apparently  on  both  sides  of  the  body.  The 
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degeneration,  however,  is  much  more  marked  in  the  pyramidal  tract 
belonging  to  the  lesion. 

Secondary  degeneration  also  occurs  in  the  fibres  passing  from  the 
parts  anterior  to  the  motor  area,  namely,  those  in  front  of  the 
ascending  frontal  convolution.  These  fibres  pass  through  the  anterior 
limb  of  the  internal  capsule  and  the  inner  part  of  the  crusta  of 
the  peduncles,  to  end  in  the  grey  matter  of  the  pons  where  their 
degeneration  ceases.  These  fibres  are  probably  prolonged  to  the 
cerebellum,  forming  communications  between  the  frontal  convolu- 
tions and  the  cerebellum  (fronto-cerebellar  fibres). 

If  of  long  standing  there  may  be  considerable  shrinking  in  the 
parts  affected  by  the  secondary  degeneration. 


VII.  — TUBERCULOSIS  AND  SYPHILIS  OF  THE  BRAIN. 

Both  of  these  conditions  present  themselves  in  the  form  of  tumours, 
but  more  especially  tuberculosis.  In  its  clinical  aspects,  indeed,  tuber- 
culosis of  the  brain  substance  has  all  the  characters  of  a  tumour,  and 
it  constitutes  about  half  the  cases  of  tumour  of  the  brain. 

1.  Tubercular  tumour  of  the  brain  (Scrof  ulous  tubercle  of  the  brain). — 
As  already  indicated,  this  is  a  very  common  lesion,  being  the  most 
frequent  form  of  tumour  of  the  brain.  It  is  a  pure  local  tuberculosis 
and  may  occur  without  any  other  tubercular  manifestation.  The 
symptoms  are  chiefly  those  of  tumour  of  the  brain,  and  the  diagnosis 
of  the  kind  of  tumour  is  sometimes  difficult. 

The  tubercular  tumour  occurs  most  frequently  in  young  persons, 
and  is  often  multiple.  We  have  seen  that  tubercles  are  minute 
round  bodies,  but  here  in  the 
brain  substance  we  have  solid 
tumours  of  a  size  increasing  up 
to  that  of  a  hen's  egg  and  larger. 
These  massive  tumours  are  com- 
posed of  myriads  of  tubercles, 
along  with  the  products  of  their 
degeneration.  The  greater  part 
of  the  tumour  is  made  up  of  a 
firm  yellow  caseous  mass,  which 
resembles  very  closely  in  appear- 
ance a  scrofulous  gland  (see  Fig.  345).  Sometimes  the  cheesy 
mass  is  directly  continuous  with  the  brain  substance,  but  usually 
there  is  a  transparent  grey  zone  outside  it,  and  this  gradually 
merges  in  the  brain  substance  around.  This  grey  zone,  when  it 
exists,  indicates  that  the  tumour  has  been  growing  up  till  deaths 


Fig.  345.— Tubercular  growth  in  cerebellum. 
a,  Main  mass  of  tumour ;  b,  part  involving- 
corpora  quadrigemina  ;  /,  part  projecting  into 
fourth  ventricle  ;  c,  third  ventricle  ;  d,  pons. 


670 


THE  ENCEPHALON. 


and  is  often  distinctly  composed  of  tubercles  of  characteristic  form. 
Sometimes  there  are  no  rounded  tubercles  in  it.  and  it  forms  simply 
a  cellular  zone.  The  grey  tissue  gradually  merges  in  the  brain 
substance,  and  both  it  and  the  brain  substance  show  inflammatory 
conditions  characterized  by  the  presence  of  multitudes  of  round  cells. 
The  solitary  tubercles  are  met  with  in  all  parts  of  the  brain  and 
spinal  cord,  but  are  most  frequent  in  the  cerebellum,  and  next  to 
that  in  the  cerebrum. 

The  tumours  in  the  cerebrum  or  cerebellum  are  almost  always 
near  the  surface,  and  they  sometimes  lead  to  a  local  or  general 
tubercular  meningitis.  In  the  cerebellum  they  may  be  so  large  as 
to  replace  almost  the  entire  substance  of  a  lobe  (see  Fig.  345). 

2.  Syphilis  of  the  brain  and  .  its  membranes.— Syphilis  attacks 
the  brain  chiefly  in  conjunction  with  the  membranes.  It  is  very 
rare  to  meet  with  a  syphilitic  tumour  in  the  brain  substance  with- 
out some  connection  with  the  surface,  and  probably  the  lesion,  in 
almost  every  case,  begins  in  the  membranes.  The  lesions  are  those 
of  the  tertiary  stage,  and  have  the  characters  already  described. 
They  are,  the  gumma  associated  with  more  or  less  inflammation 
around,  and  the  affection  of  the  arteries. 

The  Gumma  occurs  as  a  grey  or  yellow  mass,  or  is  variously 


Fig.  346. — Gumma  of  membranes  affecting  brain,  a,  Thickened  membranes 
adherent  to  brain  ;  b,  b,  arteries  with  syphilitic  endarteritis  ;  c,  c,  round-celled  tissue 
in  brain  substance  ;  d,  caseous  structures,  involving  occluded  capillaries  e,  e,  e. 

composed  of  both  grey  and  yellow  material.  The  grey  structure 
consists  of  more  or  less  fresh  granulation  tissue,  while  the  yellow 
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is  due  to  caseous  necrosis,  and  hence  is  older.  The  caseous  part 
consists  of  granular  structureless  matter,  in  which  may  be  recognized 
some  traces  of  the  original  tissue,  along  with  fat  and  blood-pigment. 
The  mass  presents  these  two  constituents  in  varying  abundance  (see 
Fig.  346),  and  the  outline  of  the  tumour  is  indefinite,  shading  off 
on  the  one  hand  into  inflamed  and  thickened  membranes,  and  on 
the  other  into  the  brain  substance  infiltrated  with  round  cells. 

Sometimes  the  gumma  obviously  grows  from  the  Soft  membranes, 
the  pia-arachnoid.  The  membranes  are  thickened  and  matted,  and 
adherent  to  the  brain  beneath.  From  their  under  surface  rounded 
masses  bulge  against  the  brain  substance,  adhering  to  it  and  causing 
destruction.  There  is  usually  a  zone  of  softening  at  the  advancing 
margin  of  the  tumour,  and  there  may  be  considerable  areas  of  softening 
deeply  in  the  brain  substance  due  to  disease  of  the  arteries  in  con- 
nection with  the  gumma  (see  below).  In  other  cases  the  gumma  is 
seated  chiefly  in  the  brain  substance,  but  it  is  superficial,  and  the 
soft  membranes  are  involved  in  the  process.  On  the  other  hand, 
the  Dura  mater  may  be 
the  primary  seat  of  the 
tumour,  and  here  we  have 
tumours  of  considerable 
size  (see  Fig.  347),  as 
large  as  a  pigeon's  or  even 
a  hen's  egg.  The  dura 
mater  is  thickened  and 
adherent  to  the  soft  mem- 
branes, and  the  tumour  is 
usually  to  a  large  extent 
caseous.  These  tumours 
have  a  special  tendency  to 
form  in  the  duplicatures 
of  the  dura  mater,  such  as 
the  falx  cerebri.  The  pro- 
jecting tumours  impinge 
on  the  brain  substance  like 

those     of    the     Soft    mem-     causing  atrophy  of  the  convolutions.    (From  case  in 

Western  Infirmary  Museum.) 

branes,    but    they  also, 

when  seated  over  the  surface,  project  against  the  bone,  producing 
erosion  which  may  be  considerable  (dry  caries). 

The  gumma  may  occur  at  any  part  of  the  convexity  of  the  brain, 
and  is  also  frequent  at  the  base,  affecting  especially  the  optic  chiasma, 
pons,  and  crura.    By  the  latter  it  may  extend  to  the  optic  thalamus, 


Fig-.  347. — Gummata  of  dura  mater  impinging  on  and 
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but  otherwise  scarcely  attacks  the  basal  ganglia.  It  not  infrequently 
involves  the  cerebral  nerves  as  they  issue  from  the  brain,  especially 
the  optic,  and  those  emerging  from  the  peduncles  and  pons  (third, 
fourth,  and  fifth). 

It  has  been  already  stated  that  inflammation  and  thickening  of  the 
membranes  occur  around  the  gummata,  but  sometimes  a  condition 
exists  which  may  be  designated  a  Gummatous  meningitis.  The 
gummatous  tissue  is  formed  more  diffusely  in  the  form  of  a  grey 
gelatinous  layer,  covering  a  considerable  surface  at  the  base  or  on 
the  convexity.  In  the  former  case  there  may  be  some  resemblance 
to  tubercular  meningitis.  In  the  latter,  the  whole  membranes  are 
thickened  and  matted  together  by  gummatous  tissue,  and  the  brain 
substance  beneath  is  softened.  If,  under  treatment  or  otherwise,  the 
proper  gummatous  tissue  disappears,  then  the  thickened  membranes 
may  present  the  appearance  of  an  old  simple  inflammation. 

Syphilitic  disease  of  the  blood-vessels,  although  not  confined  to 
those  of  the  brain,  is  most  frequent  and  most  characteristic  in  them 
(see  p.  220).  The  lesion  is,  in  many  cases,  simply  a  part  of  the 
phenomena  in  connection  with  a  gumma  and  presents  itself  in  a 
number  of  small  arteries,  as  an  endarteritis  obliterans  (see  Fig.  346, 
b,  b).  But  it  also  occurs  as  an  isolated  affection  of  the  larger  cere- 
bral vessels,  chiefly  those  which  contribute  to  the  circle  of  Willis. 
The  appearances  are  like  those  of  atheroma,  but  the  affection  is  more 
localized,  occurring  mostly  in  a  few  patches  and  not,  as  in  atheroma,, 
extending  to  a  large  number  of  branches.  The  patches  are  greyish 
white  and  opaque,  and  the  wall  is  firm,  so  that  the  vessel  preserves 
its  cylindrical  shape.  The  new-formation  has  a  dense  character,  and 
as  it  consists  of  thickened  internal  coat,  the  calibre  is  diminished  or 
even  obliterated,  especially  if  thrombosis  ensue. 

The  lesion  is  a  gummatous  new-formation  in  the  wall  of  the  artery. 
It  has  its  seat,  according  to  Heubner,  especially  between  the  elastic 
lamina  and  the  endothelial  layer.  The  new-formation  consists  of 
granulation  tissue  and  rudimentary  connective  tissue  in  the  form  of 
spindle  and  stellate  cells.  The  lesion  is  apt  to  extend  some  distance 
along  vessels,  sometimes  involving  communicating  branches. 

An  important  result  of  this  affection  of  the  arteries"  is  local  Soften- 
ing of  the  brain.  This  may  occur  either  in  relation  to  a  proper 
gumma,  or  independently,  from  the  affection  of  an  artery  alone.  It 
is  due  to  the  narrowing  of  the  calibre  and  occlusion,  and  has  the 
same  nature  as  softening  from  embolism,  etc.  The  softening  may  be 
seated  at  some  distance  from  the  gumma  or  arterial  lesion,  especially 
where  a  long  artery  is  distributed  without  intervening  branches. 
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According  to  Heubner  the  lesion  affects  most  frequently  the  carotid 
and  its  branches,  especially  the  middle  cerebral,  so  that  we  may  have 
softenings  in  the  basal  ganglia  as  in  embolism. 

The  Functional  effect  of  these  various  lesions  depends  largely  on 
their  Localization.  The  gummata  and  resulting  inflammations  of  the 
convexity,  occurring  as  they  do  on  the  surface,  will,  at  first,  irritate 
the  surface  of  the  convolutions.  If  a  motor  part  be  affected  then 
there  will  be  muscular  spasm,  often  progressive  and  ending  perhaps 
in  general  convulsions  of  a  quasi-epileptic  character.  Any  sort  of  local 
spasm  may  be  produced  according  to  the  particular  part  irritated.  If 
the  lesion  be  over  a  sensory  part  there  will  be  subjective  sensory 
impressions.  We  have  already  seen  that  the  brain  substance  com- 
monly gets  involved  in  the  gumma,  and  that  outside  it  there  is  also 
softening  of  the  brain.  This  destruction  of  brain  substance  involves 
loss  of  function,  namely,  motor  paralysis  or  loss  of  sensation  ;  but  there 
will  still  be  irritation  of  the  marginal  parts,  and  though  paralyses  and 
ansesthesise  may  develop,  the  signs  of  irritation  generally  remain  pro- 
minent. At  the  base  the  gumma  is  very  apt  to  involve  motor  tracts. 
The  motor  fibres  of  the  pons  and  peduncles  are  anterior,  and  are 
therefore  more  exposed  to  the  inroads  of  the  tumour.  But  these 
paralyses  are  apt  to  be  complicated  by  the  lesion  extending  to  the 
cerebral  nerves  which  issue  here,  mainly  the  optic,  third,  fourth,  and 
fifth,  and  so  we  have  very  complex  conditions  brought  about,  such 
as  crossed  paralysis,  etc.  Again,  the  syphilitic  disease  of  the  arteries 
occurs  most  frequently  in  the  carotid  and  middle  cerebral,  and  the 
resulting  softening  is  usually  most  manifest  in  the  region  of  the  corpus 
striatum  and  motor  convolutions.  In  this  way  a  hemiplegia  may  be 
produced  which  imitates  that  from  embolism.  It  will  be  seen  that  a 
great  variety  of  symptoms  may  be  produced  from  syphilitic  lesions 
of  the  brain  and  its  membranes. 

Literature. — Heubner,  Die  luetische  Erkrankung  der  Hirnarterien,  1874 ;  Green- 
field, Gowers,  Hutchinson,  Goodhart,  and  others  in  Path,  trans.,  xxviii.,  1877, 
pp.  249-360;  Greenfield,  Path,  trans.,  xxix.,  1878. 

VIII.— TUMOURS  AND  PARASITES  OF  THE  BRAIN. 

General  effects  on  the  brain. — Tumours  are  of  frequent  occurrence 
in  the  brain,  and  produce  secondary  consequences  of  great  importance, 
i  These  secondary  results  are  mostly  related  to  the  fact  that  the  brain 
is  enclosed  in  a  rigid  case,  and  that  either  by  their  own  bulk  or 
otherwise  the  tumours  are  liable  to  increase  the  contents  of  the  cranial 
cavity.    Hence  there  is  pressure  exercised  on  the  brain.    In  addition 
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to  this  there  are  various  destructive  effects  produced.  The  secondary 
effects  are,  from  a  practical  point  of  view,  the  most  important  con- 
sequences of  the  presence  of  tumours,  and  as  these  effects  are,  on  the 
whole,  similar  whatever  the  nature  of  the  tumour  and  whether  it  be 
primary  or  secondary,  intra-cranial  tumours  form  a  consistent  group 
of  lesions.  In  this  view  tubercular  and  syphilitic  tumours  are  in  a 
similar  position  to  other  forms. 

Pressure  effects  are  of  great  importance.  Any  tumour  in  its  growth 
will  press  on  the  parts  in  its  immediate  neighbourhood,  and  the  usual 
result  is  Softening  of  the  brain  substance  around,  the  proper  tissue- 
elements  being  destroyed.  When  the  growth  is  slow  there  may  be 
little  pressure,  and  the  nerve  structures  may  partly  persist  around  the 
tumour  or  even  be  contained  in  its  peripheral  parts,  if  the  growth  is 
an  infiltrating  one  like  a  glioma.  Pressure  is  also  exerted  at  a 
distance.  The  tumour  itself  by  its  bulk  added  to  that  of  the  cranial 
contents  increases  the  intra-cranial  pressure.  The  action  of  the  pres- 
sure will  depend  somewhat  on  locality.  The  dense  membranous  septa, 
the  falx  and  the  tentorium,  but  especially  the  latter,  limit  its  action. 
A  tumour  of  the  cerebellum,  being  confined  by  the  tentorium,  will  often 
cause  compression  of  the  parts  beneath  the  latter,  and  the  pons  is  not 
infrequently  damaged  by  such  tumours  (Growers).  Again,  tumours 
often  lead  to  Hydrocephalus,  or  accumulation  of  fluid  in  the  ventricles, 
and  this  raises  the  general  intra-cranial  pressure.  This  occurs  chiefly 
when  they  press  on  the  transverse  fissure  so  as  to  obstruct  veins  or 
lymphatics  there  (see  further  on  under  Hydrocephalus).  There  may 
be  considerable  thinning  of  the  bones  from  pressure  either  with  or 
without  hydrocephalus,  and  sometimes  even  a  gap  in  the  bones.  In 
children  the  sutures  may  be  widened  by  the  intra-cranial  pressure. 
The  relation  of  increased  pressure  to  affections  of  the  optic  nerve  is 
referred  to  in  the  section  on  Diseases  of  the  Eye. 

Inflammation  is  a  common  result  around  a  tumour.  The  irritation 
of  the  tumour  frequently  leads  to  prominent  symptoms  during  life, 
and  its  presence  causes  structural  changes.  The  brain  substance  in 
some  cases  shows  sclerosis,  although  softening  is  more  frequent.  The 
membranes  on  the  other  hand  are  usually  thickened  by  chronic  in- 
flammation, over  the  seat  of  the  tumour  and  even  at  a  distance.  In 
syphilis  the  inflammation  of  the  membranes  is  very  great,  and  in 
tuberculosis  there  is  sometimes  an  associated  tubercular  meningitis. 

Glioma. — This  form  of  tumour  is  peculiar  to  the  nervous  system 
and  is  of  frequent  occurrence  there.  As  its  tissue  somewhat 
resembles  brain  substance  in  consistence,  and  as  the  tumour  is  an 
infiltrating  one,  its  boundaries  are  frequently  very  indefinite  and  it 


TUMOURS  OF  THE  BRAIN. 


675 


may  even  appear  as  a  simple  local  enlargement  of  the  brain.  Some 
cases  described  as  instances  of  local  hypertrophy  are  of  this  kind. 

On  section  the  tumour  generally  shows  some  difference  in  colour 
from  the  brain  substance  into  which  it  merges  at  its  boundaries.  It 
is  generally  redder  than  the  white  substance,  and  sometimes  deeply 
red  from  excessive  development  of  vessels.  There  is  not  infre- 
quently haemorrhage  in  the  substance  of  the  tumour,  and  this  may 
be  so  considerable  that  the  whole  softened  mass  has  the  appearance 
of  an  extravasation  of  blood,  and  may  be  mistaken  for  this. 

In  its  structure  the  glioma  consists  of  cells  usually  round  and  of 
small  size.  These  are  enclosed  in  a  granular,  homogeneous,  or  finely 
fibrillated  intercellular  substance  (see  Fig.  348),  which  is  usually 


very  soft  and  delicate. 
Sometimes  the  inter- 
cellular substance  has 
a  distinctly  fibrous 
character,  and  the  turn-  ^'/fev! 
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our  is  then  very  .firm. 
Sometimes  the  inter- 
cellular substance  has 
a  mucous  character 
which  case  the  tumour 
may  be  designated 
Myxo-glioma.  On  the 
other  hand  the  tissue 
may  become  very  cell-  <^9'^;< ' 

ular    and    the   tumour  Fig.  348.—  Glioma  of  brain. 

assume  the  characters  of  the  sarcoma. 

The  glioma  usually  grows  slowly.  When  it  reaches  the  surface 
there  are  sometimes  defined  growths  formed,  which  may  be  pedun- 
culated. There  may  be  small  separate  growths  formed  on  the  surface 
(Growers). 

Ziegler  describes  under  the  name  Neuro-glioma  tumours  composed  not  only  of 
neuroglia,  but  also  of  ganglion  cells  and  nerve  fibres.  Such  tumours  are  due  to 
errors  of  development,  and  are  congenital.  They  are  better  regarded  as  cases  of 
Heterotopia  of  the  brain  substance  (see  under  Malformations  of  the  brain). 


The  Psammoma  is  not  a  frequent  tumour  of  the  brain  substance, 
being  much  more  common  in  the  choroid  plexus  and  dura  mater. 
But  it  does  occur  in  the  substance  of  the  brain,  as  in  the  case 
from  which  Fig.  114,  p.  275,  is  taken.  Here  a  hard  calcareous 
tunfour,  which  was  with  difficulty  incised,  measured  f  by  \  of  an 
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inch,  and  to  that  extent  completely  replaced  the  brain  substance. 
It  was  seated  at  the  surface  of  the  convolutions.  As  shown  in  the 
figure  it  was  composed  of  the  characteristic  sand  granules  held 
together  by  a  very  small  quantity  of  connective  tissue.  These  bodies 
also  occur  in  other  tumours,  chiefly  sarcomas. 

Sarcoma. — The  sarcoma  of  the  brain  substance  is  a  circumscribed 
tumour,  in  this  respect  contrasting  with  the  glioma  (see  Fig.  349). 


^^^r       <^gp>"  eluding  tubercular  masses,  are 

Fig.  349.— Spindle-celled  sarcoma  of  brain.    It  Sarcomas. 


Cylindroma  is  of  occasional  occurrence  (see  p.  290). 

Of  the  other  tumours,  Osteomas  are  occasionally  seen.  Lipomas 
are  very  rare.    Angioma  is  also  rare. 

Cancer. — Primary  cancer  occurs  in  the  substance  of  the  brain,  but 
is  perhaps  usually  connected  with  one  of  the  ventricles,  from  which 
it  probably  derives  its  epithelial  elements.  In  the  case  figured  (see 
Fig.  350)  the  tumour  had  its  seat  chiefly  in  the  fourth  ventricle  and 
aqueduct  of  Sylvius,  bulging  into  these.  The  tumour  consisted  of 
a  vascular  stroma  and  cylindrical  cells  which  impinged  on  the  brain 
substance. 

The  Cholesteatoma  or  Pearl  tumour  is  a  rare  form  of  tumour 
which  occurs  chiefly  in  the  membranes,  but  is  also  met  with  in  the 
substance  of  the  brain.  It  consists  of  a  cyst  containing  epidermic 
cells  which  have  a  glancing  character  and  are  arranged  in  rounded 
masses.    The  tumour  has  a  soapy  appearance.    It  probably  originates 


It  occurs  in  the  midst  of  the 
brain  substance,  and  usually  in 
a  more  or  less  rounded  form, 
being  free  to  expand  in  all 
directions  on  account  of  the 
softness  of  the  tissue  around. 
The  round  celled  sarcoma  is  the 
commonest  form,  but  spindle- 
celled  tumours  and  those  with 
variously  shaped  cells  are  not 
infrequent.  The  sarcomas  vary 
in  consistence,  the  softer  ones 
being  usually  round-celled.  They 
may  soften  in  the  central  parts 
and  form  cysts.  Most  demar- 
cated tumours  of  the  brain,  ex- 


forms  a  denned  tumour.  The  affected  hemisphere 
is  considerably  enlarged  by  its  presence. 


Myxoma  is  not  a  frequent 
tumour    of    the    brain.  The 
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from  the  epithelium  of  the  spinal  canal  or  ventricles,  and  is  there- 


Fig.  350. —Primary  cancer  of  the  brain,  a,  Tumour;  b,  corpora  quadrigemina 
stretched  over  it.  The  aqueduct  of  Sylvius  is  visible  between  tumour  and  corpora 
quadrigemina  ;  the  tumour  bulges  into  fourth  ventricle.  c,  Thalamus  opticus  ; 
d,  third  ventricle. 


fore  an  epithelioma.  Ziegler  mentions  that  small  hairs  may  be 
present  in  the  tumour. 


{.  351.  —Secondary  cancer  in  brain.    Cysts  developed. 

Secondary  cancer  is  not  common  in  the  brain,  but  it  may  form 
single  or  multiple  tumours.     In  a  case  recorded  by  the  author  in 
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which  the  primary  tumour  was  presumably  in  the  lung,  the  secondary 
tumours  occurred  chiefly  in  the  form  of  Cysts,  of  which  there  were 
twenty-four  discovered  in  the  brain  (see  Fig.  351).  In  one  of  the 
tumours  which  was  not  yet  entirely  cystic  the  cancerous  structure 
was  apparent  (see  Fig.  352). 

Parasites. — The  Cysticercus  celluloses,  which  is  the  scolex  form 
of  the  taenia  solium,  has  occasionally  its  seat  in  the  brain,  mostly  in 
the  cortical  portions,  but  it  may  be  in  any  situation.  It  forms  a  small 
round  structure  enclosed  in  a  connective  tissue  capsule.  Inside  this 
the  proper  stratified  membrane  of  the  parasite,  as  well  as  the  head  (see 
Fig.  185,  p.  379)  and  other  structures,  are  to  be  found.  Sometimes 
the  parasite  is  dead  and  calcified.  As  a  rule  it  produces  little  dis- 
turbance, and  is  often  found  by  accident  after  death.  If  situated  in 
the  peduncular  portions  it  may  produce  serious  symptoms,  but  even 
here  its  slow  growth  and  small  size  generally  allow  of  accommoda- 
tion. Sometimes  several  cysticerci,  as  many  as  10  to  20,  have 
been  found. 

The  Echinococcus  more  rarely  develops  in  the  brain,  forming  its 
usual  cysts,  which  are  generally  in  the  substance  of  the  cerebral 
hemispheres.  They  also  occur  in  other  parts  of  the  brain,  and 
between  the  dura  mater  and  the  bone. 

Literature. — Gowers,  1.  c,  ii.;  Hale  White,  Guy's  Hosp.  Kep.,  xliii.,  1886; 
ViRCHOw,  (Glioma)  Geschwiilste.  ii.,  123 ;  Various  authors  and  tabulation  of  54 
tumours,  Path,  trans.,  1886,  xxxvii.,  p.  6-89;  Coats,  (Cancer)  Path,  trans.,  1888, 
xxxix.,  p.  5,  (Multiple  cysts)  do.,  p.  326;  Eppingee,  (Cholesteatoma)  Prag. 
Vierteljahrschr.,  1875;  Eokitansky,  (do.)  Handbuch,  ii.;  Mullee,  Virch.  Arch.  viii. 
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SECTION  III— Continued. 

D. — THE  MEMBRANES  AND  CAVITIES  OF  THE  BRAIN 
AND  SPINAL  CORD. 

Introduction.  I.  Accumulation  of  cerebro- spinal  fluid.  1.  (Edema  of  membranes. 
2.  Hydrocephalus,  acquired  and  congenital.  3.  Dropsies  of  central  canal 
and  meninges  of  cord.  (a)  Hydrorhachis  interna,  hydromyelia,  syringo- 
myelia, (b)  Spina  bifida,  in  various  forms  ;  the  tumour  of  spina  bifida  ; 
condition  of  the  cord  ;  spina  bifida  occulta.     II.  Meningeal  haemorrhage. 

1.  Hematoma  of  dura  mater  ;  2.  Haemorrhages  in  soft  membranes,  especially 
the  infantile  form.    III.  Inflammations.    Meningitis.    1.  Pachymeningitis  ; 

2.  Leptomeningitis,  including  (a)  simple,  acute,  and  chronic,  (b)  epidemic 
cerebro-spinal,  and  (c)  tubercular  meningitis.  IV.  Tumours  of  the  meninges. 
V.  Affections  of  the  Pineal  and  Pituitary  bodies. 

INTKODUCTION. — The  Dura  mater  is  a  dense  connective-tissue  membrane 
which  has  much  more  intimate  connections  with  the  bones  than  with  the 
brain  and  spinal  cord,  forming,  in  fact,  a  periosteum  to  the  bone.  On  its  internal 
surface  there  is  no  separate  arachnoid  membrane,  but  the  dura  mater  is  less 
vascular  here  than  in  its  external  layers.  The  space  between  the  dura  mater 
and  the  surface  of  the  brain  is  sometimes  described  as  a  serous  cavity  analogous 
to  the  pleura  or  peritoneum,  but  in  its  pathological  relations,  at  least,  it  is 
very  different,  and  it  is  better  designated  as  the  Subdural  space.  The  internal 
surface  of  the  dura  mater  and  the  external  surface  of  the  arachnoid  are  defective 
in  vessels,  and  are  hence  little  liable  to  inflammations.  This  cavity  forms,  in 
fact,  a  kind  of  barrier  to  the  propagation  of  inflammations  either  from  without 
or  within.  Hence  inflammations  of  the  external  surface  of  the  dura  mater  seldom 
extend  to  its  internal  surface,  and  it  is  very  rare  to  meet  with  an  inflammation 
affecting  the  whole  subdural  space.  On  the  other  hand,  the  arachnoid  and  pia 
mater  really  form  one  membrane,  which  is  partly  in  two  layers.  The  deep  layer 
or  pia  is  closely  connected  with  the  surface  of  the  brain  or  spinal  cord,  following 
the  various  irregularities  of  the  surface.  This  deep  layer  is  connected  with  the 
superficial  one,  the  arachnoid,  more  or  less  intimately.  In  the  sulci  between 
the  convolutions  there  is  loose  connective  tissue  with  many  interstices,  constituting 
the  Subarachnoid  space.  But  on  the  summits  of  the  convolutions  the  two  mem- 
branes are  intimately  united.  The  free  surface  of  the  arachnoid  is,  like  that  of  the 
dura  mater,  defective  in  vessels,  and  inflammations  of  the  deeper  layer  scarcely 
ever  extend  to  this  surface.  We  have  thus  to  distinguish  the  dura  mater  con- 
nected with  the  bone,  the  subdural  space,  the  pia-arachnoid  forming  the  proper 
meninges  of  the  brain,  and  the  subarachnoid  space. 
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The  Cerebro- spinal  fluid  is  contained  partly  in  the  ventricles  of  the  brain  and 
central  canal  of  the  spinal  cord  on  the  one  hand,  and  partly  in  the  Subarachnoid 
space  on  the  other.  The  subarachnoid  space  at  the  base  of  the  brain  and  over 
the  spinal  cord  is  specially  considerable.  The  brain  and  cord  may  be  said  to 
be  submerged  in  the  fluid  contained  in  these  spaces,  and  the  brain,  more 
particularly,  lies  on  a  kind  of  "  water-bed  "  formed  by  the  more  voluminous  spaces 
at  the  base  filled  with  the  fluid.  The  amount  of  cerebro-spinal  fluid  as  a  whole  is 
liable  to  alterations  according  as  the  volume  of  the  brain  and  the  fulness  of  the 
blood-vessels  vary.  The  distribution  of  the  fluid  also  varies  between  the  different 
parts  of  the  system,  more  particularly  between  the  ventricles  and  the  subarachnoid 
space.  Between  these  two  there  are  important  communications.  The  pia  mater 
is  prolonged  into  the  lateral  ventricles  through  the  transverse  fissure,  as  the  velum 
interpositum  and  choroid  plexus,  thus  forming  a  somewhat  free  communication. 
There  is  also  an  open  communication  between  the  lower  part  of  the  fourth 
ventricle  and  the  subarachnoid  space,  by  the  Foramen  of  Majendie.  The  sub- 
arachnoid space  and  the  ventricles  of  the  brain  with  the  central  canal  of  the 
spinal  cord  thus  form  a  continuous  system  of  lymph  spaces,  and  the  cerebro- 
spinal fluid  circulates  in  them.  In  addition  to  this,  the  subarachnoid  space 
communicates  with  lymph  spaces  around  the  vessels  and  ganglion  cells,  the 
Perivascular  and  Periganglionic  spaces.  It  is  important  to  observe  that  the  sub- 
arachnoid space  does  not  communicate  with  the  subdural  space. 

I. — ACCUMULATION  OF  THE  CEREBRO-SPINAL  FLUID  IN 
THE  MEMBRANES  AND  CAVITIES. 

It  has  been  already  pointed  out  that  the  subarachnoid  space,  with 
the  ventricles  and  central  canal  of  the  spinal  cord,  forms  a  single 
system  of  lymph  spaces  which  intercommunicate.  The  lymph  or 
cerebro-spinal  fluid  in  these  spaces  may  accumulate,  and  so  lead  to 
various  forms  of  oedema  and  dropsy  of  the  brain.  In  this  connection 
it  is  to  be  remembered  that  the  skull  is  a  closed  cavity,  and  any 
increase  in  the  fluid  in  these  spaces  implies  a  decrease  in  the  quantity 
of  blood  in  the  vessels  or  of  the  brain  substance  itself. 

1.  (Edema  of  the  membranes. — There  may  be  General  oedema  of  the 
membranes  and  spaces,  perhaps  including  the  perivascular  spaces  in  the 
brain  substance.  This  sometimes  takes  place  in  Bright's  disease,  and 
may  occur  along  with  an  oedema  of  other  parts,  or  develop  in  a 
more  isolated  manner.  The  pressure  of  the  fluid  in  this  case  was 
supposed  by  Traube  to  be  the  cause  of  the  symptoms  usually  called 
ursemie,  and  in  some  cases  it  may  contribute  to  the  nervous  disturb- 
ances of  that  condition,  although  not  the  chief  cause. 

Then  there  is  an  (Edema  ex  vacuo.  When  the  brain  shrinks,  as  we 
have  seen  in  General  paralysis,  or  in  Senile  atrophy,  there  is  a  serious 
loss  of  substance.  The  loss  of  substance  thus  produced  may  be  com- 
pensated by  thickening  of  the  cranium  or  by  augmentation  of  the 
cerebro-spinal  fluid.    Thickening  of  the  cranium  takes  place  only  to 
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a  limited  extent,  and  the  space  is  chiefly  filled  up  by  fluid.  The 
ventricles  dilate  (hydrocephalus),  and  the  subarachnoid  space  is 
highly  cedematous.  It  is  to  be  particularly  observed  that  there  is 
seldom  any  excess  of  fluid  in  the  subdural  space,  but  that  the  soft 
membranes,  especially  between  the  atrophied  convolutions,  are  highly 
cedematous. 

2.  Hydrocephalus. — This  term  expresses  a  massive  accumulation  of 
fluid  inside  the  skull.  The  fluid  is,  in  the  great  majority  of  cases,  in 
the  ventricles,  more  especially  the  lateral  ventricles,  but  in  certain 
congenital  cases  it  is  in  the  subdural  space.  Hence  the  terms  Internal 
and  External  hydrocephalus.  The  latter  condition  scarcely  occurs 
unless  there  be  a  congenital  defect  in  the  formation  of  the  brain, 
such  as  perforation  or  absence  of  the  corpus  callosum,  so  that  the 
ventricles  communicate  with  the  subdural  space. 

External  hydrocephalus  is  sometimes  used  as  equivalent  to  oedema  of  the 
membranes,  but  this  is  an  incorrect  use  of  the  term,  which  really  expresses  a 
considerable  collection  in  a  cavity. 

(a)  Acquired  hydrocephalus. — Apart  from  the  form  ex  vacuo  already 
considered  in  the  preceding  page,  hydrocephalus  as  met  with  in  the 
adult  is  mostly  related  to  a  definite  disturbance  of  the  circulation  in 
the  brain.  The  walls  of  the  ventricles  do  not  probably  have  much 
to  do  with  the  supply  of  the  cerebro-spinal  fluid  to  the  ventricles. 
The  choroid  plexus  which  consists  of  a  convolution  of  arteries,  capil- 
laries, veins,  and  lymphatics,  is  the  chief  agent  in  this  function.  It 
is  important  to  note  that  the  arteries  reach  the  plexus  by  a  totally 
different  route  from  that  by  which  the  veins  and  lymphatics  emerge. 
The  arteries  are  branches  of  the  middle  cerebral  and  reach  the  plexus 
near  its  anterior  extremity  in  the  descending  cornu  of  the  ventricle. 
On  the  other  hand  the  veins  of  the  plexus  pass  backwards  and  emerge 
from  the  brain  through  the  great  transverse  fissure.  The  veins  gather 
themselves  together  into  the  Veins  of  G-alen,  one  of  which  is  connected 
with  each  lateral  ventricle.  The  two  veins  of  Galen  running  side  by 
side  pass  backwards  between  the  corpus  callosum  and  the  corpora 
quadrigemina  to  open  into  the  straight  sinus.  It  will  be  observed 
that  from  their  different  anatomical  relations  the  arteries  and  veins 
are  not  liable  to  be  obstructed  simultaneously,  and  that  if  the  arteries 
remain  dilated  whilst  the  veins  are  obstructed  the  resulting  passive 
hyperemia  may  be  aggravated. 

Obstruction  to  the  veins  of  the  choroid  plexus  or  of  the  veins  of 
Galen  so  as  to  produce  passive  hyperemia  seems  the  principal  mode 
of  occurrence  of  acquired  hydrocephalus.     Rapid  accumulation  is 
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brought  about  mainly  by  pressure  from  without,  and  chiefly  by 
pressure  on  the  veins  of  Galen.  This  is  liable  to  be  the  case  in 
tumours  of  the  cerebellum  (as  in  Fig.  353).    The  cerebellum  being 


Fig.  353. — Great  dilatation  of  the  lateral  ventricles  (which  have  been  laid  open) 
from  tumour  of  the  cerebellum.    (From  a  coloured  picture  by  Dr.  A.  Macphail.) 

placed  in  a  space  limited  by  the  tentorium  lying  above  it,  any  increase 
in  bulk  exercises  considerable  pressure  inside  this  limited  space.  But 
the  veins  of  G-alen  pass  into  the  tentorium  so  as  to  end  in  the  straight 
sinus,  and  thus  are  liable  to  pressure.  Tumours  of  the  choroid  plexus, 
especially  at  its  posterior  part,  may  similarly  obstruct  the  veins  and 
induce  hydrocephalus.  Thrombosis  of  the  veins  of  Galen  is  another 
cause  of  hydrocephalus,  but  an  unusual  one.  In  most  cases  the 
thrombus  originates  in  the  sinuses,  and  grows  into  the  veins  of  Galen 
but  Newman  has  recorded  a  case  in  which  these  veins  alone  seemed 
to  be  the  seat  of  thrombosis. 

In  Tubercular  meningitis  hydrocephalus  is  nearly  constant,  but  it 
is  rather  difficult  of  explanation.  This  disease  is  characterized  by  an 
inflammatory  exudation  at  the  base  of  the  brain,  and  it  might  be 
supposed  that  the  fluid  accumulated  in  the  ventricles  would  be 
inflammatory.    But,  although  tubercles  are  sometimes  found  on  the 
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choroid  plexus,  yet  the  exudation  in  the  ventricles  is  rarely  inflam- 
matory in  character.  It  consists  of  a  clear  pellucid  fluid  with  little 
albumen,  and  of  a  low  specific  gravity  (about  1010),  presenting  thus 
the  characters  rather  of  a  transudation  than  an  inflammatory 
exudation.  The  explanation  is  probably  to  be  found  in  part  in  the 
exudation  outside  the  ventricles.  This  is  generally  abundant  where 
the  velum  interpositum  emerges  from  the  ventricles  in  front  of  the 
cerebellum,  and  here,  besides  filling  up  the  lymph  spaces,  it  is  liable 
to  cause  pressure  on  the  veins  of  Galen  as  they  pass  through  the 
comparatively  narrow  isthmus.  This  is  the  more  likely  to  produce 
hyperemia  and  exudation  from  the  fact  already  mentioned,  that  the 
arteries  reach  the  plexus  by  a  different  route,  and  are  not  so  liable  to 
pressure. 

(b)  Chronic  hydrocephalus.  Congenital  hydrocephalus. — It  has  been 
pointed  out  in  a  previous  section  that  various  malformations  affecting 
brain  and  cranium  are  due  to  dropsy  of  the  cerebro -spinal  canal  during 
early  foetal  life.  A  similar  dropsy  may  occur  at  later  periods  of  intra- 
uterine life,  or  even  after  birth.  The  condition  may  be  designated 
chronic  hydrocephalus,  which,  it  will  be  understood,  is  often  congenital, 
and  may  by  the  enlargement  of  the  head  produce  serious  difficulty  in 
delivery.  No  proper  explanation  of  the  dropsy  has  been  offered.  It 
is  said  that  chronic  hydrocephalus  often  goes  along  with  rickets,  and 
it  has  been  suggested  that  as  a  rickety  skull  is  more  yielding  than 
a  normal  one,  too  little  pressure  is  exercised  on  the  brain,  and  the 
accumulation  of  fluid  is  allowed.  This  is  not,  however,  a  sufficient 
explanation,  especially  of  the  severe  congenital  cases.  The  probability 
is  that  the  disease  depends  on  a  congenital  defect  in  the  apparatus  for 
the  secretion  and  absorption  of  the  cerebro-spinal  fluid. 

The  dropsy  may  be  general,  affecting  all  the  ventricles,  but  the 
fourth  is  often  but  little  dilated,  the  fluid  being  mainly  in  the  lateral 
and  third  ventricles.  Sometimes  the  lateral  ventricles  are  alone  dis- 
tended, the  foramen  of  Monro  being  closed.  Sometimes  the  ventricle 
of  the  septum  lucidum  is  obviously  distended  as  it  lies  between  the 
two  lateral  ventricles.  As  the  accumulation  increases  the  convolutions 
are  flattened  out  and  they  may  be  completely  unfolded,  the  brain 
forming  a  smooth  globe  over  the  greatly  distended  ventricles.  The 
distension  may  be  so  great  as  to  cause  thinning  of  the  covering  brain 
substance  to  an  extraordinary  degree,  leaving  little  between  the  pia 
mater  and  the  fluid.  The  surface  of  the  ventricles  (ependyma)  is 
usually  somewhat  thickened,  giving  a  kind  of  leathery  membranous 
lining  to  the  cavity,  sometimes  with  granular  elevations,  especially 
on  the  surface  of  the  corpus  striatum  and  fourth  ventricle.  There 
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may  even  be  rounded  prominences  consisting  of  grey  brain  substance 
(Virchow).  The  fluid  is  clear  and  pellucid,  and  has  a  low  specific 
gravity  (1001  to  1009). 

With  this  great  dilatation  of  the  ventricles  the  head  is  greatly 
enlarged,  and  as  the  bones  are  more  yielding  in  some  parts  than  others, 
an  alteration  in  shape  occurs.  The  fontanelles  and  sutures  are 
widened  and  their  closure  greatly  delayed.  The  frontal  bone  is 
pushed  forward  so  that  the  forehead  rises  perpendicularly  or  overhangs 
the  eyebrows ;  the  parietals  bulge  laterally,  and  the  occipital  bones  are 
pushed  backwards.  The  head  in  this  way  becomes  greatly  increased  in 
circumference,  while  it  is  usually  much  flattened  at  the  vertex.  The 
bones  of  the  face,  even  though  they  are  of  normal  size,  look  dwarfed 
beside  the  enlarged  cranium,  and  the  face  has  a  pinched  look.  The 
eyeballs  are  rendered  prominent  by  the  pressure  on  the  roof  of  the 
orbit,  and  enlarged  veins  are  generally  seen  beneath  the  thin  skin  of 
the  head. 

Although  there  is  this  great  thinning  of  the  brain  substance,  it  is 
remarkable  how  the  functions  may  be  retained.  A  child  in  this  condi- 
tion may  remain  very  intelligent,  and  when  recovery  occurs  may  pass 
through  life  with  no  permanent  defect  in  the  functions  of  the  brain. 
The  yielding  of  the  skull  seems  to  prevent  any  such  excess  of  pressure 
as  to  seriously  damage  the  brain,  which  has  a  remarkable  power  of 
accommodating  itself  to  alterations  in  position  of  its  parts.  If  recovery 
take  place,  the  skull  to  some  extent  collapses,  the  fontanelles  and 
sutures  close,  often  with  the  formation  of  additional  centres  of  ossifica- 
tion, forming  Wormian  bones  in  the  sutures.  But  the  fontanelles  are 
late  in  closing,  and  the  cranium  retains  somewhat  of  the  hydrocephalic 
shape  during  life. 

In  some  very  rare  cases  the  corpus  callosum  and  its  pia-arachnoid 
have  given  way,  the  fluid  coming  thus  to  the  surface  and  filling  the 
cavity  of  the  dura  mater,  thus  forming  a  Hydrocephalus  externus. 
In  that  case  the  hemispheres  are  folded  aside,  and  the  central  parts 
of  the  brain  are  exposed,  the  brain  being  as  a  whole  pressed  down 
towards  the  base.  But  this  scarcely  occurs  except  in  congenital  cases, 
and  is  not  consistent  with  the  prolongation  of  life. 

A  Partial  dropsy  of  the  ventricles  is  of  occasional  occurrence, 
either  as  a  congenital  or  acquired  condition.  One  lateral  ventricle 
may  be  distended,  or  even  one  horn.  There  may  also  be  a  dropsy 
of  the  third  ventricle  alone,  or  of  the  ventricle  of  the  septum 
lucidum.  These  partial  dropsies  will  cause  displacements  according 
to  their  situation. 
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3.  Hydrorhachis  interna,  Hydromyelia,  Syringomyelia,  Cysts  of 
the  cord. — The  affections  to  be  here  considered  are  almost  all  con- 
genital, at  least  in  their  origin.  They  are  related  to  the  central 
canal  of  the  cord  and  its  origin. 

The  central  canal  of  the  cord  presents  normally  considerable  variations.  In 
its  typical  form  it  is  a  narrow  canal  lined  with  cylindrical  epithelium.  The 
tissue  immediately  around  it  is  much  more  cellular  than  the  rest  of  the  cord> 
this  being  due  to  the  fact  that  it  consists  almost  alone  of  neuroglia,  without 
nervous  elements,  in  this  respect  comparing  with  the  ependyma  of  the  cerebral 
ventricles.  From  this  typical  condition  the  variations  consist  in  different  con- 
ditions of  the  canal  itself  and  of  the  surrounding  tissue.  The  canal  may  be 
widened  either  generally  or  in  the  transverse  or  median  direction.  On  the 
other  hand  the  canal  may  be  obliterated  and  its  position  only  indicated  by  the 
cellular  area  of  neuroglia.    These  are  all  within  normal  limits. 

The  term  Hydrorhachis  corresponds  with  hydrocephalus,  and 
expresses  a  dropsy  of  the  cord,  either  of  the  central  canal  (H. 
interna)  or  of  the  meninges  (H.  externa).  Dropsy  of  the  central 
canal  is  also  designated  Hydromyelia  and  Syringomyelia.  The 
former  term  is  applied  to  cases  where  the  dilatation  is  obviously 
congenital,  while  the  latter  is  used  where  it  is  met  with  in  the 
adult.  Syringomyelia  is,  however,  probably  always  congenital  in 
its  origin,  so  that  it  may  be  said  that  it  originates  in  a  hydromyelia. 
These  terms  are  applied  to  all  cases  of  cavities  or  cysts  in  the 
cord  filled  with  serous  fluid  whether  they  are  demonstrably  due 
to  dilatation  of  the  central  canal  or  not. 

It  will  be  remembered  that  the  central  canal  is  formed  by  the 
arching  backwards  of  the  medullary  plates  (see  p.  46),  so  that  the 
closure  is  posterior.  The  central  canal  will,  therefore,  at  first  extend 
somewhat  backwards,  and  it  is  by  a  gradual  coalescence  of  the 
posterior  portions  in  the  middle  line  that  the  canal  takes  its  usual 
position.  Dropsy  occurring  in  foetal  life  is  liable  to  cause  a  permanent 
enlargement  backwards  as  shown  in 
Fig.  354.  The  dilatation  may  vary 
greatly  at  different  levels,  so  as  to  lead 
sometimes  to  a  cystic  appearance  in  the 
cord. 

In  some  cases  cavities  exist  in  the 
cord  without  obvious  connection  with 
the  central  canal,  but  as  these  are  always 

in  the  posterior  parts  of  the  cord,  they  ment  of  central  canal  backwards?""0 ~ 
probably  take  origin  in  portions  of  the 

original  canal,  which   in  the  process  of  coalescence  have  become 
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isolated.  These  not  infrequently  extend  into  the  posterior  cornua, 
-and  may  be  double  (Fig.  355)  or  single  (Fig.  356). 


Fig.  355.— Syringomyelia.    Cavi-  Fig.  356.— Syringomyelia.  Cavity 

ties  in  each  posterior  cornu  and  in  in  one  posterior  cornu. 

the  middle  line. 


An  interesting  peculiarity  of  these  various  conditions  is  that  the 
•serous  cavities  produced  are  surrounded,  like  the  normal  central 
•canal,  with  neuroglia,  which  in  some  cases  is  in  considerable  excess. 
The  excess  may  be  so  great  as  to  amount  almost  to  a  tumour 
(glioma).  The  importance  of  this  is  emphasized  by  the  occasional 
co-existence  of  syringomyelia  with  tumour  of  the  cord,  and  even 
with  multiple  tumours  (see  Gowers).  Gliomata  of  the  cord  mostly 
originate  behind  the  central  canal,  even  when  there  is  no  dilatation 
of  the  latter. 

Hydromyelia  and  syringomyelia  do  not  usually  interfere  with  the 
function  of  the  cord,  but  if  the  dilatation  be  excessive,  or  if  there 
is  a  formation  of  tumour,  there  may  be  considerable  damage. 

4.  Spina  bifida. — In  the  section  on  General  Malformations,  this 
condition  has  already  been  considered.  Rhachischisis,  or  spina 
bifida  without  tumour,  has  been  sufficiently  described  (see  p.  51), 
but  the  form  associated  with  tumour  requires  fuller  consideration. 

The  term  spina  bifida  is  by  some  limited  to  the  tumescent  form,  which  is 
therefore  distinguished  from  rhachischisis,  but  this  distinction  cannot  be  fully 
carried  out. 

Spina  bifida  with  tumour. — The  tumour  forms  a  rounded  swelling, 
which  is  usually  situated  in  the  lumbo-sacral  region,  but  may  be  in 
•any  part  of  the  column.  There  is  usually  a  defect  in  the  arches  of 
the  vertebrae,  and  the  swelling  protrudes  posteriorly ;  but  there  are 
a  few  cases  in  which  the  bodies  of  the  vertebrae  are  defective,  and 
the  swelling  protrudes  into  the  thorax,  abdomen,  or  pelvis.  There 
is  sometimes  no  defect,  or  a  very  slight  one,  of  the  arches  of  the 
vertebrae,  the  protrusion  passing  between  two  adjacent  arches. 

The  protrusion  (Fig.  357)  is  covered  with  skin  over  the  greater 
part  of  its  surface,  but  in  the  central  part  there  is  often  an  area  of 


SPINA  BIFIDA. 


687 


membrane  which  contains  none  of  the  special  structures  of  the  skin, 
such  as  hairs  and  sebaceous  glands.  Inside  the  skin  there  are  the 
membranes  of  the  cord  ;  but,  according  to  Recklinghausen,  the  dura 
mater  is  frequently  defective  to  a 
similar  extent  with  the  skin,  so  that 
the  sac  is  formed  of  pia-arachnoid, 
which  is  usually  considerably  thick- 
ened. There  is  generally  a  dimpling 
or  umbilication  at  the  summit  of  the 
tumour  (see  g'  in  figure),  and  this 
sometimes  amounts  to  a  small  canal 
which  may  directly  communicate  with 
the  central  canal  of  the  cord.  The 
umbilication  corresponds  with  an  ad- 
hesion of  the  cord  to  the  sac. 

The  contents  of  the  sac  are  a  pellucid 
fluid  of  a  specific  gravity  of  about 
1007.  It  is  really  the  cerebro-spinal 
fluid,  with  which  the  contents  of  the 
sac  are  continuous.  Indeed,  there  is 
often  associated  with  the  spina  bifida 
a  hydrocephalus. 

Spina  bifida  implies  a  dropsy  of  the 
structures  of  the  cord,  and  different 
names  are  applied  according  to  the 
share  which  the  various  structures 
take  in  the  protrusion,  these  names 
being  constructed  on  similar  principles 
to  those  in  use  for  the  brain  and  its 
membranes.  We  have  (1)  Meningocele, 
or  protrusion  of  the  membranes  only  ; 
(2)  Meningo-myelocele,  or  protrusion  of 
membranes  and  cord  together ;  and  (3)  Syringo-myelocele,  in  which  the 
protrusion  obviously  consists  of  a  dilated  and  closed  central  canal. 
This  form  is  also  called  Myelo-cystocele  (Recklinghausen).  Of  these 
three  forms  the  second  is  much  the  commonest,  although  the  last- 
mentioned  form  is  probably  more  frequent  than  has  been  usually 
supposed  (Cleland). 

The  spinal  cord  in  all  forms  of  spina  bifida  is  prolonged  downwards 
as  far  as  the  seat  of  the  tumour.  As  the  latter  is  usually  in  the 
lumbo-sacral  region,  this  implies  that  the  cord  occupies  the  entire 
length  of  the  canal  as  it  does  in  the  earlier  periods  of  foetal  life. 


Fig.  357. — Section  of  a  spina  bifida  of 
the  lumbar  region,  a,  b,  Cutis  and  sub- 
cutaneous tissue  ;  c,  fascia ;  d,  spinous 
processes  ;  e,  dura  mater,  which  passes 
into  sac  and  becomes  attached  to  the  skin 
at  e'  ;  /,  arachnoid,  which  passes  into  sac 
forming  its  internal  lining  ;  g,  spinal  cord, 
which  also  enters  the  sac  and  becomes  at- 
tached to  the  skin  <f ,  where  it  had  a  small 
opening  ;  the  attachment  forms  a  dimple 
in  the  sac  ;  n,  n,  spinal  nerves  which  pass 
from  the  cord  round  to  the  anterior  aspect 
of  the  sac  so  as  to  reach  their  normal  places 
of  issue  from  the  spinal  canal.  (Vikchow.) 
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As  the  cord  begins  to  retract  within  the  canal  in  the  fourth  month 
the  affection  must  be  earlier  in  its  origin  than  that  period.  It  is 
of  interest  that  even  in  cases  of  meningocele  where  the  membranes 
alone  are  protruded  this  elongation  of  the  cord  occurs. 

With  the  exception  of  elongation,  the  cord  in  a  small  number  of 
cases  is  not  involved.  The  fluid  may  be  entirely  behind  it  as  in 
meningocele,  and  it  may  be  little  altered.  In  that  case  the  nerves 
also  will  be  in  front  of  the  protrusion. 

In  Syringomyelocele  the  central  canal  is  distended  backwards, 
and  although  the  internal  lining  of  the  sac  is  really  the  expanded 
central  canal,  yet  the  sac  is  as  in  meningocele,  behind  the  nerves 
and  the  greater  part  of  the  cord. 

In  the  majority  of  cases,  however,  comprising  the  Meningo-myelo- 
celes,  the  spinal  cord  is  actually  involved  in  the  sac  (see  Fig.  241), 
passing  into  it  and  attached  to  its  wall,  thus  presenting  various  mal- 
formations and  dislocations.  The  nerve-roots  also  which  come  off 
from  the  part  of  the  cord  involved  take  origin  within  the  sac,  and 
traverse  it  in  order  to  reach  their  foramina.  The  posterior  roots  are 
necessarily  more  involved  than  the  anterior.  Sometimes  the  nerves 
take  origin  from  the  posterior  wall  of  the  sac,  and  the  latter  may 
present  externally  a  double  row  of  slight  depressions  from  this  origin. 

Spina  bifida  occulta. — This  term  was  first  applied  by  Recklinghausen 
to  an  interesting  form  in  which,  without  a  tumour  externally,  there 
is  elongation  of  the  cord  and  defect  of  the  vertebral  arches.  He 
supposes  that  there  was  here  an  early  meningocele,  which  had 
subsequently  shrunk.  An  important  peculiarity  in  this  form  is  the 
existence  within  the  spinal  canal  and  in  contact  with  the  cord  of 
adipose  and  fibrous  tissue  and  striated  muscle,  which  may  be  in  such 
quantity  as  to  form  a  distinct  tumour  (myo-fibro-lipoma).  The  muscle 
is  in  bundles  like  those  of  the  multifidus  spinae,  and  Recklinghausen 
supposes  that  it  may  have  arisen  by  a  dislocation  inwards  of 
parts  of  this  muscle  by  the  defectively  formed  vertebral  arches. 
Another  peculiarity  is  the  existence  of  an  excessive  growth  of 
hair  over  the  concealed  spina  bifida.  It  is  not  improbable  that 
such  lesions  may  be  not  infrequent.  The  existence  of  a  tuft  of  hair 
in  the  lumbar  region,  which  sometimes  resembles  a  tail,  should  call 
attention  to  the  condition  of  the  arches  of  the  vertebrae  and  this 
may  reveal  a  spina  bifida  occulta.  This  form  of  spina  bifida,  like 
that  in  which  a  manifest  tumour  exists,  may  be  associated  with 
lesions  of  the  cord  resulting  in  paralysis. 

The  origin  of  spina  bifida  is  to  be  referred  to  foetal  life.  Looking  to  the  series 
of  forms  of  lesion  from  completely  open  spina  bifida  with  anencephalus  to 
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meningocele,  it  seems  necessary  to  connect  the  affection  with  dropsy  of  the 
cerebro-spinal  canal.  A  further  confirmation  of  this  is  the  frequent  co-existence 
of  hydrocephalus.  It  can  scarcely  be  supposed  that  a  mere  dropsy  of  the 
membranes,  and  still  less  a  simple  defect  of  the  arches  of  the  vertebrae,  would 
fix  the  cord  in  the  fcetal  position,  and  we  are  induced  to  regard  the  lesion  as 
primarily  one  of  the  cord  itself.  There  may  be  a  very  early  dropsy  interfering 
with  the  closure  of  the  canal,  and  so  leading  to  rhachischisis.  But  after  the 
closure  there  may  be  a  dropsy  leading  to  a  local  distension  which  may  by  and 
by  rupture.  If  it  does  not  rupture  then  there  may  be  a  spina  bifida  having 
the  form  of  a  syringo-myelocele.  If  it  does  rupture  then  the  meningocele  or 
the  meningo-myelocele  will  result.  The  aperture  may  be  ultimately  a  very 
narrow  one  or  may  become  obliterated,  and  the  central  canal  may  form  and 
even  be  of  normal  character.  As  a  general  rule,  however,  the  fluid  in  the  sac 
communicates  freely  with  the  cerebro-spinal  fluid,  and  sudden  withdrawal  of 
the  former  sometimes  leads  to  serious  cerebral  symptoms  from  the  reduction 
of  the  cranial  contents. 

Literature. — Hydrocephalus — Leubuschee,  Path.  d.  Hirnkrank.,  1854;  Huguenin, 
(with  full  literature)  in  Ziemssen's  Handb.,  xi.  1;  Wilks,  Guy's  Hosp.  Eep.  1860. 
Hydrorhachis,  etc. — Leyden,  Virch.  Arch.,  lxviii. ;  Langhans,  do.,  lxxxv. ;  Krauss, 
do.,  c. ;  Schultze,  do.,  cii. ;  Charcot,  Lecons  du  Mardi,  1890;  Gowers,  Dis.  of 
nerv.  syst.,  i.  1892.  Spina  bifida — Forster,  Missbildungen,  1865;  Virchow,  Gesch- 
wulste,  i.  and  iii. ;  Eanke,  Jahrb.  d.  Kinderheilk,  xii. ;  W.  Koch,  Mittheilungen, 
1881 ;  Morton,  On  spina  bifida,  2nd  ed.,  1887  ;  Cleland,  in  Morton,  p.  32,  also 
Jour,  of  Anat.  and  Phys.,  xvii.  257  ;  Rep.  to  Clin.  Soc.  of  London,  1885,  xviii.  339 ; 
Recklinghausen,  Virch.  Arch.,  cv.  243  and  374  (with  full  literature);  Bland  Sutton, 
Lancet,  1887  and  1888. 

II.— MENINGEAL  HAEMORRHAGE. 

1.  Hematoma  of  the  dura  mater.  Pachymeningitis  hemor- 
rhagica.— Haemorrhage  on  the  internal  surface  of  the  dura  mater,  a 
lesion  of  considerable  frequency,  is  found  associated  with  thickening 
and  new-formation,  characters  indicative  of  chronic  inflammation. 
There  are  differences  of  opinion  as  to  whether  the  inflammation  is 
primary  or  secondary  to  the  haemorrhage.  The  lesion  presents  itself 
mostly  in  the  form  of  a  somewhat  massive  blood-clot  covering  the  in- 
ternal surface  of  the  dura  mater  and  compressing  the  brain  substance. 
When  the  clot  is  more  particularly  examined  it  is  seen  to  be  not 
exactly  free  on  the  surface  of  the  dura  mater,  but  covered  with  a 
delicate  membrane,  which  is  continued  beyond  the  clot  on  the 
surface  of  the  dura  mater  as  a  thin  soft  layer.  This  membrane 
generally  has  a  brownish  colour,  evidently  from  the  blood  colouring- 
matter,  and  it  presents  in  its  substance,  as  well  as  between  the 
membrane  and  .  'the-  dura  mater,  numerous  smaller  haemorrhages. 
This  condition'  is  of  somewhat  frequent  occurrence,  particularly 
i  among  the  insane.' 

As  indicated  above  two  views  are  held  as  to  the  nature  of  this 
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condition,  and  it  is  quite  possible  that  there  may  be  actually  two 
diseases.  According  to  Prescott  Hewett,  Huguenin,  and  others,  a 
haemorrhage  into  the  cavity  of  the  dura  mater  is  the  primary  con- 
dition. It  is  undoubted  that  a  haemorrhage  may  lead  to  a  condition 
resembling  that  described.  In  a  case  of  aneurysm  of  one  of  the 
larger  cerebral  vessels,  where  bleeding  had  occurred  into  the  sub- 
dural space  some  time  before  the  fatal  cerebral  haemorrhage,  the 
author  found  a  layer  of  soft  tissue  covering  the  dura  mater  and 
having  much  of  the  characters  described  above.  In  another  case  of 
the  author's,  an  injury  to  the  head  was  followed  by  a  haemorrhage  on 
the  internal  surface  of  the  dura  mater.  The  blood-clot  was  in  great 
part  replaced  by  an  organized  highly  cellular  membrane,  in  which 
were  wide  capillaries  (see  Fig.  358).     This  case  had  the  further 


Fig.  358. — Dura  mater  with  organized  clot  coating  its  internal  surface.  Above  is 
dura  mater.  The  new-formed  tissue  has  wide  capillaries,  filled  with  blood-cor- 
puscles.   A  tubercle  with  giant-cells  in  deeper  part  of  new-formed  tissue. 


peculiarity  (to  be  referred  to  further  on)  that  the  new-formed  mem- 
brane became  the  seat  of  tuberculosis.  In  these  and  similar  cases 
the  coagulum  on  the  surface  of  the  dura  mater  becomes  organized 
in  the  usual  way,  and  vessels  pass  from  the  dura  mater  into  the 
rudimentary  tissue  thus  produced.  These  thin-walled  vessels  (see 
figure)  are  specially  apt  to  bleed  for  reasons  to  be  presently 
referred  to,  and  so  there  is  haemorrhage  in  and  under  the  new- 
formed  tissue. 
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But  many  cases  have  a  more  spontaneous  origin,  and  agree  with  the 
description  which  Virchow  has  given  of  a  Pachymeningitis  hemor- 
rhagica. This  disease  begins  in  an  inflammation  of  the  dura  mater, 
characterized  by  hyperemia.  The  inflammation  being  chronic,  the 
result  is  the  formation  of  a  soft  membrane  on  the  internal  surface 
of  the  dura  mater,  owing  to  an  inflammatory  transformation  of  its 
nternal  layer.  In  its  structure  this  membrane  somewhat  resembles 
mucous  tissue,  containing  stellate  and  spindle-shaped  cells  in  a  matrix 
which  gives  a  precipitate  with  acetic  acid.  In  it  there  are  large  thin- 
walled  blood-vessels  in  large  numbers.  The  false  membrane  is  easily 
lifted  from  the  dura  mater  with  forceps,  and  as  this  is  being  done 
numerous  red  threads  are  seen  to  stretch  from  it  to  the  dura  mater ; 
these  are  the  blood-vessels. 

An  explanation  of  the  large  size  and  tendency  to  rupture  of  these  vessels  has 
been  suggested  by  Eindfleisch.  To  begin  with,  there  is  hyperemia  of  the  dura 
mater  with  relaxation  of  the  arteries.  The  normal  capillaries  of  the  dura  mater 
being  in  a  dense  tissue  are  not  readily  dilated,  but  the  blood  in  them  is  at  a 
high  pressure.  The  new-formed  vessels,  however,  are  delicate  and  lie  in  a  soft 
tissue,  and  they  communicate  with  the  capillaries  of  the  dura  mater,  in  which 
the  blood -pressure  is  excessive.  They  are  therefore  very  liable  to  dilatation,  and 
although  they  have  the  structure  of  capillaries  they  are  mostly  three  or  four 
times  as  wide  as  ordinary  ones.  These  vessels  often  rupture,  so  that  there  is 
frequent  haemorrhage  into  the  soft  membrane.  But  sometimes  a  more  consider- 
able hemorrhage  occurs,  and  the  blood  accumulating  dissects  up  the  membrane 
from  the  dura  mater,  rupturing  fresh  vessels  as  it  advances.  In  this  way  a 
large  flat  clot  as  thick  as  the  hand  may  be  formed,  the  proper  hematoma.  It 
will  be  observed  that  this  clot  is  still  covered  with  the  membrane,  and  it  is 
quite  unusual  to  find  the  blood  escaping  into  the  cavity  of  the  dura  mater. 

If  a  fatal  haemorrhage  does  not  Occur,  the  new-formed  membrane 
undergoes  organization  in  the  way  of  other  inflammatory  structures. 
It  becomes  more  cellular  and  finally  develops  into  connective  tissue 
which  coalesces  with  that  of  the  dura  mater.  The  disease,  however, 
is  apt  to  recur,  and  a  fresh  soft  layer  is  formed  which  goes  through 
the  same  stages,  so  that  there  may  be  several  layers  in  different 
stages  of  transformation  on  the  surface  of  the  dura  mater,  the  inner- 
most layer  having  the  characters  described  above. 

This  condition  occurs  chiefly  over  the  convexity  of  the  brain,  and 
is  stated  to  be  mainly  in  the  domain  of  the  middle  meningeal 
artery.  An  acute  suppurative  inflammation  very  rarely  develops 
in  connection  with  the  hematoma. 

2.  Haemorrhages  in  the  soft  membranes. — Most  of  these  are 
secondary  to  some  other  lesion  and  they  are  usually  of  minor 
consequence.    We  have  seen  that  aneurysms,  although  situated  in 
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the  meninges  give  rise,  when  they  rupture,  to  cerebral  haemorrhage 
more  than  to  meningeal.  There  are  again  numerous  small  haemor- 
rhages occasionally  in  anthrax,  haemophilia,  scurvy,  and  ulcerative 
endocarditis.  There  are  also  haemorrhages  from  injuries  to  the  skull, 
especially  when  they  involve  lacerations  of  the  brain.  But  there 
is  one  form  which  is  primary  and  of  considerable  importance. 

Infantile  meningeal  haemorrhage. — In  severe  and  prolonged  labours, 
where  the  head  is  much  compressed  and  there  is  obstruction  of  the 
vessels,  haemorrhage  sometimes  takes  place  on  the  surface  of  the 
brain.  It  is  important  because  it  may  lead  to  permanent  injury  to 
the  brain.  The  haemorrhage  is  over  the  convexity  or  at  the  base, 
and  in  the  former  case  it  occupies  chiefly  the  central  region  towards 
the  middle  line.  The  brain  beneath  is  sometimes  much  injured, 
being  lacerated  and  infiltrated  with  blood.  When  at  the  base,  the 
haemorrhage  is  chiefly  in  the  posterior  fossa,  the  blood  lying  on 
the  pons,  medulla,  and  cerebellum,  and  generally  arising  from  a 
laceration  of  the  cerebellum. 

As  the  blood  is  absorbed  there  may  remain  a  permanent  atrophy  of 
the  parts  which  had  been  injured.  There  may  be  thus  a  depression 
over  the  central  convolutions  which  are  dwarfed  and  indurated, 
and  the  usual  secondary  degenerations  may  ensue. 

During  life,  there  may  be  little  that  is  noteworthy  in  the  child 
immediately  after  birth,  but  as  the  powers  develop  it  may  show 
motor  weakness  and  spasms,  along  with  more  or  less  mental  defect. 
There  is  often  considerable  improvement  as  life  goes  on. 

Literature. — Hce?natoma — Prescott  Hewett,  Med.  chir.  trans.,  1845  ;  Virchow, 
Wiirzb.  Verhandl.,  1856,  vii. ;  Huguenin,  Ziemssen's  Handb.,  xi. ;  Eindfleisch, 
Path,  histol.  (Syd.  Soc.  transl.),  1873,  ii.  302;  Coats,  Journ.  of  Path,  i.,  1893. 
Infantile  hcemorrhage — Little,  Obstet.  trans.,  1862 ;  M'Nutt,  Amer.  Jour,  of  Med. 
Science,  1885 ;  Gowers,  Dis.  of  nerv.  syst.,  1888,  ii.  380. 

III.— MENINGITIS— INFLAMMATIONS  OF  THE  MEMBRANES  OF 
THE  BRAIN  AND  CORD. 

1.  Pachymeningitis.  Inflammation  of  the  dura  mater. —Excluding 
the  condition  already  described  as  connected  with  haematoma,  the 
inflammations  of  the  dura  mater  are,  for  the  most  part,  secondary 
to  affections  of  the  bones  or  sinuses.  In  compound  fractures  of  the 
skull,  suppuration  may  extend  to  the  dura  mater,  and  in  some 
cases  to  the  soft  membranes.  Caries  of  the  bones  may  have  a 
similar  result.  Thrombophlebitis  of  the  sinuses,  especially  in  cases 
of  disease  of  the  ear,  also  gives  rise  to  suppurative  inflammation, 
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sometimes  associated  with  gangrene  of  the  dura  mater.  (See  under 
Abscess  of  the  Brain.) 

2.  Leptomeningitis.    Inflammation  of  the  pia-arachnoid. — As  the 

arachnoid  and  pia  mater  are  closely  connected  and  form  virtually 
one  membrane,  they  are  always  associated  in  their  inflammations. 
The  term  Meningitis  is  commonly  used  without  qualification  to 
express  inflammation  of  the  soft  membranes,  which  is  much  more 
frequent  than  that  of  the  dura  mater.  The  nutrient  vessels  of  the 
brain  pass  in  from  the  vessels  running  in  the  subarachnoid  space, 
and  their  sheaths  are  direct  continuations  from  the  loose  tissue  of 
the  pia  mater.  Hence  in  all  forms  of  inflammation  there  is  liable 
to  be  an  extension  inwards  for  a  certain  distance  along  the  vessels. 
This  is  important,  as  serious  irritation  of  the  cortical  substance  of 
the  brain  is  apt  to  result. 

(a)  Simple  acute  Leptomeningitis.— This  name  is  applied  to  non- 
specific inflammations  of  the  pia-arachnoid.  Some  irritant  obtains 
access  to  the  membranes,  and  as  it  is  carried  by  the  circulating 
cerebro-spinal  fluid  the  inflammation  is  usually  of  a  spreading 
character.  The  cause  is  usually  traumatic  and  the  irritant  is  Septic 
in  nature ;  but  it  may  arise  from  disease  of  the  bones,  especially  in 
ear  disease,  and  in  that  case  the  meningitis  may  be  associated  with 
abscess  of  the  brain.  There  are  cases  in  which  the  meningitis  has 
an  embolic  origin,  septic  matter  being  transported  in  pysemia  or 
ulcerative  endocarditis.  It  has  also  been  found  associated  with 
acute  specific  fevers,  typhoid,  scarlet  fever,  small-pox,  and  with 
other  acute  diseases,  especially  pneumonia.  In  a  large  proportion 
of  cases,  the  infective  agent  is  the  capsule-coccus  of  Fraenkel 
(see  p.  334),  and  this  is  the  case  in  traumatic  as  well  as  in  other 
cases. 

In  the  milder  cases  there  may  be  simply  a  serous  exudation  in 
the  subarachnoid  space,  constituting  an  inflammatory  oedema.  But 
in  most  instances  the  case  goes  on  till  pus,  or  pus  with  fibrine, 
forms.  The  first  appearances  are  visible  in  the  neighbourhood  of 
the  veins,  in  the  sulci  between  the  convolutions.  Very  often  there 
is  a  white  or  yellow  band  visible  on  either  side  of  the  vein,  and  this 
consists  of  accumulated  leucocytes,  it  may  be  with  fibrine.  As  the 
exudation  increases  the  veins  become  buried  in  it,  and  the  whole 
subarachnoid  space  becomes  filled  (see  Fig.  359).  The  spaces  being 
filled  out  the  pia-arachnoid  forms  a  bulky  solid  layer  which  may  be 
separated  from  the  surface  of  the  brain,  and  form  a  mould  of  the 
convolutions  on  its  under  surface.  Under  the  microscope  the  mem- 
branes on  the  surface  of  the  brain  and  in  the  sulci  are  seen  to 
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be  packed  with  leucocytes  (see  Fig.  360),  and  the  inflammation 
extends,  as  already  noted,  in  some  measure  along  the  perivascular 
spaces  into  the  superficial  part  of  the  brain  substance. 

Acute  leptomeningitis  is  most  fre- 
quently a  disease  of  the  convexity  of 
the  brain.  It  may  have  its  origin  as 
in  traumatic  cases  in  a  particular 
locality,  and  it  may  here  be  more 
intense  in  its  manifestations.  Some- 
times the  arachnoid  and  dura  mater 
are  united  by  fibrinous  exudation  in 
such  localities.  But  the  infection 
generally  spreads  over  the  surface  of 
the  brain,  so  that  on  exposure  of  the 
hemispheres  it  is  manifestly  visible. 
The  affection  does  not  always  confine 
itself  to  the  convexity,  but  may 
extend  to  the  base  of  the  brain. 
There  is  not  commonly  any  dilata- 
tion of  the  ventricles  (hydrocephalus) 
in  this  disease,  but  the  ventricles  may 
contain  a  yellow  semi-purulent  fluid.  It  is  to  be  noted  that,  in 
accordance  with  what  is  stated  in  the  Introduction  to  this  section 


Fig.  3(50.— From  a  case  of  cerebro-spinal  meningitis,  a,  a,  The  soft  membranes 
infiltrated  with  pus,  also  passing  into  the  sulci,  b,  b.  Dilated  veins  are  seen  in  the 
midst.    Vessels  also  prominent  in  the  brain  substance. 


(see  p.  680),  the  exudation  is  in  the  subarachnoid  space,  not  on  the 
free  surface  of  the  arachnoid. 

Simple  chronic  meningitis  of  the  brain  and  spinal  cord  is  usually 
secondary.    There  are  thickenings  and  adhesions  of  these  membranes 


Fig.  359. — Acute  leptomeningitis  in  a 
case  of  epidemic  cerebro-spinal  meningitis. 
There  was  a  yellow  exudation  filling  out 
the  sulci.  (From  a  coloured  drawing  by 
Dr.  Innes  Dunlop.) 
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in  different  forms  of  insanity,  in  diseases  of  the  bones,  in  the  various 
scleroses  of  the  cord,  especially  posterior  sclerosis.  It  is  to  be  remem- 
bered also  that  a  chronic  inflammation  of  the  membranes  of  the  cord 
may  be  propagated  from  the  peripheral  nerves  along  their  sheaths. 

(b)  Epidemic  cerebro-spinal  meningitis. — This  disease,  which 
occurs  usually  in  the  form  of  local  epidemics  but  also  in  isolated 
cases,  is  to  be  grouped  along  with  the  acute  specific  fevers,  depending 
like  them  on  a  specific  morbid  poison.  The  infective  agent  has  been 
found  in  many  instances  of  this  disease  to  be  the  capsule-coccus  of 
Fraenkel,  which  seems  to  have  as  one  of  its  seats  of  election  the 
membranes  of  the  brain  (see  above).  It  is  to  be  noted  that 
pneumonia  is  not  infrequently  associated  with  the  form  of  disease 
under  consideration. 

The  soft  membranes  present  evidences  microscopically  of  acute 
inflammation,  at  first  in  the  form  of  serous  exudation  with  few 
leucocytes  and  red  corpuscles.  This  condition  is  only  seen  in  cases 
which  have  died  very  early  after  the  onset  of  the  disease,  for  the 
exudation  soon  takes  on  a  purulent  character  as  in  simple  meningitis. 
The  exudation  is  here  also  in  the  subarachnoid  space,  and  penetrates, 
along  the  sheath  of  the  nutrient  arteries,  into  the  nervous  tissue 
beneath  (see  Fig.  360).  There  is  very  seldom  any  exudation  on  the 
surface  of  the  arachnoid,  and  the  dura  mater  hardly  ever  takes  part 
in  the  disease.  The  exudation  is  most  marked  in  the  sulci  between 
the  convolutions  of  the  convexity  (see  Fig.  359),  in  the  fissure  of 
Sylvius,  on  the  surface  of  the  pons,  and  upper  surface  of  the  cere- 
bellum. It  sometimes  extends  into  the  lateral  ventricles.  In  the 
spinal  cord  it  is  most  abundant  in  the  lumbar  region,  and  is  almost 
confined  to  the  posterior  surface,  where  it  often  surrounds  the  pos- 
terior roots. 

The  disease  is  fatal  in  over  50  per  cent,  of  the  cases,  but  when 
recovery  occurs  it  is  usually  complete.  Sometimes,  however,  there 
is  permanent  damage  to  the  nervous  structures,  as  evidenced  by 
deafness,  etc. 

Apart  from  the  condition  of  the  meninges  and  the  occasional  occurrence  of 
pneumonia  the  organs  of  the  body  show  appearances  similar  to  those  in  other 
acute  fevers.  The  spleen  is  enlarged  but  not  very  greatly  so.  The  follicles  of 
the  intestine  are  swollen.  The  liver  and  kidneys  are  enlarged  and  show 
parenchymatous  infiltration.  There  are  sometimes  abscesses  in  the  muscles  and 
pus  in  the  joints.  The  skin  has  a  peculiar  tendency  to  show  petechias  during 
life,  and  becomes  deeply  stained  by  the  blood  colouring-matter  after  death. 

3.  Tubercular  meningitis  (Basal  meningitis,  Hydrocephalus  acutus). 
— This  disease,  as  the  name  implies,  depends  on  the  presence  in 
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the  meninges  of  the  bacillus  of  tubercle.  The  tubercle  bacillus  is 
readily  detected  in  the  affected  structures,  lying  in  the  membranes 
but  more  especially  in  the  walls  of  the  arteries.  The  bacillus  reaches 
the  membranes  by  several  different  paths,  of  which  three  may  be 
more  definitely  distinguished.  In  the  first  place,  the  disease  is,  in 
many  cases,  part  of  a  general  tuberculosis,  and  is  associated  with 
the  usual  lesions  in  other  organs,  but  the  meningitis  leads  to  such 
pronounced  symptoms  that  it  often  monopolizes  the  attention  of  the 
clinical  observer.  The  primary  seat  of  the  infection  is  frequently  in 
the  bronchial,  cervical,  or  mesenteric  glands,  the  tuberculosis  extend- 
ing to  the  veins,  and  so  to  the  blood.  There  may,  however,  be  an 
extension  by  the  blood  without  the  occurrence  of  a  general  tubercu- 
losis. The  primary  seat  may  be  in  the  lungs,  and  the  extension  to 
the  membranes  may  be  the  only  secondary  extension.  In  the  second 
place  the  infection  may  be  derived  from  a  local  tuberculosis  of  the 
brain,  which  takes  the  form  of  a  tubercular  tumour  (see  p.  669). 
When  such  a  lesion  originating  in  the  brain  substance  reaches  the 
surface  of  the  brain,  there  may  be  an  infection  of  the  membranes 
with  a  resulting  tubercular  meningitis.  In  the  third  place  a  tuber- 
culosis of  the  bones  of  the  skull  or  vertebral  column  may  extend  to 
the  membranes.  The  tuberculosis  is  mostly  in  the  basilar  portions  of 
the  occipital  or  sphenoid  bones,  or  the  bodies  of  the  upper  cervical 
vertebrae.  In  a  case  observed  by  the  author,  for  example,  a 
tuberculosis  of  the  basilar  bone  and  the  first  cervical  vertebra  had 
extended  to  the  pituitary  body  and  onwards  to  the  soft  membranes. 

The  meninges  are  affected  by  tuberculosis  more  frequently  in  children  than  in 
adults ;  it  thus  seems  as  if  the  soft  membranes  in  children  were  more  adapted  to 
the  growth  of  the  bacillus.  But  tubercular  meningitis  is  more  frequent  in  the 
adult  than  is  usually  supposed,  and  many  obscure  head  cases  are  found  post 
mortem  to  be  cases  of  general  tuberculosis  with,  it  may  be,  a  very  limited 
meningitis. 

The  virus  reaching  the  meninges  lodges  in  the  lymph  spaces 
of  the  membranes,  and  produces  inflammation  and  tubercles  in  the 
walls  of  the  finer  arteries  of  the  pia  mater,  and  in  the  subarachnoid 
space.  These  conditions  are  peculiarly  localized  in  the  basal  parts  of 
the  brain,  although  extending  sometimes  to  the  lateral  aspects  and 
to  the  spinal  cord.  It  may  be  that  this  is  related  to  the  fact  that 
the  arteries  are  distributed  from  the  base,  or,  more  probably,  that 
the  cerebro-spinal  fluid  stagnates  here  more  than  elsewhere,  and 
allows  of  the  growth  of  the  microbe. 

The  Appearance  of  the  brain  post  mortem  is  somewhat  as  follows. 
On  removing  the  dura  mater,  the  cerebral  hemispheres  are  generally 
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seen  to  be  fuller  than  usual,  and  the  surface  of  the  arachnoid  is 
somewhat  dry  and  glazed.  This  is  due  to  the  pressure  from  the 
ventricles,  which  are  distended  with  fluid,  usually  clear  serum.  The 
amount  of  fluid  is  sometimes  very  great,  and  this  prominent  feature 
gave  rise  to  the  name  Acute  hydrocephalus  applied  to  this  disease 
(see  p.  682).  In  the  neighbourhood  of  the  lateral  ventricles,  and 
especially  posteriorly,  the  brain  substance  is  soft  and  almost  diffluent 
(white  softening).  On  exposing  the  base  of  the  brain,  the  appear- 
ances of  inflammation  in  the  membranes  are  to  be  looked  for. 
These  are  often  somewhat  obscure,  and  in  appearance  trivial.  In 
the  slighter  cases  they  consist  merely  of  a  turbidity  or  opacity  over 
the  pons  and  optic  chiasma.  The  subarachnoid  space  is  occupied  by 
a  serous  exudation  with  some  pus,  giving  often  a  greenish  colour. 
But  usually  the  exudation  is  more  abundant  and  covers  the  basal 
structures,  extending  to  the  surface  of  the  cerebellum,  and  up  the 
fissures  of  Sylvius,  where  it  often  reaches  the  lateral  aspects  of  the 
hemispheres.  The  concentration  of  the  exudation  at  the  base  is  of 
great  importance,  and  the  covering-in  of  the  optic  chiasma  is  often 
the  most  direct  and  sometimes  the  only  prominent  sign  of  the 
existence  of  the  disease. 

The  affection  usually  extends  to  the  Meninges  of  the  spinal  cord, 
although  here  it  may  be  even  more  insignificant  in  appearance  than 
in  the  brain.  There  may  be  little  more  than  an  undue  redness  with 
a  granular  appearance  on  the  surface  of  the  cord. 

The  evidences  of  inflammation  are  much  more  prominent  to  the 
naked  eye  than  the  tubercles.  These  are  often  distinctly  visible 
only  on  microscopic  examination,  as  they  are  so  much  buried  in  the 
exudation  and  attached  to  such  small  arteries.  On  opening  up  the 
fissure  of  Sylvius,  however,  where  the  exudation  generally  glues  the 
opposed  surfaces  of  the  brain  together,  it  is  usually  possible  to  see 
the  little  white  tubercles,  often  no  larger  than  pins'  heads.  If  a 
piece  of  the  soft  membrane  be  removed,  however,  even  from  a  part 
where  the  exudation  is  very  abundant,  and  examined  with  a  low 
power  under  the  microscope,  the  tubercles  are  readily  seen  as 
spindle-shaped  prominences  on  the  small  arteries  (see  Fig.  361). 

There  is  not  in  this  form  of  tuberculosis  a  distinct  formation  of 
typical  tubercles  with  giant-cells  and  epithelioid  cells,  the  nodules 
described  as  tubercles  being  composed  of  aggregations  of  round  cells. 
The  walls  of  the  arteries  are  often  specially  affected,  so  that  they 
present  localized  prominences  (see  Fig.  362)  as  if  the  agent  had 
acted  at  certain  spots.  The  swellings  are  mainly  due  to  accumula- 
tion of  cells  in  the  adventitia  (Fig.  362),  but  the  intima  is  very 
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commonly  also  the  seat  of  an  inflammatory  infiltration  as  shown  in 
the  figure.    Besides  this  there  are  tubercles  in  the  walls  of  veins 


Fig.  361. — Arteries  of  the  pia  mater  in  a  case  of  tubercular  meningitis.    The  fre- 
quent spindle-shaped  swellings  indicate  the  position  of  the  tubercles,    x  16. 

and  in  the  tissue  apart  from  the  vessels,  and  there  is  a  general 
infiltration  of  the  membranes  with  multitudes  of  leucocytes  (see  Fig. 
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Fig.  362.— Tubercular  meningitis,  a,  an  artery  with  infiltration  chiefly  of  external 
coat,  but  also  of  internal,  which  shows  villou  s  projections.  The  connective  tissue 
around  is  also  infiltrated,  and  so  are  the  walls  o  f  the  nutrient  arteries  passing  into 
the  brain  substance  on  either  side,  b  b.    X  30. 

362).  The  inflammatory  infiltration  extends  along  the  nutrient  vessels 
into  the  substance  of  the  brain  and  spinal  cord,  as  well  as  into  the 
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cerebral  nerves.  The  superficial  parts  of  the  brain  substance  in 
particular  are  hypersemic,  and  not  infrequently  the  seat  of  small 
haemorrhages. 

The  White  softening  of  the  parts  around  the  ventricles  has  given  rise  to  some 
discussion  as  to  its  cause.  It  may  extend  somewhat  deeply  into  the  brain 
substance,  involving  fornix,  septum  lucidum,  corpus  callosum,  and  even  the 
thalamus  opticus  and  corpus  striatum,  and  it  is  sometimes  so  extreme  as  to 
reduce  the  tissue  to  the  consistence  of  thick  cream.  It  is  clear  from  the  com- 
parative absence  of  symptoms  that  this  extreme  softening  does  not  exist  during 
life.  Probably  the  fluid  in  the  ventricles  macerates  and  loosens  out  the  brain 
tissue  without  interrupting  the  functions,  and  after  death  a  more  pronounced 
softening  occurs.  The  condition  is  not  an  inflammatory  one,  and  it  occurs 
mainly  where  the  fluid  gravitates,  namely,  in  the  brain  substance  around  the 
posterior  parts  of  the  ventricles. 

Literature. — Neisser,  Die  Entziind.  der  seros.  Haute  des  Geh.  u.  Riickenm.,  1845; 
Huguenin,  in  Ziemssen's  Handb.,  xi.,  1.  Epidemic  cerebrospinal  meningitis — 
Meissner,  Schmidt's  Jahrb.,  129  and  136;  Klebs,  Virch.  Arch.,  xxxiv. ;  Willich, 
(Pneumonia  and  mening.)  D.  med.  Wochenschr.,  1875,  No.  23;  Ficket,  (do.) 
Annal.  de  la  soc.  med.  chir.  de  Liege,  1880;  Gowers,  Dis.  of  nerv.  syst.,  1893,  iL 
(literature  fully);  Frew,  Glasg.  Med.  Jour.,  1884,  xxii.,  p.  21;  Eberth,  D.  Arch.  f. 
klin.  Med.,  xiii. ;  Nauwerk,  do.,  xix. ;  Cornil  et  Babes,  Les  bacte'ries,  1886,  p.  446  ; 
Flexner  and  Barker,  Amer.  Journ.  of  Med.  Sc.,  1894. 

4.  Syphilitic  meningitis. — This  has  been  described  in  a  previous 
page  along  with  Syphilitic  lesions  of  the  brain  (p.  672). 

IV.— TUMOURS  AND  PARASITES  OF  THE  MENINGES. 

Tumours  of  the  membranes  of  the  brain  are  of  importance  especially 
when  they  press  on  the  brain  inside  or  on  the  nerves  as  they  issue 
from  the  skull.    They  are  of  considerable  variety. 

Fibromas  have  been  found  arising  from  the  dura  mater  both  of 
the  brain  and  of  the  spinal  cord.  In  the  latter  case  they  are  liable 
to  press  on  the  cord  and  may  even  interrupt  it.  In  a  case  observed 
by  the  author  a  hard  fibroma  the  size  of  a  marble  produced  serious 
mischief  by  pressing  on  the  cervical  cord. 

The  Chondroma  has  occasionally  been  observed,  especially  in  the 
dura  mater  of  the  cord.  In  a  dog  observed  by  the  author,  paraplegia 
was  produced  by  such  a  tumour  in  the  dorsal  region. 

The  Lipoma  is  a  very  rare  form  of  tumour  in  the  meninges ;  that 
already  mentioned  on  the  surface  of  the  corpus  callosum  (p.  257) 
probably  originated  in  the  pia  mater. 

The  Psammoma  occurs  not  infrequently  in  the  dura  mater,  where 
it  forms  a  rounded  growth  on  its  internal  surface  (see  Fig.  363)  ; 
sometimes  it  is  multiple.    The  tumour  is  usually  small,  but  may 
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be  as  large  as  a  walnut,  and  its  surface  is  rough  and  tuberculated. 
The  psammoma  also  occurs  as  a  small  soft  tumour  in  the  choroid 
plexus  and  in  the  pineal  gland.  In  the  latter 
case  there  may  be  a  tumour  of  considerable 
size,  whose  structure  is  like  that  of  the  normal 
gland,  and  so  the  condition  is  sometimes 
designated  Hyperplasia  of  the  pineal  gland. 
There  may  also  be  a  Papilloma  arising  from 
Fig.  363.— a  small  psammoma   the  choroid  plexus  either  in  the  lateral  ven- 

of  the  dura  mater,  natural  size.  x 

tricles  or  the  fourth  ventricle. 

The  Osteoma  hardly  occurs  in  the  membranes  as  a  distinct  tumour, 
but  it  is  common  to  find  flat  pieces  of  bone  in  the  dura  mater, 
especially  in  the  falx  and  tentorium,  and  even  in  the  arachnoid. 

The  Pacchionian  bodies  sometimes  give  origin  to  tumours  which 
may  grow  to  considerable  dimensions.  These  bodies  consist  of 
papillae  which  spring  from  the  arachnoid  and  project  in  various 
directions ;  some  of  them  impinge  against  the  skull,  where,  after 
thinning  the  dura  mater,  they  cause  pits  ;  others  project  into  the 
longitudinal  sinus. 

Cleland  has  described  two  tumours  of  a  papillary  character  which  grew  from 
the  dura  mater  and  pressed  on  the  brain  substance.  Although  one  of  these  was 
situated  in  the  falx,  which  does  not  normally  present  Pacchionian  bodies,  yet 
the  structure  of  the  tumours  conformed  to  that  of  these  bodies.  In  that  on  the 
falx  there  were  calcareous  masses  like  those  which  characterize  the  psammoma. 
The  tumours  measured  respectively  two  inches  and  one  and  a  half  in  diameter. 

Sarcomas  are  exceedingly  important  tumours,  especially  those  of 
the  Dura  mater.  Most  of  them  are  soft  in  consistence  and  con- 
tain chiefly  round  cells.  Sometimes  there  is  an  alveolar  structure, 
and  the  cells  have  a  distinct  resemblance  to  epithelium,  so  that  the 
tumours  have  been  often  described  as  Cancers.  There  are  even 
tumours  remarkably  like  epitheliomas  sometimes  observed  in  the 
dura  mater;  they  are  generally  regarded  rather  as  endotheliomas. 
The  sarcomas  generally  present  great  malignancy.  On  the  one  hand, 
they  extend  and  involve  neighbouring  parts  of  the  dura  mater  as 
well  as  the  soft  membranes  and  the  brain ;  and,  on  the  other  hand, 
they  press  outwards  on  the  skull,  and  may,  after  destroying  the 
bone,  work  through  to  the  external  surface.  These  tumours  have 
their  seat  mostly  at  the  base  of  the  skull  and  often  lead  to  serious 
nervous  lesions.  They  may  involve  directly  such  structures  as  the 
pons  or  medulla  oblongata,  the  sarcomatous  tissue  growing  into  and 
replacing  the  proper  structure;  they  also  grow  into  the  cranial 
nerves.    By  involving  the  bone  and  enlarging  it,  they  may  impinge 
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on  the  foramina  by  which  the  nerves  take  exit.  As  they  are  seated 
usually  at  the  base,  they  generally,  when  they  work  through  the 
skull,  present  at  the  pharynx  or  nares. 

Of  the  remaining  tumours,  the  Syphilitic  have  been  already  con- 
sidered (p.  671).  Tubercular  growths  hardly  ever  occur  except  by 
propagation  from  disease  of  the  vertebrae.  Dermoid  cysts  of  the 
dura  mater  have  been  observed  in  a  few  cases. 

The  Echinococcus  sometimes  develorjs  in  the  neighbourhood  of 
the  spinal  canal,  in  the  muscles  or  in  the  vertebrae.  By  enlarging 
it  may  extend  into  the  canal,  pushing  the  dura  mater  before  it  and 
compressing  the  cord.  It  has  even  been  found  to  have  its  seat 
inside  the  dura  mater.  A  few  cases  of  Cysticercus  in  the  subarach- 
noid space  have  been  described. 

Literature. — Beigel,  (Cysts  of  choroid  plexus)  Path,  trans.,  1869,  xx. ;  Kelly, 
(Papilloma  of  4th  vent.)  do.,  1873,  xxiv. ;  Cleland,  Glasg.  Med.  Jour.,  xi.,  1861  ; 
Davaine,  Traite  des  entozoaires,  1878 ;  Madeh,  (Cysticercus  in  3rd  vent.)  Berichte 
des  Kudolfstiftes  in  Wien,  1872. 

V.— AFFECTIONS  OF  THE  PINEAL  AND  PITUITARY  BODIES. 

1.  Pineal  gland. — The  pineal  body  is  a  small  reddish  structure, 
which  is  adherent  to  the  under  surface  of  the  velum  interpositum, 
so  that  it  is  often  torn  away  in  removing  the  choroid  plexus  and 
velum  interpositum.  It  is  connected  by  two  peduncles  of  white 
substance  with  the  optic  thalami  in  front.  In  the  adult  the  structure 
of  the  pineal  gland  is  very  indefinite,  but  it  is  often  partly  cystic, 
and  it  usually  contains  calcareous  particles,  or  brain  sand. 

At  an  early  period  of  development  the  pineal  gland  contains  saccules  and 
follicles  lined  with  cylindrical  epithelium,  and  this  structure  is  retained  in  adult 
life  in  some  animals.  According  to  recent  observations  the  pineal  gland  is  an 
aborted  or  rudimentary  median  eye,  the  Pineal  eye,  which  in  the  reptilia  still 
shows  sufficient  structure  to  be  recognizable.  The  eye  is  of  the  invertebrate  type 
having  the  rods  and  cones  in  front  of  the  expansion  of  the  nerve  instead  of  behind 
it  as  in  the  vertebrata.  These  observations  may  perhaps  explain  the  occurrence 
of  tumours  with  epithelium,  cartilage,  and  other  structures  in  the  pineal  gland. 

The  pineal  gland  is  occasionally  the  seat  of  tumours.  There  are 
simple  enlargements  from  hyperplasia,  sometimes  with  increase  of 
the  brain  sand  constituting  a  psammoma.  There  are  also  cysts 
replacing  the  gland. 

Bulky  tumours  of  a  complex  structure  have  been  observed  origin- 
ating in  the  pineal  gland,  sometimes  attaining  to  the  size  of  a  small 
apple.  Weigert  has  described  a  teratoma  which  measured  an  inch 
and   three-eights   in   diameter,   and   contained   hairs,  hair-follicles, 
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sebaceous  glands,  cartilage,  fat,  smooth  muscle,  cylindrical  epithelium, 
and  perhaps  nerves.  Falkson  and  the  author  have  recorded  cases 
to  which  the  name  chondro-adeno-sarcoma  might  be  given,  in  which 
the  bulk  of  the  tumour  was  sarcomatous,  but  associated  with  cartilage, 
glandular  structures,  and  cysts  (see  Fig.  364),  and  Turner  has  de- 
scribed one  somewhat  similar  in  structure  but  without  cartilage. 


Fig.  364.—  From  complex  tumour  of  pineal  gland,    a,  cartilage  ;  b,  gland  tissue 
developing  cysts  ;  c,  sarcomatous  tissue. 

From  the  position  of  the  pineal  gland  these  tumours  are  specially 
liable  to  distend  the  third  ventricle,  and  they  are  also  apt  to  press 
on  the  optic  thalami,  peduncles  and  corpora  quadrigemina  (see  Fig. 
365). 

2.  Pituitary  body.  Hypophysis  cerebri. — The  pituitary  body  or 
hypophysis  cerebri  is  a  small  body  situated  in  the  sella  turcica. 
It  is  elongated  from  side  to  side,  and  is  connected  with  the  brain 
by  a  stalk  which  is  continuous  with  the  infundibulum  of  the  third 
ventricle.  It  consists  of  two  lobes,  anterior  and  posterior,  with  an 
intermediate  boundary  layer.  The  two  lobes  are  very  different  in 
structure.  The  posterior  lobe  presents  chiefly  bundles  of  spindle- 
shaped  cells  partly  pigmented.  The  anterior  lobe  has  the  structure 
of  a  ductless  gland,  and  is  regarded  as  similar  in  structure  and 
function  to  the  thyroid  gland,  consisting,  like  it,  of  saccules  lined 
with  epithelium.  In  the  intermediate  zone  there  are  spaces  lined 
with  ciliated  epithelium. 
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The  analogy  between  the  pituitary  body  and  the  thyroid  gland 
has  led  to  observations  as  to  its  condition  in  diseases  of  the  thyroid, 


Fig.  365. — Tumour  of  pineal  gland,  a,  tumour  ;  b,  pedicle  attached  in  situation  of 
pineal  gland  ;  c,  corpora  quadrigemina  ;  d,  thalamus  opticus  ;  e,  third  ventricle ;  /, 
optic  nerve  ;  g,  portion  of  tumour  in  aqueduct  of  Sylvius  and  fourth  ventricle. 


such  as  goitre  and  cretinism,  and  in  cases  where  the  thyroid  has 
been  removed.  Removal  of  the  thyroid  in  animals  and  man  is 
followed  by  enlargement  of  the  pituitary  body,  so  that  it  weighs 
double  the  amount  of  the  normal  body  (the  normal  weight  in  man 
is  about  *5  or  *6  gramme).  The  body  also  has  been  found  enlarged 
in  cases  of  myxoedema  and  cretinism,  in  which  diseases  atrophic 
conditions  of  the  thyroid  exist,  but  it  is  doubtful  if  the  enlargement 
is  constant.  In  all  these  cases  it  is  the  glandular  anterior  lobe 
which  increases  in  size. 

Tumours  also  occur  in  the  pituitary  body.  Most  of  the  tumours 
have  been  connected  with  the  anterior  lobe,  but  a  few  are  recorded 
in  which  the  infundibulum  or  posterior  lobe  has  been  affected.  The 
forms  of  tumours  met  with  correspond  with  the  glandular  structure 
of  the  anterior  lobe.  Adenoma,  consisting  of  a  simple  enlarge- 
ment of  the  gland,  is  the  form  most  frequently  described.  Weigert 
describes  a  case  in  which  the  tumour  was  as  large  as  a  hen's  egg. 
These  tumours  are  sometimes  designated  by  the  term  struma  pitui- 
taria,  this  term  again  indicating  a  relation  to  the  thyroid  gland. 
Cysts  which  may  be  serous  or  colloid  also  occur.  Teratoma  is  a 
rarer  form. 

It  is  of  great  interest  that  Acromegaly  is  found,  if  not  universally 
yet  in  a  large  proportion  of  cases,  to  be  associated  with  enlargement 
of  the  pituitary  body,  and  the  enlargement  is  glandular  and  may  be 
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cystic.  The  enlarged  gland  may  be  as  large  as  a  lien's  egg.  There 
is  great  enlargement  of  the  sella  turcica  and  deformity  of  the  parts 
around. 

Literature. — Pineal  Gland — Weigert,  Virch.  Arch.,  1875,  lxv. ;  Falkson,  ibid., 
1879,  lxxv. ;  Turner,  Path.  Trans.,  1885,  xxxv. ;  Coats,  ibid.,  1887,  xxxviii. ; 
Mihalkovics,  Centralb.  f.  d.  med.  Wiss.,  1874;  Baldwin  Spencer,  (Pineal  eye) 
Quart.  Jour,  of  microscop.  Sc.,  Oct.  1886.  Pituitary  body—see  Literature  fully 
in  Boyce  and  Beadles,  Journ.  of  path.,  i.,  378,  1893;  Weigert,  Virch.  Arch.,  lxv., 
1875  ;  Marie  and  Souza-Leite,  Essays  on  Acromegaly,  New  Syd.  Soc,  1891. 
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SECTION  IV. 
DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 

General  Introduction.  The  function  of  respiration  implies  access  of  air  to  the 
Wood  and  of  blood  to  the  air,  a  double  mechanism.  Respiratory  movements 
affected  by  nerve  centres.  Pulmonary  circulation.  1.  Dyspnoea  arises  {a) 
from  insufficient  access  of  air,  and  (6)  from  inefficiency  of  the  pulmonary 
circulation.  Compensation  of  dyspnoea,  generally  insufficient  and  liable  to 
fail.  2.  Asphyxia,  the  phenomena  of  sudden  suffocation.  Ecchymoses  in 
pericardium,  pleura,  and  lungs  the  most  obvious  visible  results  post  mortem. 

A.  — The  Nasal  Passages.     1.  Congenital  malformations;  2.  Haemorrhage;  3. 

Acute  catarrh ;  4.  Chronic  catarrh ;  5.  Syphilis  and  tuberculosis  ;  6.  Tumours ; 
7.  Foreign  bodies. 

B.  — Larynx  and  Trachea.   I.  Malformations.    II.  Inflammations.    1.  Diphtheria  ; 

2.  Acute  catarrh,  sometimes  leading  to  CEdema  glottidis ;  3.  Chronic  catarrh  ; 
4.  Subglottic  inflammation  ;  5.  Inflammation  of  cartilages.  III.  Syphilis  and 
Tuberculosis.    IV.  Tumours  and  Foreign  bodies. 

C.  — The  Bronchial  Tubes.    Introduction.    I.  Inflammations.    1.  Bronchial  catarrh, 

constituting  ordinary  bronchitis,  (a)  acute,  (6)  chronic  ;  2.  Septic  bronchitis ; 

3.  Fibrinous  bronchitis.  II.  Stenosis  and  Dilatation.  1.  Narrowing;  2. 
Dilatation  :  bronchiectasis.  III.  Tumours  and  Foreign  bodies.  Importance 
of  the  lesions  resulting  from  foreign  bodies. 

GENERAL  INTRODUCTION. 

IN  studying  the  different  diseases  of  the  respiratory  organs  it  is 
proper  to  consider  the  effects  which  they  have  on  the  functions 
of  the  organs  concerned.  In  this  introductory  section  the  structure 
and  function  of  the  organs  will  be  considered  together  with  the 
alterations  in  function  to  which  disease  gives  rise. 

The  respiratory  organs  are  designed  to  bring  the  air  into  close 
relation  with  the  blood  in  order  to  an  interchange  of  gases  between 
the  two.  With  this  view  there  is  a  double  mechanism  by  which, 
on  the  one  hand  the  air  is  carried  into  the  lungs,  and  on  the  other 
the  blood  is  propelled  into  the  pulmonary  capillaries.  Both  of  these 
processes  are  equally  necessary  to  the  performance  of  the  respiratory 
function,  and  the  latter  is  deranged  by  interference  with  either  of 
them. 

2  Y 
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The  respiratory  organs  proper  are  concerned  primarily  in  the 
admission  of  air  into  the  lung  alveoli  or  air-vesicles,  where  it  comes 
into  close  relation  with  the  blood.  The  air  passes  through  the  nose 
or  mouth,  into  the  larynx,  thence  down  the  trachea  and  bronchi 
till  it  reaches  the  lung  alveoli,  where  the  essential  respiratory  surface 
exists.  The  pulmonary  capillaries  ramify  in  a  very  abundant  plexus 
in  the  walls  of  the  lung  alveoli,  and  the  blood  is  separated  from 
the  air  merely  by  the  capillary  wall  and  a  single  layer  of  very  thin 
epithelium.  It  is  here  that  the  blood  gives  up  its  excess  of  carbonic 
acid  and  absorbs  oxygen,  the  haemoglobin  of  the  red  corpuscles  being 
the  medium  of  this  interchange.  The  blood  circulates  through  the 
capillaries  with  great  rapidity,  but  the  interchange  of  gases  occurs 
in  the  brief  period  occupied  by  the  corpuscles  in  traversing  their 
respective  capillaries. 

The  respiratory  movements,  by  which  the  air  is  alternately  carried 
into  the  lungs  and  expelled  from  them,  are  effected  partly  by 
muscular  effort  and  partly  by  elastic  recoil.  The  movements  of 
inspiration  are  purely  muscular,  whilst  those  of  expiration  are, 
under  normal  circumstances,  for  the  most  part  mechanical,  due  to 
the  elasticity  of  the  lung  tissue  and  the  natural  sinking  of  the 
sternum  and  ribs  by  their  weight  and  elasticity.  But  even  under 
normal  conditions  expiration  is  often  assisted  by  muscular  effort, 
as  in  all  forced  or  rapid  expirations.  Like  all  muscular  move- 
ments those  of  respiration  are  under  the  control  of  the  nervous 
system. 

The  respiratory  centres  are  situated  in  the  medulla  oblongata. 
These  centres,  removed  as  they  are  from  the  lungs,  are  influenced 
in  their  action  by  the  condition  of  the  blood.  An  excess  of  car- 
bonic acid  or  a  deficiency  in  oxygen  in  the  blood  reaching  the 
centres  at  once  stimulates  them  to  increased  action.  As  all  muscular 
actions  and  other  tissue  processes  cause  a  consumption  of  oxygen 
and  a  liberation  of  carbonic  acid,  the  amount  of  these  in  the  blood 
varies  from  time  to  time.  These  varying  amounts  influence  the 
respiratory  centres,  so  that,  during  active  exertion,  for  example, 
when  oxygen  is  abundantly  absorbed  and  carbonic  acid  given  off  by 
the  muscles,  the  respiratory  movements  are  increased  in  frequency  or 
in  depth,  or  in  both.  There  are  thus  great  variations  within  normal 
limits.  It  is  important  in  relation  to  pathological  variations  to 
remember  that  it  is  the  condition  of  the  blood  in  regard  to  its 
saturation  with  oxygen  and  carbonic  acid  which  influences  the 
movements  of  respiration,  and  not  directly  any  local  circumstances 
in  the  respiratory  organs  themselves. 
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The  pulmonary  circulation  is  chiefly  dependent  on  the  right 
ventricle  of  the  heart,  whose  force  propels  the  blood  into  the 
pulmonary  artery  and  on  into  the  capillaries  and  veins.  The 
respiratory  movements  also  exercise  an  influence  on  the  circulation. 
During  inspiration,  as  the  capacity  of  the  chest  is  increased  and  the 
intra- thoracic  pressure  is  diminished,  the  passage  of  blood  into  the 
expanding  lungs  is  facilitated,  whilst  the  passage  of  the  blood  from 
the  lungs  by  the  pulmonary  veins  is  hindered.  Blood  will  thus 
surge  into  the  lungs  during  inspiration  and  be  partly  retained  there. 
On  the  contrary,  during  expiration  the  intra-thoracic  pressure  is 
increased  and  the  volume  of  the  lungs  diminishes.  The  blood 
coming  from  the  right  ventricle  will  by  this  be  partially  stayed, 
whilst  the  course  of  that  passing  onwards  to  the  left  auricle  will 
be  hastened. 

Dyspnoea. — This  condition,  which  means  difficulty  of  breathing,  is 
popularly  called  shortness  of  breath.  In  its  physiological  aspects 
it  means  an  exaggeration  of  the  respiratory  movements.  The 
affected  person  has  the  feeling  that  he  does  not  get  sufficient  air 
into  his  lungs,  and  there  is  an  actual  deficiency  of  oxygen  or  excess 
of  carbonic  acid  in  the  blood.  There  arises,  therefore,  a  stimulation 
of  the  respiratory  centres  by  the  abnormal  condition  of  the  blood, 
and  dyspnoea  is  brought  about  in  whatever  way  the  blood  passing 
to  the  centres  concerned  is  defective  in  oxygen  or  contains  an 
excess  of  carbonic  acid.  In  dyspnoea  the  muscles  of  respiration  are 
called  into  excessive  activity.  The  muscles  which  raise  the  chest 
and  the  diaphragm  act  with  exceptional  vigour  so  as  to  increase 
the  inspiratory  effect.  There  is  frequently  also  a  call  made  for 
muscular  effort  to  increase  the  force  of  the  expiratory  movements. 
It  is  in  some  cases  possible  in  this  way  to  distinguish  the  dyspnoea 
as  chiefly  inspiratory  or  chiefly  expiratory. 

From  the  remarks  made  above,  it  will  appear  that  dyspnoea  may 
have  its  origin  either  in  an  insufficiency  of  air  reaching  the  air- 
vesicles  or  in  an  insufficiency  of  blood  passing  through  the  pulmonary 
capillaries.  In  either  case  the  blood  is  insufficiently  oxygenated, 
and  the  respiratory  centres  are  stimulated  to  increased  action. 

Dyspnoea  from  insufficient  access  of  air  is  illustrated  most 
directly  by  obstruction  to  the  air  passages.  This  may  be  in  the 
larger  air  tubes  or  in  the  smaller.  The  obstruction  may  be  a 
mechanical  one  as  by  pressure  of  tumours,  or  aneurysms,  or  from 
accumulation  of  exudation  in  the  tubes,  or  it  may  be  due  to  spasm 
of  the  muscular  apparatus.  The  latter  occurs  somewhat  readily  at 
the  glottis,  which  may  be  closed  by  contraction  of  the  laryngeal 


708 


RESPIRATORY  ORGANS. 


muscles,  but  it  also  occurs  in  the  bronchi,  where,  as  in  asthma, 
there  may  be  a  general  spasm  of  the  finer  bronchi.  But  besides 
the  obstruction  of  the  air-tubes,  we  may  have  the  air  prevented 
from  entering  the  lung  alveoli  by  the  latter  getting  filled  up  with 
solid  or  fluid  exudation.  This  is  of  frequent  occurrence  in  pneu- 
monia, in  oedema  of  the  lungs,  and  in  tuberculosis  of  the  lungs, 
and  it  may  lead  to  severe  dyspnoea. 

Dyspnoea  from  insufficiency  of  the  pulmonary  circulation  has 
also  various  modes  of  origin.  Thus  the  vessels  may  be  seriously 
obstructed  by  pressure  on  the  lung  from  without,  as  in  cases  where 
the  pleural  sac  is  occupied  by  fluid  or  gas  in  large  volume,  although 
in  these  cases  there  is  also  obstruction  to  the  entrance  of  air.  Again 
there  may  be  great  occlusion  of  the  pulmonary  vessels  by  disease 
in  the  lungs  themselves.  Thus  in  tuberculosis  of  the  lungs  there  is 
great  loss  of  tissue,  including  the  vessels,  and  in  emphysema  there 
is  atrophy  of  tissue  and  occlusion  of  vessels.  But  there  is  a  most 
important  group  of  cases  in  which,  from  derangements  in  the 
circulation  itself  and  without  any  disease  of  the  lungs,  an  insufficient 
amount  of  blood  traverses  the  lung.  This  mostly  arises  from  disease 
of  the  heart,  and  the  form  of  dyspnoea  is  hence  called  cardiac 
dyspnoea.  It  occurs  more  especially  in  disease  of  the  mitral  valve, 
such  as  to  interfere  with  the  return  of  blood  from  the  lungs.  In 
this  case,  the  pulmonary  capillaries  are  dilated  and  may  bulge  into 
the  alveoli,  but  the  circulation  is  slow,  and  there  is  not  sufficient 
oxygen  absorbed  to  satisfy  the  tissues.  Mere  weakness  of  the 
heart  without  organic  disease  often  leads  to  dyspnoea,  especially  on 
exertion. 

In  most  cases  of  dyspnoea  the  organism  in  some  measure  ac- 
commodates itself  to  the  altered  circumstances,  and  the  dyspnoea 
is  in  part  at  least  overcome.  This  is  partly  effected  by  the  person 
limiting  the  amount  of  muscular  exertion  in  which  he  engages,  all 
muscular  effort  being  accompanied  by  consumption  of  oxygen  and 
formation  of  carbonic  acid.  Persons  liable  to  dyspnoea  learn  to  go 
quietly  and  keep  themselves  as  much  as  possible  at  rest.  There  is 
also  in  the  case  of  insufficiency  of  the  pulmonary  circulation  a  partial 
compensation  effected  by  means  of  the  exertions  of  the  right 
ventricle.  By  more  vigorous  contractions  and  ultimately  by  hyper- 
trophy of  its  muscular  substance,  the  right  ventricle  succeeds  in 
sending  more  blood  through  the  diminished  channels,  or  in  partly 
overcoming  the  impediment  at  the  mitral  orifice.  These  various 
compensations  take  place  the  more  readily  when  the  cause  of  the 
dyspnoea  is  of  gradual  occurrence.    It  is  matter  of  common  observa- 
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tion  that  an  interference  with  the  circulation  which  comes  on 
slowly  may  produce  no  perceptible  dyspnoea,  whilst  a  similar  amount 
of  interference  suddenly  developed  has  an  exceedingly  marked 
effect. 

While  the  urgency  of  dyspnoea  is  frequently  overcome,  yet  the 
blood  is  permanently  subnormal  in  respect  that  the  oxygen  is 
deficient  and  the  carbonic  acid  in  excess.  The  patient  is  mostly 
conscious  that  dyspnoea  is  every  moment  ready  to  obtrude  itself. 
Any  extra  exertion,  such  as  climbing  a  stair  or  a  hill,  involving  a 
slight  increase  in  the  consumption  of  oxygen,  at  once  causes  a 
deficiency  in  the  blood,  and  by  stimulation  of  the  medulla  oblongata 
leads  to  dyspnoea. 

There  comes  a  time  in  most  of  the  chronic  diseases  that  lead  to 
dyspnoea,  when  even  the  imperfect  compensation  described  above 
is  no  longer  possible.  This  takes  place  most  readily  where  the 
dyspnoea  is  due  to  interference  with  the  circulation  of  the  blood. 
As  the  interference  advances  the  limits  of  compensation  of  the  right 
ventricle  are  reached.  The  circulation  is  impeded  not  only  in  the 
lungs,  but  by  dilatation  of  the  right  ventricle  and  ultimately  by 
insufficiency  of  the  tricuspid  valve  interference  with  the  general  sys- 
temic circulation  occurs.  There  is  a  general  venous  hypersemia.  With 
this  there  is  an  increase  in  the  entire  bulk  of  the  blood,  and  a 
further  difficulty  in  keeping  up  the  percentage  of  oxygen  in  the 
increased  volume  of  blood.  In  such  cases  the  dyspnoea  becomes 
more  or  less  permanent,  and  there  are  added  to  it  the  phenomena 
of  cyanosis  and  general  oedema,  which  are  indications  of  failure  in 
the  compensatory  power  of  the  heart.  These  phenomena  of  dyspnoea 
and  failure  of  the  compensatory  power  of  the  heart  are  not  limited 
to  cases  of  cardiac  disease  proper,  but  occur  in  such  conditions  as 
emphysema  and  bronchitis  where  the  pulmonary  circulation  is  ob- 
structed. They  are  less  likely  to  occur  in  cases  where  from  general 
emaciation  the  volume  of  the  blood  and  the  bulk  of  the  tissues 
requiring  oxygen  are  diminished. 

The  dyspnoea  may  be  increased  or  rendered  more  permanent  by 
the  occurrence  of  pyrexia.  Febrile  rise  of  temperature  implying 
increased  oxidation  has  a  similar  effect  to  increased  muscular  effort 
in  stimulating  the  respiratory  centres.  In  this  connection  Cohnheim 
has  called  attention  to  the  fact  that  in  pneumonia  the  occurrence 
of  the  crisis  with  a  sudden  fall  of  temperature  is  usually  followed 
by  an  almost  entire  cessation  of  the  dyspnoea,  although  the  air  is 
still  shut  off  from  the  lung  alveoli  by  the  inflammatory  exudation 
as  much  as  it  was  before. 


710 


RESPIRATORY  ORGANS. 


Asphyxia.  Suffocation. — These  terms  imply  a  more  or  less 
sudden  and  complete  interference  with  the  process  of  respiration, 
whether  by  interruption  to  the  entrance  of  air  into  the  lungs  or 
to  the  passage  of  blood  through  them.  So  far  as  the  medulla 
oblongata  is  concerned,  the  effect  of  a  block  in  the  pulmonary  cir- 
culation will  be  similar  to  that  of  a  closure  of  the  larynx  or  trachea. 
In  either  case  the  blood  reaching  the  respiratory  centres  will  be 
deficient  in  oxygen,  and  the  result  is  an  excessive  stimulation  of 
these  centres. 

The  first  result  of  a  sudden  and  complete  obstruction  to  the  air- 
passages,  as  when  a  foreign  body  gets  into  the  larynx,  or  in  drown- 
ing or  other  modes  of  suffocation,  is  the  development  of  an  urgent 
dyspnoea.  All  the  respiratory  muscles  are  brought  into  violent 
exercise,  but  the  expiratory  phase  is  more  laboured  than  the  in- 
spiratory. These  violent  muscular  contractions  extend  to  other 
muscles,  and  in  about  a  minute  they  develop  into  general  con- 
vulsions. This  is  followed  by  relaxation  of  the  muscles  and  gradual 
diminution  of  the  respirations  and  death.  During  the  acute  period 
there  is  a  great  rise  in  the  arterial  blood-pressure  as  measured  by 
the  Kymograph.  In  the  later  period  the  blood-pressure  falls  to  the 
normal  or  subnormal. 

During  the  active  period  of  suffocation  small  haemorrhages  or 
ecchymoses  occur.  These  are  most  common  in  the  lungs  and  pleura 
and  in  the  pericardium,  but  are  also  met  with  in  certain  of  the 
softer  tissues  of  the  body,  as  the  conjunctiva,  pia  mater,  or  retina. 
Those  in  the  pleura  and  pericardium,  as  they  are  the  most  frequent 
and  most  readily  observed,  afford  the  most  direct  evidence  post 
mortem  of  death  from  asphyxia.  The  most  obvious  explanation  of 
these  haemorrhages  is  that  they  are  the  result  of  the  excessive 
increase  of  the  arterial  blood-pressure.  This  is  doubtless  the  ex- 
planation of  the  haemorrhages  in  the  conjunctiva  and  pia  mater, 
but  in  the  case  of  the  pleura  and  pericardium  another  element 
enters  which  acts  along  with  the  increased  blood-pressure  and  deter- 
mines the  greater  frequency  of  ecchymosis  within  the  chest.  This 
element  is  the  suction  action  of  the  violent  inspiratory  efforts  pro- 
ducing a  partial  vacuum  in  the  chest  and  so  diminishing  the  support 
of  the  vessels.  It  may  be  stated  here  that  the  author  is  able  to 
state  from  observations  of  his  own  that  the  haemorrhages  in  the 
chest  are  not  limited  to  the  pleura  and  pericardium,  but  affect  the 
parenchyma  of  the  lung  as  well.  But  in  the  lung  the  bleeding  is 
chiefly  in  the  interlobular  connective  tissue  and  not  into  the  lung 
alveoli.    This  determines  that  the  haemorrhage  is  from  the  bronchial 
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artery,  which  supplies  the  connective  tissue  of  the  lung,  and  not  from 
the  pulmonary  artery.  It  is  the  bronchial  artery  also  which  supplies 
the  pulmonary  pleura.  The  influence  of  the  rise  in  blood-pressure 
is  here  seen.  The  blood  in  the  pulmonary  artery  does  not  take 
part  in  the  rise  in  pressure,  but  that  in  the  bronchial  arteries  does 
so,  as  these  arteries  belong  to  the  systemic  system.  The  pleural  and 
pulmonary  ecchymoses  are  thus  due  directly  to  the  rise  in  blood- 
pressure,  but  their  frequency  in  these  situations  is  to  be  referred 
to  the  local  circumstances  of  the  dyspnoea. 

Cohnheim  has  fallen  into  the  curious  error  of  regarding  these  haemorrhages 
as  occurring  from  the  pulmonary  arterial  system  and  ignoring  the  bronchial 
arteries.  As  the  pulmonary  system  is  not  affected  by  the  rise  in  blood-pressure 
he  infers  that  the  suction  of  inspiration  is  the  only  cause  of  the  haemorrhages, 
although  admitting  that  the  haemorrhages  in  the  conjunctiva  and  pia  mater 
are  due  to  the  rise  in  blood-pressure. 

Where  the  interference  with  the  access  of  air  or  with  the  pulmonary 
circulation  is  less  sudden  or  less  complete,  the  phenomena  are  much 
less  urgent  than  those  above  noted,  and  are  of  the  character  rather 
of  those  of  dyspnoea  as  already  described. 

A. — The  Nasal  Passages. 

1.  Congenital  malformations. — Such  deformities  as  absence  of  the 
nose  and  its  cavities,  and  stenosis,  are  usually  parts  of  a  general 
malformation,  chiefly  Cyclopia  (see  p.  50).  In  Clefts  of  the  lip  and 
palate,  the  nasal  cavities  are  in  communication  to  a  greater  or  less 
extent  with  the  mouth.  This  communication  renders  the  mucous 
membrane  of  the  nares  liable  to  inflammation.  Normally,  the  nasal 
passages  are  protected  against  any  irritation  except  that  of  the  air 
passing  through  them,  and  the  mucous  membrane  is  correspondingly 
sensitive.  We  know  how  the  accidental  passage  of  a  piece  of  solid 
food  into  the  nares  causes  great  irritation,  and  we  shall  afterwards 
see  that  the  existence  of  a  foreign  body  in  the  nares  is  a  frequent 
cause  of  prolonged  catarrh.  In  cases  of  cleft  palate  the  food  and 
secretions  of  the  mouth  readily  pass  into  the  nares  and,  although  a 
certain  tolerance  may  be  established,  persons  so  affected  are  peculiarly 
liable  to  catarrh  of  the  nares. 

2.  Haemorrhage.  Epistaxis. — Haemorrhage  from  the  nares  is  of 
frequent  occurrence.  There  are  persons  who  have  a  special  pro- 
clivity to  it,  in  whom  it  occurs  at  intervals  without  apparent  cause. 
It  also  occurs  in  consequence  of  tumours,  especially  polypi  in  the 
nares,  the  mucous  membrane  over  the  tumour  being  liable  to  bleed. 
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It  is  an  occasional  concomitant  of  fevers  (typhoid  fever)  especially 
at  their  onset.  The  blood  usually  comes  from  the  anterior  part  of 
the  nares,  and  especially  from  the  mucous  membrane  over  the 
cartilaginous  septum. 

3.  Acute  catarrh.  Acute  rhinitis.  Coryza. — Acute  inflammation 
of  the  nares  occurs  most  frequently  as  a  catarrh,  constituting  the 
ordinary  cold  in  the  head,  but  there  may  be  a  more  intense  and 
specific  inflammation  in  diphtheria  and  scarlet  fever. 

In  the  case  of  the  specific  fevers,  the  special  irritant  concerned 
in  their  production  may  attack  the  nares  and  produce  acute  inflam- 
mation there.  This  is  nearly  always  the  case  in  measles,  but  some- 
times also  in  small-pox,  diphtheria,  and  scarlet  fever.  For  ordinary 
catarrhs  Cold  is  usually  assigned  as  the  cause.  The  mucous  membranes 
of  the  air  passages  are  indeed  much  more  liable  to  inflammations 
than  those  of  the  alimentary  canal,  and  an  exposure  to  cold  air 
which  would  not  produce  any  catarrh  of  the  mouth  might  possibly 
do  so  in  the  nares.  Moreover,  the  fact  that  the  nares  are  the 
nearest  part  of  the  air  passages  to  the  air,  and  are  therefore  most 
exposed  to  the  action  of  cold,  is  an  indication  that  such  exposure 
has  probably  something  to  do  with  it. 

Mere  inhalation  of  cold  air  is  not  enough  to  produce  catarrh,  as  every  one  who 
is  liable  to  cold  in  the  head  will  admit.  A  person  is  able  at  one  time  to  brave 
any  amount  of  exposure  without  the  risk  of  catarrh,  while  at  another  time  a 
slight  draught,  or  no  perceptible  exposure  at  all,  will  bring  it  on.  Such  circum- 
stances as  these,  taken  along  with  the  fact  that  the  catarrh  has  a  definite  course, 
usually  of  a  week's  duration,  has  induced  some  to  suppose  that  the  disease  is 
really  due  to  a  specific  morbid  poison.  In  this  view  it  is  necessary  to  suppose 
that  the  microbes  are  usually  present  in  the  air  or  in  the  mucous  membrane, 
and  that  they  take,  as  it  were,  advantage  of  the  mucous  membrane,  when,  at 
any  time,  it  is  in  a  specially  predisposed  state.  This  predisposition  may  be 
induced  by  cold  applied  either  directly  to  the  mucous  membrane  or  to  some 
other  part  of  the  body,  but  other  predisposing  causes  may  exist.  For  instance, 
when  a  person  is  overheated  the  arteries  of  the  skin  and  of  the  respiratory  mucous 
membranes  are  relaxed,  and  there  is  an  active  hyperemia.  At  such  a  time  a 
catarrh  is  readily  induced  apparently  because  the  mucous  membrane  is  less  able 
to  resist  the  action  of  irritants  than  usual.  There  is  apparent  confirmation  of 
such  a  view  as  this  in  the  fact  that  nasal  catarrh  undoubtedly  occurs  as  the 
result  of  the  action  of  specific  irritants.  In  measles  the  catarrh  of  the  nares 
and  conjunctivae  is  referable  to  the  specific  virus  of  that  disease.  In  hay  asthma 
the  irritation  of  the  pollen  is  the  cause  of  the  catarrh.  Again,  it  is  commonly 
stated  that  nasal  catarrh  is  communicable  from  person  to  person,  and  it  is  hardly 
conceivable  that  this  could  occur  unless  the  disease  had,  as  a  part  of  its  cause, 
some  specific  materies  morbi. 

The  catarrh  begins  with  an  inflammatory  hyperemia  of  the  mucous 
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membrane.  This  may,  of  itself,  lead  to  swelling  so  great  as  partially 
to  obstruct  the  passages,  giving  the  feeling  of  a  "stuffed  nose." 
The  inflammation  soon  passes  on  to  exudation.  This  finds  its  way 
for  the  most  part  to  the  surface,  but  in  its  passage  it  increases  the 
swelling  of  the  mucous  membrane.  The  exudation  is  the  usual  one 
of  inflammation,  namely  the  blood-plasma  with  leucocytes.  At  first 
this  is  .  mixed  with  mucus,  but  as  it  increases  in  amount  it  rapidly 
assumes  a  serous  character,  and  we  know  that  a  great  abundance 
of  serous  fluid  may  be  discharged  from  the  nostrils.  As  time  goes 
on  the  leucocytes  increase  in  the  exudation,  and  it  may  assume  a 
semi- purulent  character.  Sometimes  red  corpuscles  are  present,  giving 
the  discharge  a  greenish-yellow  colour. 

It  is  to  be  remembered  that  there  are  various  cavities  in  direct 
communication  with  the  nares,  of  which  the  principal  are  the  Frontal 
sinuses  and  the  Antrum  of  Highmore,  and  that  these  frequently  take 
part  in  the  acute  catarrh.  It  will  be  observed  that  in  all  stages  of 
the  catarrh  there  is  more  or  less  swelling  of  the  mucous  membrane, 
and  that  this  leads  to  the  obstruction  of  the  passages  which  is 
such  a  marked  symptom.  This  swelling  is  temporary  in  the  acute 
disease,  but  in  chronic  catarrh  it  is  apt  to  give  way  to  a  more 
permanent  thickening. 

Acute  inflammation  sometimes  extends  to  the  nares  in  Diphtheria. 
The  anatomical  changes  will  be  considered  in  next  section. 

4.  Chronic  nasal  catarrh. — This  may  supervene  upon  acute  catarrh, 
or  it  may  be  of  more  independent  origin.  The  presence  of  foreign 
bodies  not  infrequently  leads  to  an  inveterate  discharge  from  the 
nares,  more  especially  in  children.  The  prolonged  existence  of  catarrh 
leads  to  various  changes  in  the  mucous  membrane.  There  may  be 
Atrophy  with  induration,  a  process  similar  to  cirrhosis.  In  this  case 
there  is  frequently  an  excessive  purulent  secretion  (OzaBna),  which 
usually  has  a  very  foetid  smell.  In  other  cases  there  is  Hypertrophy  of 
the  mucous  membrane,  which  may  even  amount  to  a  distinct  polypus 
(see  below).  The  finer  ramifications  of  the  olfactory  nerves  are 
injured  by  these  tissue  changes  and  smell  is  lost  or  impaired,  in 
many  cases  permanently. 

5.  Syphilitic  and  Tubercular  lesions  of  the  nares. — Syphilis  not 
infrequently  affects  the  nares  in  the  tertiary  stage.  There  is  the 
formation  of  gummatous  tissue  with  inflammation,  beginning  either 
in  the  mucous  membrane  or  in  the  deeper  parts.  As  the  lesion  is 
superficial  there  is  usually  ulceration,  and  this  may  involve  the  soft 
parts  and  the  bones  very  extensively.  There  may  arise  in  this  way 
serious  lesions,  such  as  perforation  of  the  septum,  communication 
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with  the  mouth,  falling  in  of  the  nasal  bones,  etc.  When  the  bones 
are  affected  the  discharge  is  liable  to  be  very  putrid  (Syphilitic 
ozcena).  If  healing  occurs  the  cicatricial  contraction  may  produce 
still  further  deformities. 

Tuberculosis  of  the  nares  is  not  often  observed,  perhaps  because 
the  nares  are  not  usually  examined  fully  post  mortem.  Where  the 
nares  have  been  systematically  examined,  however,  as  by  Dmochowski, 
tuberculosis  is  found  in  a  considerable  proportion  of  cases  as  a  second- 
ary result  of  tuberculosis  elsewhere  (21  times  in  64  cases).  The  disease 
occurs  chiefly  in  connection  with  tuberculosis  of  the  lungs.  There 
are  tubercles  in  the  mucous  membrane  and  ulceration. 

6.  Tumours. — Amongst  the  lesions  just  bordering  on  tumours  may 
be  mentioned  the  so-called  Post-nasal  adenoid  growths.  This  name 
is  a  somewhat  unfortunate  one,  and  it  should  be  remembered  that 
the  glands  concerned  are  lymphatic  follicles  and  not  proper  epithelial 
glands.  The  subject  will  be  more  fully  considered  in  connection  with 
the  tonsils  and  naso-pharynx,  which  are  liable  to  similar  lesions. 

Another  form  of  lesion  which  has  affinities  with  chronic  inflam- 
mation is  the  Mucous  polypus  of  the  nares.  Like  other  mucous 
polypi  they  occur  very  commonly  as  a  result  of  chronic  catarrh,  but 
they  appear  occasionally  without  any  apparent  cause.  They  are 
usually  in  the  form  of  rounded  projections  having  a  comparatively 
narrow  base  or  neck,  the  growth  becoming  more  pedunculated  as  it 
enlarges.  They  often  produce  much  obstruction  of  the  passages.  In 
structure  some  of  them  present  simply  the  constituents  of  the  inflamed 
mucous  membrane,  connective  tissue  with  rather  wide  serous  spaces, 
and  covered  with  cylindrical  ciliated  epithelium.  (If  the  epithelium 
be  examined  in  fluid  immediately  after  removal,  the  ciliary  motion 
will  be  seen.)  The  connective  tissue  is  usually  so  infiltrated  with 
serous  fluid  as  to  give  an  oedematous  appearance  to  the  polypus,  and 
sometimes  a  more  definite  cystic  formation  occurs.  In  some  cases 
there  are  contained  in  the  tumour  mucous  glands,  but  it  is  doubtful 
if  there  is  a  true  new-formation  of  gland  tissue.  Cysts  sometimes 
develop  from  dilatation  of  mucous  glands  contained  in  the  tumour. 
The  polypi  are  not  infrequently  multiple. 

Polypi  are  sometimes  found  of  a  different  character  from  those 
mentioned  above.  There  may  be  true  Papillomata,  or  there  may 
be  Myxomata  or  Fibromata  taking  the  form  of  polypi.  These  latter 
usually  take  origin  in  the  periosteum.  Malignant  tumours  also 
sometimes  assume  the  polypoid  form. 

Of  the  malignant  tumours  Sarcomas,  originating  mostly  in  the 
periosteum  or  perichondrium,  may  produce  serious  obstruction  and 
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deformities  of  the  nasal  structures.  The  sarcomas  often  dislocate 
the  nasal  bones,  and  involve  the  neighbouring  structures  in  their 
substance.  In  this  way  they  sometimes  penetrate  into  the  antrum, 
or  involve  the  hard  palate  and  alveoli.  Cancers  rarely  occur  in  the 
nares  as  primary  tumours,  but  may  involve  them  by  extension  from 
neighbouring  parts. 

7.  Foreign  bodies. — Different  kinds  of  foreign  bodies  are  not  in- 
frequently found  in  the  nares.  They  may  be  introduced  into  the 
nostrils  accidentally  or  designedly  by  children.  These  may  become 
coated  with  lime  salts  so  as  to  form  nasal  calculi  or  Rhinoliths, 
which  may  also  form  without  the  presence  of  a  true  foreign  body, 
the  lime  being  deposited  in  inspissated  secretions.  Occasionally, 
maggots  find  their  way  into  the  nares,  and  sometimes  fungi  (Asper- 
gillus fumigatus)  occur. 

Most  foreign  bodies  irritate  the  mucous  membrane,  producing  chronic 
catarrh,  frequently  accompanied  by  very  putrid  discharges  (Ozaena). 

Literature. — Cohen,  Dis.  of  throat  and  nasal  passages,  1879 ;  Moeell  Mackenzie, 
Manual  of  dis.  of  throat  and  nose,  ii.,  1884 ;  Michel,  Krank.  d.  Nasenhohle,  1876 ; 
Zuckerkandl,  Norm,  u.  path.  Anat.  der  Nasenhohle,  1882  ;  Bresgen,  Chron.  Nasen- 
und  liachen-katarrh,  1883;  Dmochowski  (Tuberculosis),  Ziegler's  Beitrage,  1894, 
B.  xvi.,  s.  109 ;  Gerber  (Syphilis)  Die  Syphilis  der  Nares  unci  des  Halses,  1895. 

B. — The  Larynx  and  Trachea. 

The  lesions  of  the  larynx  and  trachea  are  frequently  associated  with 
those  of  the  bronchi,  more  especially  the  inflammations.  Their  separa- 
tion here  is  consequently  somewhat  artificial. 

I.  Malformations. — Entire  Absence  of  the  larynx  and  trachea  occurs 
only  in  acephalic  monsters  which  are  incapable  of  living.  There  are, 
further,  cases  of  Communication  between  the  trachea  and  oesophagus. 
In  these  cases  the  pharynx  generally  ends  in  a  cul-de-sac.  and  the  oeso- 
phagus opens  into  the  trachea.  Then  we  meet  with  cases  of  imperfect 
closure  of  the  original  branchial  clefts  leading  to  the  Congenital  fistula 
of  the  neck,  already  considered  (see  p.  53).  Again,  Individual  carti- 
lages, as  the  epiglottis,  or  one  or  more  of  the  rings  of  the  trachea,  may 
be  absent,  or  there  may  be  one  or  more  rings  supernumerary.  The 
trachea  may  divide  into  three  main  bronchi  instead  of  two,  and  in  that 
case  two  stems  pass  to  the  right  lung  and  one  to  the  left.  Occasionally 
the  larynx  is  congenitally  narrow,  or  it  may  fail  to  undergo  the  usual 
changes  at  puberty,  especially  in  cases  of  castration  before  puberty  or 
of  non-descent  of  the  testes.  Lastly,  the  trachea  has  been  observed  to 
the  left  of  the  (esophagus  or  even  behind  it. 


716 


LARYNX  AND  TRACHEA. 


II.  Spasm  of  the  glottis.  Laryngismus  stridulus. — The  larynx 
being  exceedingly  sensitive,  is  somewhat  readily  brought  into  a  state 
of  spasm.  Thus  the  mere  introduction  of  a  brush  with  a  stimulating 
solution  into  the  larynx  usually  produces  a  spasm  which  may  be 
sufficient  almost  to  close  the  glottis  for  some  seconds.  A  foreign 
body  which  has  lodged  in  the  larynx  usually  produces  violent  spasm, 
and  the  obstruction  in  these  cases  may  be  much  more  the  result  of 
spasm  than  of  the  foreign  body.  Spasm  is  also  produced  in  some 
cases  by  inflammations  of  the  larynx. 

Irritation  of  the  nerves  of  the  larynx  or  of  the  trachea  sometimes 
leads  to  spasm  of  the  glottis.  Aneurysms  by  causing  irritation  of 
the  recurrent  laryngeal  nerve  may  produce  this  effect,  but  they  may 
do  so  by  pressure  directly  on  the  trachea,  the  effect  in  this  latter 
case  being  reflex. 

A  more  independent  spasm  of  the  glottis  is  of  somewhat  frequent 
occurrence  in  children,  and  is  known  by  the  name  of  Laryngismus 
stridulus  or  False  croup.  There  may  be  no  appreciable  disease  of 
the  larynx,  or  at  most  a  catarrh,  but  a  sudden  spasm  occurs  with 
great  distress  and  urgent  dyspnoea.  The  obstruction  may  be  even 
fatal.  The  dyspnoea  is  accompanied  by  the  crowing  respiratory  sound 
and  hoarse  cough  which  have  given  rise  to  the  name  Croup. 

III.  Inflammations  of  the  larynx  and  trachea. — The  larynx  and 
trachea  are  liable  to  inflammations  of  very  varying  forms  and  degrees 
of  intensity. 

1.  Diphtheria. — This  disease,  as  already  seen,  depends  on  the  action 
of  a  specific  microbe,  the  bacillus  of  diphtheria  (p.  343).  The  local 
action  of  the  microbe  is  not  limited  to  the  larynx  and  trachea,  but 
usually  affects  also  the  fauces  and  frequently  the  naso-pharynx.  It 
very  often  extends  downwards  into  the  bronchi.  Besides  its  local 
action  the  toxine  absorbed  into  the  blood  produces  the  serious  effects 
already  referred  to,  especially  on  the  peripheral  nerves  (see  p.  344). 

The  local  action  consists  in  a  violent  inflammation  of  the  mucous 
membrane,  the  results  of  which  differ  somewhat  in  the  fauces  on  the 
one  hand  and  the  air  passages  on  the  other.  The  conditions  in  the 
former  situation  are  described  further  on  under  the  diseases  of  the 
Alimentary  canal.  In  the  larynx  and  trachea  as  in  the  fauces  a 
catarrh  is  the  first  sign  of  inflammation.  The  mucous  membrane  is 
hyperaemic  and  there  is  increased  mucous  secretion.  This  is  succeeded 
by  the  formation  of  a  fibrinous  exudation  which  covers  the  mucous 
membrane  with  a  whitish  false  membrane.  The  false  membrane 
consists,  in  the  usual  way,  of  fibrine  and  leucocytes.    The  mucous 
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membrane  at  the  same  time  shows  evidence,  microscopically,  of  the 
most  intense  inflammation.  The  vessels  are  dilated  and  the  tissue  is 
permeated  with  leucocytes  in  immense  numbers.  As  already  men- 
tioned (p.  343),  the  bacillus  is  found  in  the  false  membrane,  often 
in  association  with  other  microbes.  It  is  readily  separated  by  culti- 
vation 

Croup  is  a  name  generally  given  to  membranous  sore  throats  in  which  the 
exudation  is  mainly  or  entirely  in  the  larynx  and  trachea.  The  name  was  first 
applied  before  the  eminently  contagious  diphtheria  was  distinguished,  and  it  was 
commonly  understood  to  designate  a  peculiarly  violent  inflammation  of  the  air 
passages.  There  seems  to  be  no  doubt  that,  now-a-days  at  least,  the  great 
majority  of  cases  of  croup  are  really  cases  of  diphtheria  in  which  the  disease 
is  mainly  or  entirely  in  the  larynx  and  trachea.  The  name  is  also  given  to 
throat  affections  in  general,  in  which  respiration  is  accompanied  by  a  crowing 
sound,  this  being  indeed  the  original  meaning  of  the  term  Croup,  which  is  a 
Scotch  word  signifying  the  sound  made  in  such  cases. 

We  have  seen  that  in  the  larynx  diphtheria  produces  an  inflammation  in  which, 
after  the  shedding  of  the  epithelium,  a  fibrinous  exudation  occurs.  It  is  asserted 
by  some  that  the  diphtheritic  poison  is  the  only  agent  capable  of  producing  this 
form  of  inflammation.  Looking  at  the  matter  from  a  purely  pathological  point 
of  view  apart  from  clinical  experience,  it  certainly  seems  possible  that  other 
irritants  may  produce  similar  results.  Croup  has  been  produced  artificially  in 
rabbits  by  the  injection  of  ammonia  into  the  trachea  (Weigert).  In  these  cases 
the  irritant  first  kills  the  epithelium,  and  then  fibrine  is  deposited.  If  croup  occurs 
in  man  apart  from  diphtheria,  the  irritant  must  be  strong  enough  to  destroy 
the  surface  epithelium.  Apart  from  the  action  of  microbes,  such  an  irritant 
must  be  of  rare  occurrence,  but  the  possibility  of  its  existence  is  not  to  be 
denied.  We  shall  see  afterwards  that  in  rare  cases  we  meet  with  a  bronchial 
croup  where  there  can  be  no  question  of  diphtheria,  and  so  we  may  have  laryngeal 
and  tracheal  croup  of  a  simple  inflammatory  kind.  In  such  cases  there  will  be 
no  signs  of  general  disease,  but  all  the  symptoms  will  be  referable  to  the  local 
inflammation  and  obstruction  of  the  larynx.  It  should  be  added  that  laryngeal 
croup  has  been  met  with  in  small-pox,  measles,  pyamiia,  etc.,  and  in  that  case 
it  is  to  be  ascribed  to  the  action  of  specific  morbid  poisons,  as  in  diphtheria. 

2.  Acute  catarrh  of  the  larynx  and  trachea.— We  have  seen  that 
Acute  catarrh  forms  the  first  stage  in  diphtheria ;  it  is  the  result 
of  the  action  of  the  specific  poison.  Similarly  we  have  acute  catarrh 
in  measles  and  small-pox,  there  being  here  a  specific  eruption  similar 
to  that  in  the  skin,  along  with  acute  catarrh,  which  may,  in  excep 
tional  cases,  go  on  to  the  formation  of  a  fibrinous  exudation  as  in 
diphtheria.  In  typhoid  fever  we  may  also  have  acute  catarrh,  which, 
according  to  Eppinger,  is  of  similar  significance  to  the  affection  of 
the  intestine,  being  due  to  the  specific  agent.  Catarrh  occurs  also 
as  an  independent  affection,  just  as  nasal  catarrh  does,  and  in  this 
case,  although  usually  slight,  it  may  assume  a  very  severe  character. 
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Lastly,  a  catarrh  may  be  set  up  by  the  inhalation  of  irritating  chemical 
fumes. 

There  is,  as  in  other  inflammations,  hyperemia  and  exudation.  The 
mucous  membrane  is  red  as  seen  during  life,  but  on  post-mortem 
examination  the  redness  has  usually  disappeared  entirely,  the  vessels 
being  emptied  by  the  shrinking  of  the  tissue.  The  exudation  is 
originally  mucous  in  character,  and  is  not  generally  very  abundant. 
After  a  time,  as  in  the  case  of  nasal  catarrh,  it  usually  assumes  a 
more  purulent  character.  The  swelling  of  the  mucous  membrane  is 
not  usually  great,  and  there  is  not  commonly  any  serious  obstruction. 
On  the  other  hand,  in  children  a  slight  catarrh  may  bring  on  a  sudden 
suffocative  attack  due  to  spasm  of  the  muscles  of  the  glottis  (see  ante). 
As  an  unusual  complication  of  acute  laryngitis  may  be  mentioned 
oedema  glottidis,  the  condition  next  to  be  described. 

(Edema  glottidis. — This  name  is  applied  to  a  comparatively  sudden 
<  edematous  swelling,  causing  often  a  serious  or  even  fatal  obstruction 
of  the  larynx.  The  cedema  is  in  most  cases  an  inflammatory  exud- 
ation, but  it  occurs  in  Bright's  disease  as  part  of  a  general  cedema. 
It  may  be  part  of  a  simple  inflammation  of  the  larynx,  or  may  be 
connected  with  diphtheria,  or  the  pustular  inflammation  of  small-pox, 
or  syphilis,  or  tuberculosis ;  or  the  inflammation  may  be  propagated 
from  the  pharynx  and  fauces,  or  from  the  inflamed  perichondrium. 
The  condition  is  not  an  cedema  of  the  mucous  membrane  itself ;  that 
would  produce  a  very  moderate  swelling;  but  it  is  an  inflammation 
and  cedema  extending  to  the  submucous  tissue.  In  most  parts  of 
the  larynx  there  is  little  or  no  submucous  tissue,  the  mucous  mem- 
brane being  bound  down  to  the  perichondrium.  There  are  some 
parts,  however,  where  the  tissue  is  looser,  chiefly  the  base  of  the 
epiglottis,  and,  to  a  less  extent,  the  whole  epiglottis,  the  ventricular 
bands,  and,  most  of  all,  the  ary-epiglottic  folds.  The  epiglottis  is 
swollen,  especially  at  its  base ;  the  ary-epiglottic  folds  are  usually 
much  tumefied,  appearing  as  rounded  tumours  projecting  backwards 
from  the  base  of  the  epiglottis.  These  rounded  swellings  form  indeed 
the  most  prominent  appearances.  The  ligaments  passing  from  the 
epiglottis  to  the  tongue  are  also  sometimes  swollen.  Examined  from 
above,  the  tumefied  ary-epiglottic  folds  conceal  the  parts  beneath,  but 
on  laying  open  the  larynx  after  death  it  is  found  that  the  ventricular 
bands  (false  cords)  are  tumefied,  although  the  true  cords  are  usually 
very  little  affected.  The  cedema  may  affect  the  submucous  tissue  in 
the  trachea  for  some  distance  below  the  glottis.  If  the  swollen 
parts  be  cut  into,  a  fluid  exudes,  which  is  usually  sero-purulent  and 
.sometimes  almost  purulent. 
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3.  Chronic  catarrh. — This  is  a  common  result  of  repeated  attacks 
of  acute  catarrh,  but  may  occur  spontaneously.  It  is  chiefly  charac- 
terized, like  other  chronic  inflammations,  by  new-formation  of  tissue ; 
the  mucous  membrane  is  thickened,  and  its  surface  is  irregular.  The 
increase  is  mainly  of  connective  tissue  which,  having  the  usual  char- 
acters of  that  resulting  from  inflammation,  gives  rigidity  to  the  parts. 
The  movable  structures  of  the  larynx  are  thus  rendered  more  or  less 
stiff,  and  hoarseness  is  the  result.  Not  infrequently  flat  superficial 
ulcers  or  erosions  form,  and  these  have  their  seats  most  commonly  at 
the  posterior  commissure.  The  racemose  glands  of  the  larynx  may 
undergo  special  enlargement  so  as  to  appear  as  rounded  pro- 
minences. They  sometimes  ulcerate,  and  so  give  rise  to  small  crater- 
shaped  ulcers,  which  are  chiefly  to  be  seen  on  the  epiglottis  and 
ary-epiglottic  ligaments.  The  thickening  and  contraction  of  the 
connective  tissue  are  sometimes  so  great  as  to  produce  very  great 
Stenosis  of  the  larynx,  so  that  tracheotomy  is  needed  to  permit  of 
respiration.  Sometimes  mucous  polypi  form  on  the  surface,  and  add 
to  the  irregularity. 

4.  Subglottic  inflammation. — This  disease,  which  is  not  of  very 
frequent  occurrence,  is  an  inflammation  of  the  mucous  membrane 
beneath  the  glottis.  It  may  be  acute  at  its  onset,  but  it  generally 
passes  into  a  chronic  stage.  It  has  been  observed  as  a  sequel  to 
erysipelas  and  typhus  fever,  and  may  take  origin  apparently  in  inflam- 
mation of  the  perichondrium.  In  acute  cases  there  may  be  consider- 
able cedematous  swelling.  In  the  chronic  form  there  is  thickening 
of  the  mucous  membrane  as  in  ordinary  chronic  laryngitis.  The 
inflammation  is  often  just  beneath  the  cords,  and  so  may  produce 
fixation  of  them,  but  it  may  occur  further  down,  and  is  not  infre- 
quently in  patches  interrupted  by  normal  mucous  membrane. 

5.  Inflammation  of  the  perichondrium.  Perichondritis. — This 
disease  is  rarely  a  primary  one,  being  induced  chiefly  by  syphilitic 
and  tubercular  inflammations,  especially  when  there  is  deep  ulceration 
extending  down  to  the  perichondrium.  It  occurs  occasionally  as  a 
sequel  of  typhoid  and  also  probably  of  typhus  fever.  It  has  usually 
a  somewhat  chronic  course,  but  may  be  acute,  and  in  either  case  it 
ends  in  the  formation  of  pus  under  the  perichondrium.  The  pus, 
accumulating  under  the  perichondrium,  cuts  off  the  cartilage  from 
its  source  of  nutrition,  and,  just  as  in  periostitis,  this  is  usually 
followed  by  necrosis  of  the  cartilage.  The  destruction  of  the  cartilage 
may  be  a  slow  process,  and  there  may  be  a  kind  of  caries  followed 
by  necrosis.  This  disease  is  generally  confined  to  one  cartilage  at 
the  outset,  the  cricoid  being  most  frequently  attacked,  but  it  may 
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extend  to  others.  When  suppuration  has  occurred  the  inflammation 
spreads  to  structures  around,  and  we  may  have  burrowing  of  the  pus 
under  the  mucous  membrane  for  some  distance,  or  even  outside  the 
larynx  among  the  structures  of  the  neck. 

The  necrosed  cartilage  is,  by  degrees,  separated  from  the  living.  It 
is  usually  discharged  into  the  larynx,  but  the  pus  sometimes  forms  an 
external  opening  through  which  the  cartilage  may  pass.  There  is 
usually  great  deformity  of  the  larynx,  which  may  be  partly  due  to  the 
primary  disease  and  partly  to  the  collapse  resulting  from  loss  of  the 
cartilage.  When  the  cartilage  is  discharged  it  is  generally  found  calci- 
fied or  ossified,  and  it  may  be  a  question  how  far  the  calcification 
preceded  the  inflammation.  Dietrich  has  suggested  that,  in  the  case  of 
the  cricoid,  ossification  may  sometimes  be  the  primary  condition,  and 
that  the  inflammation  may  be  induced  by  the  pressure  of  the  hardened 
cartilage  against  the  vertebral  column. 

IV. — Syphilis  and  Tuberculosis  of  larynx  and  trachea. — 1.  Syphilis. 

— In  the  secondary  period  of  syphilis  the  larynx  is  frequently  the 
seat  of  catarrhs  which  are  to  be  classified  along  with  the  various 
inflammations  of  that  stage.  There  may  be  in  this  period  slight 
erosions  of  the  surface,  but  no  proper  ulceration. 

In  tertiary  syphilis  the  larynx  is  occasionally  attacked,  and  we 
have  here,  as  in  other  situations,  irregular  infiltrations  of  granulation 
tissue,  gummatous  new-formations,  ulcerations,  etc. 

The  lesions  may  be  at  first  comparatively  superficial,  consisting  of 
thickenings  and  elevations  of  the  mucous  membrane  so  as  to  form 
irregular  papillary  projections  (Condylomata),  which  sometimes  imitate 
in  appearance  epithelioma  of  the  larynx. 

Much  more  characteristic,  however,  are  deep  infiltrations  and 
ulcerations.  The  mucous  membrane  and  submucous  tissue  are 
infiltrated  and  thickened,  ulcers  develop,  first  as  a  general  rule  in 
the  epiglottis,  but  they  are  prone  to  extend  deeply  and  widely  so 
as  to  destroy  large  portions  of  the  epiglottis  or  the  whole  of  it. 
We  have  already  seen  that  the  ulceration  may  lead  to  perichondritis 
and  necrosis  of  the  cartilage  with  still  wider  results.  With  all  this 
there  is  great  new-formation  of  connective  tissue  with  corresponding 
deformity,  and,  if  the  ulcers  heal,  the  contraction  of  the  cicatricial 
tissue  leads  to  great  deformity  and  not  infrequently  to  such  ob- 
struction of  the  glottis  as  to  require  tracheotomy. 

Congenital  syphilis  sometimes  manifests  itself  in  the  larynx.  It 
may  be  in  the  form  of  a  superficial  catarrh,  sometimes  accompanied 
by  oedema  glottidis,  or  there  may  be  a  superficial  infiltration  of  the 
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mucous  membrane.  It  is  rare  to  have  a  deep  infiltration  and  ulcera- 
tion such  as  is  common  in  ordinary  syphilis. 

2.  Tuberculosis.  Laryngeal  and  Tracheal  phthisis. — Tuberculosis 
of  the  larynx  is  usually  secondary  to  pulmonary  phthisis,  the  mucous 
membrane  being  infected  by  the  sputum  from  the  lungs ;  it  occurs 
in  about  30  per  cent,  of  the  cases  of  tuberculosis  of  the  lung.  It 
is  occasionally  primary.  Even  when  the  laryngeal  tuberculosis  is 
secondary  to  that  of  the  lung,  it  may  seriously  aggravate  the  latter 
by  the  infective  material  from  the  ulcerated  surfaces  being  carried 
into  the  lung  by  insufflation. 

The  author  has  recorded  a  case  of  primary  tuberculosis  of  the  larynx.  On 
the  other  hand,  from  observation  in  several  cases  he  is  induced  to  believe  that, 
not  infrequently,  a  slight  pulmonary  tuberculosis  produces  an  infection  of  the 
larynx,  and  that  the  latter  may  advance  while  the  former  retrogrades.  The 
laryngeal  phthisis  may  thus  slowly  go  on  to  ulceration  while  the  pulmonary 
affection  heals.  Subsequently  the  lung  may  become  re-infected  from  the  larynx. 
This  is  the  explanation  of  the  fact  that  in  cases  of  ulcerated  larnygeal  tuber- 
culosis, there  is  often  a  very  rapid  and  extensive  tuberculosis  of  the  lung,  which 
presents  the  features  of  an  almost  simultaneous  infection. 

In  cases  of  phthisis  pulmonalis  the  mucous  membrane  of  the  larynx 
is  frequently  pale  from  anaemia,  but  this  may  be  nothing  more 
than  a  manifestation  of  a  general  anaemia  secondary  to  the  wasting 
disease  of  the  lungs.  The  first  result  of  the  actual  tubercular  disease 
is  inflammatory  thickening  of  the  mucous  membrane.  There  is  at 
first  chiefly  an  exudation  of  serous  fluid  and  cellular  infiltration  so 
that  it  is  mainly  an  oedematous  thickening.  It  is  most  marked  in 
the  epiglottis  and  ary-epiglottic  folds,  these  latter  often  showing 
themselves  as  rounded  prominences.  In  this  stage  microscopic 
examination  shows  the  presence  of  tubercles  with  their  characteristic 
structure,  along  with  the  cellular  condition  of  inflamed  tissue.  The 
tubercles  are  in  the  mucous  membrane  and  the  submucous  tissue, 
the  epithelium  being  as  yet  intact. 

To  the  thickening  succeeds  ulceration,  the  ulcers  being  at  first 
small  and  superficial.  These  ulcers  result  from  the  caseation  and 
softening  of  superficial  tubercles.  By  coalescence  larger  ulcers  form 
out  of  the  smaller  ones,  and  there  is  a  continual  tendency  to 
spreading.  As  a  rule  there  are  many  ulcers,  and  between  them  is 
thickened  mucous  membrane,  which  at  the  borders  of  the  ulcers 
sometimes  presents  irregular  projections  like  papillary  outgrowths. 
The  ulcers  are  at  first  superficial,  but  as  the  disease  progresses 
considerable  destruction  of  tissue  may  result.  The  vocal  cords  are 
not  infrequentlv  destroyed,  and  so  there  is  loss  of  voice,  but  the 
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voice  may  be  lost  from  the  rigidity  of  the  structures  caused  by 
thickening  from  chronic  inflammation.  Again,  perichondritis  not 
infrequently  follows,  with  suppuration,  and  this  causes  still  further 
inflammatory  manifestations. 

Ulceration  not  uncommonly  exists  in  the  trachea  and  bronchi  as 
well  as  in  the  larynx.  There  are  many  ulcers,  and  it  is  not  un- 
common to  find  the  cartilaginous  rings  of  the  trachea  extensively 
exposed.  With  these  ulcerations  of  the  trachea  there  is  swelling 
of  the  mucous  membrane  around  and  sometimes  a  perichondritis 
with  necrosis. 

The  lymphatic  glands  in  the  neck  are  affected  secondarily  to  the 
larynx  ;  they  are  the  seat  of  tuberculosis  as  already  described,  and 
their  enlargement  may,  in  some  cases,  aid  in  the  exact  diagnosis 
of  the  disease  in  the  larynx. 

Leprosy  produces  in  the  larynx  thickenings  and  ulcerations  similar 
to  those  of  the  skin. 

G-landers  also  attacks  the  larynx,  producing  the  lesions  already 
described. 

V.  Tumours  of  larynx  and  trachea. — The  most  frequent  form  of 
tumour  of  the  larynx  is  the  Papilloma.  This  tumour  is  often 
preceded  by  catarrhal  conditions,  and  is  particularly  common  in 
persons  who,  from  the  nature  of  their  profession,  use  the  voice- 
frequently.  But  it  often  occurs  without  either  of  these  predisposing; 
conditions.  The  tumours  most  frequently  grow  from  the  vocal! 
cords,  where  the  epithelium  is  flat.  They  consist,  like  other 
papillomas,  of  a  basis  of  connective  tissue  forming  numerous  conical 
projections  covered  with  epithelium  (see  Fig.  366).  The  epithelium 
may  be  thick,  and  the  connective  tissue  dense,  so  that  the  tumour 
is  like  a  hard  wart,  or  the  epithelium  may  be  thin  and  the  connective 
tissue  soft,  sometimes  richly  infiltrated  with  round  cells,  and  so  the 
growth  is  soft  like  a  soft  wart  or  condyloma.  The  growth  may 
occupy  a  small  surface  of  the  cord,  being  partially  pedunculated, 
but  it  often  has  a  considerable  base,  forming  a  shaggy,  irregular 
outgrowth. 

A  kind  of  false  papilloma  occurs,  as  we  have  already  seen,  in 
some  cases  of  tubercular  or  syphilitic  ulceration  of  the  larynx. 
Sometimes,  also,  the  surface  of  an  epithelioma  has  a  papillary 
character. 

Next  to  the  papillomas  the  Fibromas  are  the  commonest  tumours 
in  the  larynx.  Morell  Mackenzie  has  found  in  one  hundred  cases 
of  non-malignant  tumours,  sixty-seven  papillomas  and  sixteen  fibromas. 


TUMOURS  OF  LARYNX. 


723 


They  are  tumours  of  slow  growth,  mostly  seated  on  the  cords  or 
at  the  base  of  the  epiglottis.  They  consist  of  firm  or  soft  connec- 
tive tissue,  those  of  firm  consistence  being  the  commoner.  They 


Fig.  366. — Papilloma  of  larynx,  e,  e,  greatly  thickened  epithelium ;  h,  connective 
tissue  ;  g,  mucous  glands  ;  /,  a  gland  at  base  of  tumour  atrophied  by  its  pressure, 
x  '20.    (Cornil  and  Ranvier.) 


are  usually  more  or  less  pedunculated,  and  their  surface  is  generally 
smooth,  although  it  may  be  irregular  or  even  furnished  with  papillae. 
They  are  usually  small  tumours  from  the  size  of  a  split  pea  to 
that  of  an  acorn. 

Mucous  polypi  occasionally  occur,  but  are  much  less  frequent 
than  in  the  nares.  They  very  commonly  undergo  transformation 
into  cysts,  and  their  most  frequent  seats  are  the  epiglottis  and  the 
ventricles  of  Morgagni. 

Other  forms  of  simple  tumours  are  uncommon,  but  cases  of 
Lipoma,  Myxoma,  and  Angioma  have  been  recorded.  Cartilaginous 
tumours  formed  by  outgrowth  from  the  normal  cartilages  have  been 
found.  They  are  usually  multiple  and  sessile.  They  may  project 
considerably  into  the  larynx,  and,  being  covered  with  mucous 
membrane,  may  be  mistaken  for  one  of  the  commoner  tumours 
mentioned  above. 

Sarcomas  of  the  larynx  are  of  occasional  occurrence.  They  are 
usually  of  the  spindle-celled  form,  but  may  be  round-celled.  They 
may  grow  to  a  considerable  size,  and  are,  of  course,  prone  to  recur 
unless  the  whole  larynx  be  removed  along  with  the  tumour. 

Cancer  of  the  larynx  occurs  chiefly  in  the  form  of  flat-celled 
Epithelioma,  growing  usually  from  the  ventricular  bands,  but  also 
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originating  in  other  parts.  There  is  first  a  limited  infiltration 
which  extends  in  area,  and  gradually  advances,  involving  the  parts 
indiscriminately.  Very  commonly  there  is  an  abundant  papillary 
growth  on  the  surface  so  that  there  is  a  resemblance  to  the  cauli- 
flower cancer  or  to  the  papilloma.  The  central  parts  of  the  growth 
undergo  ulceration  while  the  disease  is  extending  at  the  periphery. 
In  this  way  great  destruction  of  tissue  may  result,  and  the  parts 
present  great  deformity.  An  epithelioma  may  also  extend  from  a 
neighbouring  part,  particularly  from  the  tongue. 

Tumours  are  of  very  rare  occurrence  in  the  trachea. 

Foreign  bodies  and  parasites  are  very  uncommon  in  the  larynx ; 
they  give  rise  to  violent  expulsive  efforts  by  coughing.  Various 
articles  may  pass  into  the  larynx,  especially  in  children,  such  as 
buttons,  peas,  pieces  of  food,  etc.  Round  worms  have  been  known 
to  lodge  there.  If  a  foreign  body  lodges  in  one  of  the  pouches 
of  the  larynx  it  will  excite  inflammation. 

Literature. — Very  full  account  by  Eppinger,  in  Klebs'  Handb.  d.  path.  Anat., 
Part  vii.,  1880  (also  literature);  Ziemssen,  Handbuch,  iv. ;  Morell  Mackenzie, 
Dis.  of  throat  and  nose,  i.,  1880  ;  Lennox  Browne,  Throat  and  its  diseases,  1878. 
Diphtheria — Home,  On  Croup,  1765 ;  Bretonneau,  Des.  inflam.  du  tis.  muqueux, 
1826;  Virchow,  Virch.  Arch.,  i. ;  Bartels,  D.  Arch.  f.  klin.  Med.,  1867,  ii. ; 
Rindfleisch,  Path.  hist.  (Syd.  Soc),  1872,  i.  ;  Wagner,  Arch.  d.  Heilk.,  vii.  and 
viii. ;  Weigert,  Virch.  Arch.,  lxx.,  lxxii.,  lxxix. ;  Trousseau,  Clin.  med.  (Syd. 
Soc),  1869,  vol.  ii.  ;  Zahn,  Beitr.  zur.  path.  Hist,  der  Diphth.,  1878;  Mackenzie, 
Diphtheria,  1879;  Barclay,  in  Holme's  Syst.  of  Surg.,  1883;  Russell,  (Sub-glottic 
infl.)  Glasg.  Med.  Jour.,  iii.,  1871.  Syphilis  and  tuberculosis — Bumstead,  in 
Gerhardt's  Handb.  d.  Kinderkr.,  iii.;  Lang,  Vorles.  iib.  Syph.,  1885;  Turck, 
Atlas  d.  Kehlkopfkr. ;  Semon,  (Congen.  syph.)  Path,  trans.,  xxxi.,  41;  Barlow, 
ibid.,  46;  Hunter  Mackenzie,  Edin.  Med.  Jour.,  1883,  i. ;  Coats,  Gairdner  and 
Coats,  Lect.  to  pract.,  1888.  Tumours — Morell  Mackenzie,  Essay  on  growths 
in  larynx,  1876,  also  Dis.  of  throat  and  nose ;  Fauvel,  Malad.  du  larynx,  1877 ; 
Bruns,  Kehlkopfpolypen,  1873  and  1878. 

C. — The  Bronchial  Tubes. 

Introduction. — In  order  to  appreciate  the  changes  which  occur  in 
affections  of  the  bronchi,  it  is  necessary  to  refer  to  some  points  in 
the  structure  of  the  tubes.  The  mucous  membrane  is  covered  with 
epithelium  whose  superficial  layer  is  cylindrical  and  ciliated.  Beneath 
the  epithelium  there  is  a  basement  membrane  consisting  of  a  trans- 
lucent homogeneous  membrane  which  has  few  nuclei  and  is  believed 
by  some  to  be  traversed  by  infrequent  channels  or  canaliculi.  Beneath 
the  basement  membrane  there  is  the  mucosa,  consisting  of  a  highly 
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vascular  connective  tissue,  with  bands  of  elastic  fibres.  In  the 
superficial  parts  of  the  mucosa  are  also  found  little  masses  of 
lymphoid  tissue  not  having  the  defined  form  of  the  closed  follicles 
of  the  intestine,  but  similar  in  structure  though  much  smaller.  In 
the  deeper  parts  of  the  mucosa  there  is  a  layer  of  smooth  muscle, 
the  muscularis  mucosae,  consisting  chiefly  of  circular  fibres,  but  with 
some  longitudinal  ones.  Outside  this  we  have  the  sub-mucosa  or 
aclventitia,  containing  the  mucous  glands  whose  ducts  penetrate  the 
mucosa  and  open  on  the  surface  by  trumpet -shaped  orifices.  The 
sub-mucosa  is  continuous  with,  and  really  forms  a  part  of,  the 
general  interstitial  connective  tissue  of  the  lung.  In  this  loose 
adventitia  the  cartilages  are  embedded,  and  there  are  abundant 
serous  and  lymphatic  spaces  which  are  in  communication  with  those 
throughout  the  lung,  the  perivascular,  and  others. 

The  diseases  of  the  bronchi  stand  in  close  relation  on  the  one 
hand  to  those  of  the  larynx  and  trachea,  and  on  the  other  to  those 
of  the  lungs,  and  it  is  impossible  to  draw  an  absolute  line  of  dis- 
tinction on  either  side.  The  affections  of  the  larger  and  middle 
bronchi  are  essentially  like  those  of  the  larynx  and  trachea,  and 
this  is  consistent  with  the  fact  that  in  structure  these  parts  are 
similar.  As  we  pass  down  the  bronchial  tree,  however,  the  structure 
changes  considerably.  The  cartilaginous  plates  become  irregular  and 
smaller,  and  finally  disappear;  the  elastic  tissue  becomes  more  com- 
pletely incorporated  with  the  mucous  membrane,  so  as  to  form  a 
single  layer  which  becomes  thinner  as  the  tube  diminishes  in  calibre  ; 
the  bronchial  -glands  altogether  disappear,  in  the  finer  tubes.  The 
bronchial  tube  thus  becomes  more  simple  in  structure,  and  approxi- 
mates to  that  of  the  lung  alveoli.  So  it  happens  that  in  their  dis- 
eases the  finer  bronchi  are  more  allied  to  the  lung  parenchyma,  and 
are  often  involved  with  it.  We  shall  afterwards  see  that  in  acute 
catarrhal  infiamniation  of  the  lungs  the  disease  often  begins  in  a 
capillary  bronchitis,  and  is  sometimes  described  under  that  name. 

I.  Inflammation  of  the  Bronchi.  Bronchitis. — Various  forms  are 
distinguishable.  This  is  an  inflammation  of  the  larger  and  middle- 
sized  tubes,  but  not  involving  to  any  considerable  degree  the  finer 
ones.  In  the  slighter  forms  of  bronchitis  the  larger  bronchi  and  the 
trachea  are  mainly  affected.  In  fact,  it  frequently  happens  that 
along  with  a  slight  laryngitis  there  is  a  tracheitis  and  a  bronchitis 
of  the  larger  stems.  In  the  more  definite  cases  of  bronchial  catarrh 
it  is  the  middle-sized  tubes  that  are  chiefly  involved.  As  already 
noted,  capillary  bronchitis  associates  itself  with  inflammation  of  the 
parenchyma  of  the  lung,  and  will  be  considered  in  that  section. 
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1.    Bronchial  Catarrh.    Ordinary  Bronchitis.    Causation. — The 

bronchial  mucous  membrane  exposed  to  the  inspired  air  presents 
varying  degrees  of  sensitiveness  to  variations  in  temperature  and 
otherwise.  Much  that  has  been  said  under  nasal  catarrh  is  again 
applicable  here.  It  is  to  be  added,  however,  that  in  many  persons 
there  is  a  special  proclivity  to  recurrent  attacks  of  bronchitis.  This 
may  be  due  to  an  inherited  weakness,  but  is  perhaps  more  frequently 
occasioned  by  an  acute  bronchitis  which  has  left  the  bronchi  con- 
siderably altered  in  structure,  has  rendered  them,  in  fact,  the  least 
resistant  part  of  the  body.  In  such  persons  bronchitis  may  be  set 
up  by  cold,  by  disorder  of  the  stomach,  or  by  some  other  trivial 
cause.  Valvular  disease  of  the  heart  frequently  predisposes  to 
bronchitis  by  causing  a  permanent  passive  hyperemia  of  the  mucous 
membrane. 

Bronchitis  mostly  occurs  as  recurrent  attacks  of  acute  inflammation, 
whilst  between  the  attacks  the  inflammation  has  a  more  chronic  char- 
acter. Hence  in  many  instances  the  lesions  of  acute  and  chronic 
inflammation  are  more  or  less  conjoined. 

(a)  Acute  Bronchitis. — The  first  phenomenon  here  is  active  con- 
gestion of  the  highly  vascular  mucosa  with  swelling  both  from 
dilatation  of  the  vessels  and  from  exudation.  The  epithelium  under- 
goes desquamation,  but  there  is  at  the  same  time  proliferation  in  the 
deeper  layers.  There  is  at  the  same  time  exudation  of  leucocytes 
from  the  vessels  of  the  mucosa,  and  the  latter  is  infiltrated  with 
round  cells.  The  mucous  glands  are  much  affected.  Their  inter- 
stitial tissue  is  infiltrated  with  round  cells,  so  that  the  gland  tissue 
is  somewhat  obscured  in  sections,  and  at  the  same  time  the  glandular 
epithelium  shows  proliferation  and  mucus  is  abundantly  secreted. 
It  will  be  observed  that  the  exudation,  so  far  as  the  mucosa  is 
concerned,  must  occur  beneath  the  basement  membrane,  and  no 
doubt  this  structure  somewhat  interferes  with  the  passage  of  fluid 
and  leucocytes  to  the  surface.  But  Hamilton  is  probably  in  error 
in  regarding  it  as  forming  an  almost  complete  barrier.  There  are 
channels,  as  noted  above,  through  the  basement  membrane.  By  these 
and  by  the  mucous  glands  the  exudation  reaches  the  surface  of  the 
tube. 

The  Exudation  in  bronchitis  is  important  as  it  forms  the  Sputum, 
and  gives  its  characters  to  the  latter.  In  the  normal  condition  the 
mucous  glands  secrete  enough  mucus  to  keep  the  membrane  moist, 
the  secretion  consisting  of  a  glairy  fluid  containing  a  few  leucocytes 
which  are  here  called  mucous  corpuscles.  The  fluid  owes  its  glairy 
or  sticky  character  to  the  fact  that  it  contains  mucin,  a  substance 
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allied  to  albumen  and  secreted  by  the  mucous  glands.  This 
normal  secretion  catches  and  holds  the  minute  particles  forming 
the  dust  which  we  inhale  with  the  air,  and  the  vibratile  cilia  of 
the  epithelium,  acting  towards  the  outlets,  carry  mucus  and 
dust  outwards,  to  be  swallowed  or  expectorated.  In  bronchitis  the 
secretion,  variously  altered,  is  mixed  with  the  exudation  from  the 
vessels.  At  first  there  is  slight  increase  of  the  secretion,  and  it  is 
chiefly  concentrated  and  tough.  As  the  disease  progresses  it  be- 
comes more  abundant  but  less  tough  and  less  transparent,  and 
this  is  brought  about  by  the  increase  of  the  inflammatory  exudation 
consisting  of  serous  fluid  and  cells.  The  degree  of  toughness  depends 
on  the  proportion  of  mucin,  and  the  degree  of  opacity  on  the  quantity 
of  cells. 

The  Sputum  coctum,  or  ripe  sputum,  met  with  at  the  acme  of  the 
disease,  is  yellowish  white  or  greenish,  and  opaque.  The  sputum  as 
seen  in  a  vessel  appears  at  first  sight  like  pus,  but  it  is  much  more 
tenacious.  Under  the  microscope  it  also  resembles  pus,  the  field 
being  crowded  with  multitudes  of  leucocytes.  But  the  tenacity  of 
the  fluid  is  often  shown  by  the  manner  in  which  the  plastic  leuco- 
cytes are  altered  in  shape,  being  drawn  out  into  oval  or  more 
elongated  forms  according  as  the  tough  mucus  is  drawn  out.  On 
adding  acetic  acid  the  usual  development  of  nuclei  occurs  in  the 
cells,  and  the  intermediate  fluid  becomes  markedly  opaque  from  the 
precipitation  of  the  mucin,  which  can  be  seen  now  in  fine  granules. 
With  acetic  acid  the  sputum  assumes  to  the  naked  eye  a  whitish, 
opaque,  and  almost  membranous  character. 

(b)  Chronic  Bronchitis. — We  have  here,  as  in  other  chronic  in- 
flammations, chiefly  a  new-formation  of  connective  tissue  often 
accompanied  by  atrophy  of  the  more  active  structures.  In  many 
cases  the  mucosa  assumes  more  or  less  permanently  a  highly  cell- 
ular character,  the  inflammation  not  subsiding  sufficiently  to  allow 
of  much  fibrous  development.  The  tissue  is  like  a  highly  vascular 
granulation  tissue  and,  like  it,  exudes  abundant  pus.  In  other  cases 
an  increase  of  fibrous  tissue  occurs,  so  that  under  the  basement 
membrane,  instead  of  a  succulent  vascular  mucosa  we  have  strands 
of  fibrous  tissue  containing  elastic  fibres.  This  gives  a  greatly  altered 
appearance  to  the  tube  as  seen  in  microscopic  sections.  The  mucous 
membrane  is  greatly  reduced  in  thickness,  and  the  surface  shows 
great  irregularity,  due  to  the  varying  degrees  of  shrinking.  There 
are  even  villus-looking  projections  visible  in  many  cases.  The  fibrous 
tissue  is  largely  in  longitudinal  bands,  and  these,  being  hypertrophied, 
are  often  visible  to  the  naked  eye  as  elongated  ridges.    The  mucous 
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membrane  so  altered  is  atrophied  and  indurated,  and  the  atrophy 
sometimes  extends  to  other  structures.  The  muscularis  mucosae  is 
somewhat  persistent  and  may  even  undergo  hypertrophy.  The 
mucous  glands  and  even  the  cartilages  undergo  atrophy. 

In  chronic  bronchitis  the  sputum  is  often  very  abundant,  and  may 
be  sero-mucous  with  comparatively  few  leucocytes,  but  is  liable  to 
be  intermittently  semi-purulent.  The  sputum  is  not  so  tough  as  in 
more  acute  cases,  and  is  often  very  frothy.  In  some  very  chronic 
cases  there  is  an  abundant  cellular  exudation — the  sputum  is  almost 
like  pus  and  has  not  the  toughness  of  the  sputum  coctum.  Large 
quantities  of  pus  may  thus  be  expectorated.  In  these  cases  it  may 
be  supposed  that  leucocytes  are  present  in  the  walls  and  outside 
the  bronchi  as  well  as  in  the  expectoration,  and  it  is  in  such  cases 
that  we  may  look  especially  for  dilatation  of  the  tubes. 

2.  Septic  Bronchitis.  Foetid  Bronchitis. — Where  highly  irritating 
decomposing  fluids  are  present  in  the  bronchi,  they  produce  acute 
inflammation  of  a  suppurative  character.  This  occurs  chiefly  under 
three  conditions.  In  the  first  place  local  obstruction  of  bronchi 
causes  the  secretion  to  stagnate  and  accumulate;  and  putrid  decom- 
position is  liable  to  occur.  This  is  the  mildest  form.  In  the  second 
place  foreign  bodies  lodging  in  the  bronchi  give  rise  to  abundant 
secretion  of  fluid  which  decomposes.  This  is  more  fully  considered 
at  p.  733.  Lastly,  gangrene  of  the  lung  leads  to  it,  by  producing 
putrid  juices  which  pass  into  the  bronchi.  In  the  last  two  cases  the 
whole  bronchi  of  one  lung  are  liable  to  be  affected,  and  there 
may  even  be  an  overflow  into  the  other  lung.  There  is  also  liable 
to  be  an  extension  to  the  parenchyma  of  the  lung,  the  putrid  juices 
being  insufflated. 

3.  Fibrinous  bronchitis. — This  name,  as  well  as  that  of  Plastic  bronchitis  or 
Bronchial  croup,  is  given  to  a  condition  of  -very  rare  occurrence  and  of  rather 
obscure  pathology,  but  yet  of  great  interest.  We  have  seen  that  in  laryngeal 
and  tracheal  diphtheria  the  fibrinous  exudation  sometimes  extends  down  into' 
the  bronchial  tubes,  and  that  casts  of  these  are  formed  occasionally.  Taking 
the  other  end  of  the  bronchial  tree  we  find  that  in  acute  pneumonia  the  fibrinous 
exudation  which  forms  in  the  lung  alveoli  commonly  extends  some  distance  into 
the  finer  bronchi,  and  so  we  find  casts  in  them.  But  there  are  cases  in  which 
fibrinous  casts  form  in  the  bronchial  tubes  independently,  without  any  disease 
of  the  trachea  on  the  one  hand  or  of  the  lung  proper  on  the  other.  These  cases, 
are  somewhat  chronic  in  character,  and  the  expectoration  of  casts  occurs  at 
intervals  during  months  or  even  years.  The  casts  are  of  a  whitish  grey  colour 
and  represent  the  bronchi  of,  it  may  be,  a  single  lobe,  with  their  ramifications. 
These  can  be  seen  very  beautifully  by  floating  them  out  in  water.  Sometimes 
the  fine  ends  of  the  casts  are  swollen  out  as  if  they  had  come  from  the  alveoli. 
The  casts  sometimes  present  on  section  a  stratified  arrangement  as  if  the  fibrine 
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had  been  deposited  in  layers.  They  show  under  the  microscope  fibrine  with 
leucocytes. 

The  exact  pathology  and  the  source  of  this  exudation  are  somewhat  obscure. 
In  some  cases  where  death  has  occurred  shortly  after  the  expectoration  of  the 
casts,  or  where  they  have  been  found  in  situ,  there  has  been  little  perceptible 
alteration  of  the  mucous  membrane.  This  has  led  some  to  suppose  that  the 
fibrine  comes  from  the  lung  alveoli,  and  in  many  cases  the  lung  tissue  is  con- 
siderably altered ;  there  may  be  phthisis,  or  pneumonia,  or  collapse.  But  it  is 
not  apparent  to  what  extent  these  may  be  secondary  to  the  bronchitis.  A  possible 
indication  of  the  pathology  may  be  afforded  by  the  fact  that  in  a  considerable 
proportion  of  the  cases  there  has  been  haemorrhage  from  the  lungs. 

II.  Stenosis  and  Dilatation  of  bronchi. — 1.  Narrowing*  or  Obstruc- 
tion of  the  bronchi  occurs  under  a  considerable  variety  of  different 
circumstances.  It  may  be  the  result  of  inflammation  in  the  bronchial 
wall  itself.  There  is  some  swelling  of  the  bronchial  mucous  membrane 
in  all  acute  inflammations,  and  in  the  case  of  the  finer  bronchi,  this 
along  with  the  inflammatory  exudation  will  cause  serious  obstruction. 
Hence,  in  capillary  bronchitis  (broncho-pneumonia)  respiration  is  often 
seriously  interfered  with. 

In  Asthma  there  is  an  obstruction  of  the  finer  bronchi  throughout 
the  lungs.  It  is  brought  on  by  nervous  agencies,  but  the  exact  pro- 
cess in  the  bronchi  themselves  is  not  quite  determined.  The  nervous 
origin  suggests  spasm  of  the  muscular  coat  of  the  bronchi,  and  the 
suddenness  of  onset  and  recovery  are  consistent  with  this.  There 
seems  little  doubt  that  muscular  spasm  is  the  essential  element.  On 
the  other  hand,  the  long  duration  of  the  paroxysms  in  some  cases 
throws  doubt  on  the  view  that  spasm  alone  is  the  cause.  An  acute 
hyperemia,  due  to  vaso-motor  paralysis  and  accompanied  by  oedema, 
has  been  suggested  as  a  more  probable  explanation.  From  whatever 
cause  there  is  sudden  stenosis  of  the  finer  bronchi,  spasmodic  at  the 
outset,  but  possibly  complicated  later  on  with  actual  swelling  from 
exudation.  Leyden  observed,  in  the  sputum  of  cases  of  asthma, 
crystals  (sometimes  called  Leyden 's  crystals)  similar  to  those  found 
in  the  blood  in  leukaemia  (Charcot's  crystals,  see  under  Leukaemia). 
He  supposes  that  these  crystals  may  set  up  a  reflex  spasm  of  the 
bronchial  muscles,  but  this  view  has  not  been  accepted. 

Narrowing  of  the  bronchi  may  be  due  to  Pressure  or  Encroachment 
from  without.  Tumours  not  infrequently  extend  from  the  root  of 
the  lung  along  the  connective  tissue  around  the  bronchi,  and  growing- 
there  they  may  compress  and  narrow  a  bronchus.  In  not  a  few  cases 
the  tumour  infiltrates  the  bronchial  wall,  and  may  even  grow  through 
it,  so  as  to  present  itself  in  the  calibre  of  the  tube,  thus  narrowing  it 
considerably.    These  conditions  occur  chiefly  in  the  case  of  lympho- 
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sarcoma  of  the  mediastinum.  Tumours  by  their  mere  pressure,  or 
aneurysms  impinging  on  a  bronchus,  may  narrow  the  calibre. 

Foreign  bodies  in  the  bronchi  produce  obstruction,  and  a  large  one 
plugging  a  main  bronchus  may  lead  to  serious  respiratory  trouble. 
Foreign  bodies  in  the  bronchi,  however,  may  give  rise  to  affections 
of  a  different  kind  to  be  considered  in  a  following  page. 

2.  Dilatation  of  bronchi.  Bronchiectasis. — This  is  a  condition  of 
considerable  frequency,  and  it  arises  under  a  variety  of  different 
circumstances. 

(a)  Causation. — In  most  cases  the  main  agent  in  causing  dilatation 
of  the  bronchi  is  the  air-pressure  acting  excessively  and  very  often 
acting  on  bronchi  whose  tissue  is  weakened  by  disease.    In  regard 
to  the  air-pressure  we  can  recognize  here  as  in  the  case  of  emphysema 
cases  in  which  the  abnormal  pressure  is  during  inspiration  and  others 
in  which  it  is  during  expiration.     Non-expansion  or  shrinking  of 
the  lung  alveoli  is  a  cause  of  bronchiectasis  from  the  action  of  the 
forces  of  inspiration.    To  such  cases  the  term  Complementary  Bron- 
chiectasis may  be  applied,  the  term  having  a  similar  significance  to 
complementary  emphysema.     This  is  illustrated  in  certain  interesting 
cases  of  congenital  atelectasis,  in  which  portions  of  the  lung  do  not 
expand  at  birth  and  remain  un expanded  (see  Fig.  367).    In  such  cases 
the  inspiratory  expansion  of  the  chest  is  not  able  to  act  on  the  lung 
alveoli,  and  so  it  exercises  a  dilating  force  on  the  bronchi,  which  may 
be  expanded  into  a  congeries  of  sacs.    (See  also  under  Hypertrophy  of 
the  lung.)   Localized  atelectasis  due  to  other  causes  may  have  a  similar 
result.    A  more  frequent  cause  is  shrinking  of  the  lung  by  fibroid  con- 
traction.   This  occurs  in  the  various  forms  of  chronic  inflammation  of 
the  lungs,  and  more  particularly  in  fibroid  phthisis.    The  shrinking 
of  the  lung  tissue  is  often  very  great  and  a  complementary  bronchi- 
ectasis is  usually  associated  with  emphysema,  the  latter  occurring 
in  the  parts  of  the  lung  less  affected  with  the  fibrous  development. 
In  cases  of  this  kind  the  dilatation  of  the  bronchi  is  partly  due  to 
the  contraction  of  the  fibrous  tissue  of  the  lung.    The  adventitia 
of  the  bronchi  is  directly  continuous  with  the  interstitial  tissue  of 
the  lung,  and  the  shrinking  of  the  latter  will  act  on  the  bronchial 
walls,  but  will  do  so  irregularly  according  to  the  relations  of  the 
fibrous  tissue.     This  is  in   part  the  explanation  of  the  irregular 
expansion  of  the  bronchi  resulting  in  the  saccular  form. 

Weakness  of  the  bronchial  wall  leads  to  bronchiectasis  chiefly  from 
its  association  with  coughing,  in  which  the  expiratory  forces  are 
increased.  In  this  respect  bronchiectasis  is  comparable  with  sub- 
stantive emphysema.    In  chronic  bronchitis  there  is  frequently,  as 
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we  have  seen,  atrophy  of  the  bronchial  wall.  This  atrophy  may  be 
from  fibrous  development,  and  in  that  case  the  wall  can  scarcely 
be  weakened.    But  if  the  Avail,  as  frequently  happens,  is  for  prolonged 


Fig.  367.— Complementary  bronchiectasis  from  old  congenital  atelectasis.  The 
bronchi  in  the  apical  region  are  expanded  into  rounded  sacs.  The  collapsed  tissue 
around  contained  no  carbonaceous  pigment  as  if  it  had  never  been  in  \ise  for 
respiration. 

periods  in  a  state  of  more  constant  inflammation,  so  that  its  tissue  is 
like  granulation  tissue,  then  it  is  liable  to  expand.  In  such  cases  there 
is  abundant  secretion  and  therefore  frequent  coughing,  and  the  forced 
expirations  with  closed  glottis,  acting  on  the  weakened  wall,  induce 
dilatation.  The  weakening  or  softening  of  the  wall  is  even  more 
manifest  in  septic  bronchitis  where  there  may  be  extensive  bronchi- 
ectasis. 

Accumulation  of  the  secretion  of  the  bronchi  is  also  an  occasional 
cause  of  bronchiectasis.  This  may  act  in  two  ways.  The  accumulated 
secretion  is  apt  to  decompose  and  produce  septic  inflammation,  and 
so  weaken  the  wall.  On  the  other  hand,  if  there  be  a  complete 
obstruction  of  a  bronchus  the  accumulation  in  the  parts  distal  to 
the  obstruction  may  dilate  the  tube.  •  As  atelectasis  results  from 
such  bronchial  obstruction  we  have  a  further  cause  of  bronchiectasis. 
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(b)  Structural  changes. — The  various  forms  of  bronchiectasis  may 
be  divided  into  two,  namely,  cylindrical  and  sacculated  dilatations. 
The  Cylindrical  form  occurs  mainly  where  the  causal  condition  has 
been  more  or  less  of  a  general  one,  such  as  a  prolonged  bronchitis. 
The  bronchi,  especially  the  middle-sized  ones,  are  unduly  wide,  and 
their  walls  are  thinned.  The  dilatation  may  be  quite  regular,  but 
very  often  there  are  little  bulgings  or  pouches.  In  the  Sacculated 
form  there  has  usually  been  a  more  local  agent  at  work.  The 
most  typical  sacculated  dilatations  are  found  in  fibroid  phthisis,  but 
may  be  produced  also  by  any  cause  which  induces  shrinking  or  non- 
expansion  of  the  lung  tissue  (see  Fig.  367). 

In  the  sacculated  form  the  dilated  tubes  assume  the  characters 
of  cavities,  which  may  be  difficult  to  distinguish  from  cavities  taking 
origin  in  destruction  of  lung  tissue.  This  difficulty  arises  in  cases  of 
tuberculosis,  which  form  the  largest  proportion  of  the  cases  of  saccu- 
lated bronchiectasis.  As  a  general  rule  the  bronchiectatic  cavity  has  a 
distinct  lining  membrane,  but  this  is  not  always  the  case,  and  no 
cavity  should  be  definitely  distinguished  as  bronchiectatic  unless  a 
direct  continuation  with  an  open  bronchus  is  distinguishable. 

The  microscopic  structure  of  the  wall  of  a  bronchiectasis  varies 
considerably  according  to  the  causation.  Where  there  is  much  in- 
flammation, and  more  particularly  in  the  cylindrical  form,  the 
structures  of  the  wall  will  be  largely  replaced  by  a  highly  cellular 
tissue,  in  the  midst  of  or  beneath  which  some  of  the  normal  structures 
may  remain,  such  as  muscular  bundles.  In  the  cases  of  complementary 
dilatation  there  is  much  greater  persistence  of  the  normal  tissues, 
mostly  thinned  by  the  stretching  and  chronic  inflammation.  The 
basement  membrane  is,  for  the  most  part,  preserved  in  cases  of  this 
sort.  The  presence  of  epithelium  lining  the  cavity  is  not  a  good 
criterion  for  the  diagnosis  of  bronchiectasis,  because  on  the  one 
hand  epithelium  may  grow  over  the  surface  of  cavities  of.  other 
origin,  and  on  the  other  hand  the  epithelium  of  a  true  bronchiectasis 
may  be  entirely  destroyed  and  trie  mucous  membrane  replaced  by 
granulation  tissue. 

As  the  secretion  stagnates  in  dilated  bronchi  whether  cylindrical 
or  sacculated  there  is  commonly,  during  life,  at  intervals  an  abundant 
expectoration,  which  is  often  of  a  highly  putrid  character. 

III.  Tumours  of  the  bronchi  and  Foreign  bodies.— Cancer  not 
infrequently  occurs,  originating  in  the  mucous  glands  of  the  bronchi, 
although  the  resulting  tumour  has  rather  the  characters  of  cancer 
of  the  lung.    (See  under  Cancer  of  the  Lung.) 

The  bronchi  are  not  infrequently  involved  in  tumours  growing 
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into  the  lungs  along  the  connective  tissue  which  accompanies  the 
great  vessels  and  bronchi.  This  applies  more  particularly  to  medi- 
astinal sarcomas  which  often  incorporate  the  bronchi  in  their  substance 
and  cause  obstruction.  Obstruction  of  bronchi  with  stagnation  of  the 
contents  and  bronchiectasis  are  often  prominent  features  in  such  cases. 

The  bronchi  also  take  part,  often  very  markedly,  in  tuberculosis 
of  the  lungs. 

Foreign  bodies  in  the  bronchi  give  rise  to  lesions  which  often  affect 
the  lung  as  a  whole  and  may  lead  to  appearances  and  symptoms  very 
like  those  of  phthisis  pulmonalis.  When  a  foreign  body  of  some  size 
passes  down  the  trachea  and  lodges  in  one  of  the  larger  bronchi,  it 
becomes  a  centre  of  irritation.  It  irritates  the  bronchial  wall,  making 
for  itself  a  cavity  whose  internal  wall  is  ulcerated  and  discharges  pus. 
The  discharge  stagnates  in  the  cavity  and  decomposes,  and  as  it  is  in 
direct  communication  with  the  bronchial  tree,  it  is  liable  to  be  in- 
sufflated into  the  finer  bronchi  and  even  into  the  lung  alveoli.  The 
whole  bronchial  mucous  membrane  is  converted  into  an  inflamed  and 
discharging  surface,  and  the  discharge  is  of  a  highly  putrid  character. 
Thus  arise  some  cases  of  so-called  Foetid  bronchitis.  The  inflammation 
of  the  bronchial  wall  renders  it  less  resistant  and  bronchiectasis  often 
results,  the  putrid  fluid  stagnating  in  the  dilated  bronchi.  There  are 
thus  cavities  formed  which  may  ulcerate  and  imitate  those  of  phthisis. 
In  the  lung  tissue  itself  there  may  be  developed  an  acute  or  a  chronic- 
inflammation,  the  former  having  the  characters  of  an  acute  phthisis 
and  the  latter  more  those  of  a  chronic  fibroid  phthisis.  The  difference 
in  the  result  will  depend  to  some  extent  on  the  character  of  the  foreign 
body.  If  it  be  a  decomposable  substance,  such  as  a  piece  of  meat  or 
of  bone  with  meat  attached,  it  is  more  liable  to  lead  to  acute  symp- 
toms, while  if  the  body  is  in  itself  inert  the  results  may  be  more  chronic. 

These  remarks  are  chiefly  based  on  cases  observed  by  the  author,  who  is 
impressed  by  the  frequency  of  serious  disease  of  the  lungs,  resembling  phthisis 
in  many  cases,  brought  about  by  foreign  bodies  in  the  bronchial  tubes.  A  fuller 
account  of  two  such  cases  is  given  by  the  author  in  his  Lectures  on  Phthisis. 

Literature. — Biermer,  Krankh.  d.  Bronchien  u.  d.  Lungenparench.,  Virch.  Handb., 
v.,  1854;  and  on  Bronchial  asthma,  in  German  Clin.  Lect.  (Syd.  Soc),  1876; 
Gairdner,  On  bronchitis,  1850 ;  Greenhow,  On  bronchitis,  2nd  ed.,  1878 ;  Peacock, 
(Fibrinous  bronchitis)  Path,  trans.,  v.  41,  1853;  Salter,  ibid.,  xi.,  3(3,  1860; 
PkiEciEL,  Ziemssen's  Handb.,  iv. ;  Socoleff,  Virch.  Arch.,  lxix. ,  1877;  Hamilton, 
Path,  of  bronchitis,  etc.,  1883;  Carswell,  (Bronchiectasis)  Illustrations,  1833-38; 
JuitciENSEN,  in  Ziemssen's  Handb.,  v. ;  Heller,  Deutsch.  Arch.  f.  klin.  Med.,  18b5  ; 
Auld,  Bronchial  affections,  Pneumonia,  etc.,  1891 ;  Leyden,  (Charcot's  crystals 
in  asthma)  Virch.  Arch.,  liv.,  1872;  Opitz,  Fremde  Korper  in  Luftwegen,  1858; 
Coats,  in  Gairdner  and  Coats,  Lect.  to  pract.,  1888. 
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SECTION  IV.— Continued. 
D.— THE  LUNGS. 

D.  — Of  the  Lungs.     Introduction,   as   to  structure.     I.  Malformations.  II. 

Atelectasis  and  Collapse.    III.  Hypertrophy.    IV.  Pulmonary  Emphysema, 

1.  Interlobular;  2.  Vesicular;  causation,  either  substantive  or  comple- 
mentary ;  anatomical  changes,  involving  atrophy  ;  effects  of  emphysema. 
V.  Disorders  of  Circulation.  1.  Active  hyperemia  ;  2.  Passive  hyperemia, 
chiefly  from  cardiac  lesions  and  hypostatic  ;  leads  to  oedema  ;  3.  Embolism  ; 
4.  Haemorrhage  ;  the  Infarction,  etc.  VI.  Inflammations.  General  observa- 
tions. 1.  Acute  lobar  pneumonia  ;  causation  ;  epidemic  prevalence.  Stages 
of  Engorgement,  Red  and  Grey  Hepatization,  and  Resolution  ;  occasional 
Purulent  infiltration,  etc. ;  Condition  of  pleura  ;  2.  Acute  broncho-pneumonia 
or  capillary  bronchitis  ;  3.  Septic  Broncho-pneumonia  ;  4  Diphtheritic  pneu- 
monia ;  5.  Embolic  pneumonia  ;  6.  Chronic  pneumonia,  characterized  by 
induration.  VII.  Gangrene.  VIII.  Phthisis  pulmonalis.  1.  Definition  and 
historical  resume ;  2.  Causation ;  3.  Anatomical  changes  in  (a)  Caseous 
form,  and  (6)  Fibroid  form  ;  4.  Extension  of  the  tuberculosis  ;  5.  Healing 
process  ;  6.  Haemorrhage,  {a)  early,  and  (b)  late ;  7.  Condition  of  pleura — 
pleurisy  and  pneumothorax;  8.  General  effects.  IX.  Diseases  from  inhala- 
tion of  dust.  X.  General  Tuberculosis,  Syphilis,  etc.  XI.  Tumours  and 
Parasites. 

E.  — Of  the  Pleura.     1.  Affections  of  the  circulation;  2.  Acute  pleurisy;  3. 

Chronic  pleurisy  ;  Pleural  adhesions ;  4.  Tuberculosis ;  5.  Pneumothorax  ; 
6.  Tumours. 

INTRODUCTION — In  examining  the  lungs  after  death  we  seldom 
meet  with  them  in  a  perfectly  normal  condition.  They  may 
be  abnormally  adherent  to  the  wall  of  the  thorax,  or  unduly 
pigmented,  or  there  may  be  cicatrices  in  them,  or  oedema,  and  so  on. 
The  explanation  of  this  is  that  the  lungs  are  peculiarly  exposed  to 
deleterious  influences  in  two  directions.  The  air  passing  into  them 
is  apt  to  carry  irritating  materials  with  it,  and  the  blood  circulating 
so  richly  through  their  tissue  is  liable  to  variations  in  its  constitution 
and  degree  of  pressure.  We  have  already  seen,  for  instance,  that 
organic  disease  of  the  heart  has  serious  effects  on  the  pulmonary 
circulation,  but  apart  from  that,  simple  weakness  of  the  heart  may, 
as  we  shall  afterwards  see,  have  important  effects  on  the  lung.  It 
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must  not  be  forgotten  also  that  there  is  no  organ  of  the  body 
whose  tissue  is  so  intimately  related  to  its  blood-vessels  as  the 
lungs.  These  organs  are  little  more  than  a  congeries  of  blood- 
vessels with  a  sufficient  supporting  stroma.  Any  deleterious  substance 
circulating  in  the  blood,  therefore,  is  very  prone  to  affect  the  lungs, 
especially  if  there  be  any  special  weakness  in  this  direction.  We 
have  abundant  illustration  of  this  in  the  frequency  of  lung  com- 
plications in  the  acute  fevers. 

There  are  one  or  two  points  in  the  anatomical  relations  of  the 
lungs  which  should  be  kept  in  mind.  They  are  supplied  with  two 
different  sets  of  blood-vessels,  those  of  the  Pulmonary  artery  on 
the  one  hand,  and  of  the  Bronchial  artery  on  the  other.  We  should 
remember  the  distribution  of  these,  and  not  confuse  effects  due  to 
obstruction  of  the  one  with  those  due  to  obstruction  of  the  other. 
Then  we  speak  of  diseases  affecting  the  Respiratory  surface  on  the 
one  hand,  and  the  Supporting1  structures  on  the  other  ;  that  is  to 
say,  there  are  some  diseases  which  affect  the  surfaces  of  the  liner 
bronchi  and  of  the  alveoli,  while  others  involve  the  walls  of  the 
alveoli  and  of  the  bronchi  and  their  supporting  connective  tissue. 
It  is  true  that  these  two  are  generally  involved  together,  but  in 
different  cases  the  one  or  the  other  is  primarily  concerned,  and 
usually  retains  the  lead.  It  is  obvious  that  to  a  certain  extent  the 
determining  cause  of  the  disease  will  have  something  to  do  with 
this.  An  agent  which  acts  by  being  carried  into  the  lungs  with 
the  air  will  mostly  affect  the  surface  of  the  alveoli  and  bronchi  in 
the  first  place,  whereas  an  agent  arriving  by  the  blood  will  be 
more  apt  to  attack  the  walls.  We  shall  see,  however,  that  to 
this  there  are  important  exceptions,  because,  on  the  one  hand,  the 
capillary  vessels  have  very  close  relations  with  the  surface  of  the 
alveoli,  and,  on  the  other  hand,  substances  arriving  from  without 
very  readily  penetrate  into  the  substance  of  the  lung.  A  more 
important  consideration  arising  from  the  anatomical  relations  has 
reference  to  the  distribution  of  a  lesion  in  larger  or  smaller  districts 
of  the  lung.  When  a  disease  is  one  primarily  of  the  parenchyma 
of  the  lung,  then  we  should  expect  it  to  be  distributed  over  a  large 
extent  of  lung  tissue  or  over  the  whole  ;  the  disease  will  be  Lobar. 
But  if  the  disease  is  one  primarily  of  the  bronchi  and  affects  the 
alveoli  secondarily,  then  we  should  expect  it  to  extend  to  the 
proper  lung  tissue  more  irregularly,  here  and  there  an  extension 
corresponding  with  a  particular  minute  bronchus  ;  the  disease  will 
be  Lobular. 

The  Lymphatics  of  the  lung  are  important  as  they  often  convey 
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different  kinds  of  solid  particles  and  are  the  means  of  dissemination 
of  these.  The  lymphatics  are  present  wherever  connective  tissue 
exists.  They  exist  in  the  walls  of  the  alveoli  and  in  the  interlobular 
tissue,  in  the  subpleural  tissue,  and  in  the  connective  tissue  around 
the  bronchi  and  vessels,  where  they  form  the  peribronchial  and 
perivascular  lymphatics.  The  internal  surface  of  the  alveoli  is  closely 
related  to  the  lymphatics,  so  that  solid  particles  readily  pass  from 
the  alveoli  into  the  lymphatics  and  may  be  carried  thence  through- 
out the  lymphatic  system  of  the  lung,  and  onwards  to  the  bronchial 
lymphatic  glands.    (See  under  Inhalation  of  Foreign  Substances.) 

I.  — MALFORMATIONS  OF  THE  LUNG. 

These  are  not  infrequent,  but  are  mostly  of  minor  importance. 
Apart  from  absence  and  exceeding  smallness  of  one  or  both  lungs, 
which  occur  as  parts  of  general  malformations,  there  are  cases 
where  single  lobes  have  been  wanting,  and  their  place  taken  by 
cicatricial  tissue.  These  have  probably  their  origin  in  obliteration 
•of  a  bronchus  in  early  foetal  life.  Again,  the  lungs  may  be  normal 
in  form,  but  very  small  in  size.  In  such  cases  the  whole  body,  and 
especially  the  circulatory  system,  will  remain  ill-developed. 

It  is  not  uncommon  to  meet  with  abnormal  lobulation  of  the 
lungs,  the  regular  lobes  being  divided  by  the  formation  of  deep 
fissures.  Kokitansky  has  described  a  case  in  which  an  accessory 
lobe  existed  between  the  base  of  the  left  lung  and  the  diaphragm, 
and  quite  separate  from  the  lung.    It  had,  however,  no  bronchus. 

II. — ATELECTASIS  AND  COLLAPSE  OF  THE  LUNG. 

These  names  designate  conditions  in  which  the  lung  alveoli  and 
finer  bronchi  contain  no  air,  but  are  in  a  condition  similar  to  that 
of  the  foetal  lung  before  inflation,  the  internal  surfaces  of  the  alveoli 
being  applied  to  each  other.  It  may  be  a  survival  of  the  foetal 
state,  or  it  may  be  subsequently  produced  by  the  alveoli  being,  in 
some  way,  emptied  of  their  air. 

Atelectasis. — In  its  strict  sense  this  term  is  applied  to  an  imperfect 
expansion  of  the  lung  at  birth.  It  is  frequently  found  in  new-born 
children,  being,  indeed,  a  survival  of  the  foetal  state.  The  lungs 
have  to  a  greater  or  less  extent  remained  uninflated.  The  non- 
inflation  may  be  due  to  some  obstruction  in  the  bronchi,  by  meconium 
or  mucus,  but  in  most  cases  it  is  merely  due  to  the  weakness  of 
the  inspiratory  efforts.  The  new-born  child  usually  cries  lustily, 
and  in  the  deep  inspiratory  gasps  between  the  cries  the  lungs  are 


ATELECTASIS  AND  COLLAPSE  OF  THE  LUNG. 


737 


fully  inflated.  But  if  the  child  be  weak  or  has  not  cried  freely, 
certain  parts  of  the  lungs  are  apt  to  remain  devoid  of  air.  The 
atelectasis  of  the  new-born  is  most  frequent  in  the  lower  lobe,  and 
in  the  posterior  parts  of  this  lobe.  It  may  be  only  in  small  areas 
in  the  midst  of  the  inflated  lung  tissue,  or  the  greater  part  of  a 
lobe,  or  the  whole  lobe  may  be  affected.  In  any  case  the  non- 
inflated  part  usually  shows  by  its  shape  that  it  is  the  district 
supplied  by  one  or  more  bronchi. 

The  atelectasis  shows  itself  by  the  smaller  volume  of  the  part. 
If  it  is  in  the  midst  of  inflated  lung  it  is  depressed  below  the 
surface.  Like  the  fcetal  lung,  it  is  redder  than  the  normal,  firmer 
to  the  touch,  and  non-crepitant  when  handled.  It  is  important  to 
distinguish  this  condition  from  condensation  of  the  lung,  for  which 
it  is  liable  to  be  mistaken.  In  both  conditions  the  lung  is  devoid  of 
air,  but  in  the  case  of  condensation  it  is  so  because  the  air  spaces  are 
filled  up  with  solid  material,  usually  inflammatory  exudation. 

There  is  no  doubt  that  a  lung  which  was  partly  atelectatic  im- 
mediately after  birth  may  subsequently  become  perfectly  inflated. 
On  the  other  hand,  there  is  reason  to  believe  that,  if  the  atelectasis 
persist  long,  the  lung  becomes  incapable  of  inflation.  If  the  child 
survive,  the  applied  walls  of  the  lung  alveoli  adhere  and  an  actual 
obliteration  of  the  latter  occurs.  The  part  gradually  atrophies,  and 
it  has  been  supposed  that  cicatrices  sometimes  seen  in  the  adult 
lung  and  without  any  obvious  cause  may  have  this  origin. 

Bronchiectasis  occurs  in  consequence  of  the  atelectasis,  the  bronchi 
dilating  to  fill  up  the  space  left  by  the  non-inflation,  so  that  the 
bronchiectasis  is  complementary  (see  Fig.  3G7).  In  a  case  observed 
by  the  author,  and  referred  to  further  on  under  Hypertrophy  of  the 
Lung,  the  greater  part  of  one  lung  had  failed  to  inflate,  and  the 
bronchial  tubes  were  dilated  into  considerable  sacs. 

The  question  arises  here  whether,  after  inflation  of  the  lung,  portions  or  the 
whole  may  again  collapse.  We  shall  see  immediately  that  collapse  occurs  in 
the  adult,  and  there  is  no  reason  to  suppose  that  it  does  not  occur  in  the  new- 
born infant.  There  are  undoubted  cases  of  children  who  have  lived  over  twenty- 
four  hours  and  have  cried,  in  whose  bodies  the  lungs  have  been  found  with  only 
an  island  here  and  there  of  inflated  lung. 

Collapse  of  the  lung  or  Apneumatosis. — This  is  an  emptying  of 
the  lung  of  air  at  any  time  after  its  expansion.    In  some  cases  it 
:  is  due  to  direct  Compression  of  the  lung  ;  the  air  is  simply  squeezed 
1  out  of  it.    Usually  this  arises  from  the  presence  of  fluid  or  air  in 
the  pleural  cavity.    In  that  case  the  air  vesicles  may  be  only  partly 
emptied  and  may  readily  recover.     But  if  the  exudation  is  great 
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and  remains  long,  then  the  lung  may  be  pressed  upwards  and  back- 
wards and  come  to  form  merely  a  red  fleshy  layer  flattened  against 
the  chest  wall.  This  condition  is  often  called  Carnification,  and  in 
it  the  tissue  appears  darkly  pigmented,  the  absence  of  blood  and 
the  packing  together  of  the  lung  tissue  exaggerating  the  existing 
carbonaceous  pigmentation.  The  cause  mentioned  above  is  by  far 
the  most  frequent  in  producing  collapse  by  pressure,  but  there  are 
others.  Curvature  of  the  spine  sometimes  causes  such  a  narrowing 
of  a  part  of  the  chest  that  the  lung  is  squeezed  or  collapsed. 
Aneurysms  or  tumours  may  also  compress  the  lung,  but  they  more 
frequently  cause  collapse  by  obstructing  the  bronchi.  Even  dis- 
tension of  the  abdomen,  by  pressing  the  diaphragm  upwards  and 
limiting  the  chest  space,  may  cause  a  partial  collapse.  A  great 
distension  of  the  pericardium  may  have  a  similar  effect. 

A  very  important  cause  of  collapse  is  Obstruction  of  bronchi.  A 
limited  collapse  is  exceedingly  frequent  in  bronchitis,  especially  in 
children.  The  collapse  very  often  appears  in  the  form  of  small 
wedge-shaped  depressions  at  the  edges  of  the  lungs,  and  may  be 
almost  concealed  by  neighbouring  emphysematous  lung.  But  some- 
times, especially  in  children,  the  collapse  may  be  much  more 
extensive. 

One  mode  in  which  this  collapse  occurs  has  been  described  by  Gairdner.  If 
a  pellet  of  mucus  obstructs  a  bronchus  it  may  act  to  a  certain  extent  like  a 
ball  valve  ;  it  is  pushed  out  into  the  larger  tube  during  expiration,  and  being 
drawn  back  against  the  bifurcation  in  inspiration  stops  the  tube.  In  this  way 
the  escape  of  air  during  expiration  is  allowed,  but  the  entrance  of  air  during 
inspiration  prevented.  The  respiratory  movements  will  thus  act,  to  a  certain 
extent,  like  an  air  pump,  and  the  portion  of  lung  tissue  concerned  will  be 
gradually  emptied  of  air. 

Another  way  in  which  collapse  probably  occurs  when  a  bronchus  is  obstructed 
has  been  demonstrated  by  Lichtheim.  It  is  to  be  remembered  that  the  lung- 
tissue  is  elastic,  and  that  left  to  themselves  the  alveoli  collapse  and  their  walls 
apply  themselves  together.  If  a  bronchus  be  obstructed,  and  communication 
with  the  external  air  withdrawn,  the  elasticity  of  the  lung  tissue  will  cause 
pressure  to  be  exercised  on  the  air  contained  in  the  alveoli,  and  absorption  of 
its  gases  will  be  thus  promoted.  It  has  been  proved  that  such  absorption  actually 
occurs  somewhat  rapidly,  first  of  the  oxygen,  then  of  the  carbonic  acid,  the 
nitrogen  being  slowest  of  absorption.  The  lung  of  course  collapses  as  the  air  is. 
absorbed. 

It  has  just  been  stated  that  collapse  from  bronchial  obstruction  is  most  common 
in  the  bronchitis  of  children,  but  it  is  necessary  to  observe  that  in  children,  in 
whom  the  form  called  capillary  bronchitis  is  common,  this  disease  is  often 
accompanied  by  a  condition  which  is  apt  to  be  mistaken  for  collapse,  namely, 
lobular  condensation.  The  inflammatory  process  in  the  bronchi  readily  passes 
in  children  to  the  lung  alveoli,  and  the  products  fill  these  up,  causing  condensa- 
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tion  of  a  portion  of  the  tissue  which  has  a  wedge-shaped  configuration  similar  to 
that  of  the  collapsed  portion.  Of  course,  these  two  conditions  may  co-exist  in 
the  same  lung,  or  we  may  even  have  a  combination  of  them,  the  collapsed 
lung  becoming  the  seat  of  inflammation,  and  so  passing  into  the  condition  of 
condensation. 

Literature. — Heller,  D.  Arch.  f.  klin.  Med.,  xxxvi.  ;  Coats,  Trans,  of  Clin.  Soc. 
of  Lond.,  1884;  Gairdner,  On  bronchitis,  1850  ;  Lichtheim,  Arch.  f.  exper.  Path., 
1879. 

Ill  — HYPERTROPHY  OF  THE  LUNG. 

This  occurs  as  a  Compensatory  process  perhaps  more  frequently 
than  is  usually  supposed.  There  is  evidence  to  show  that  in  persons 
who  go  to  reside  in  high  altitudes,  the  chest  increases  in  size,  the 
greater  requirements  of  the  attenuated  air  apparently  inducing 
increased  respiratory  movement  and  by  degrees  a  permanent  en- 
largement of  the  lung.  It  is  also  probable  that  in  cases  of  phthisis 
which  recover  with  loss  of  a  certain  portion  of  lung  substance,  the 
loss  may  be  partly  made  good  by  a  true  hypertrophy  of  the  lung, 
although  there  is  also  observed  in  such  cases  an  emphysema  by 
which  the  space  is  filled  up  without  a  proper  hypertrophy.  Hyper- 
trophy in  cases  of  phthisis  will  be  promoted  by  residence  at  a 
high  altitude. 

An  unequivocal  compensatory  hypertrohy  of  the  lung  occurs  in 
consequence  of  atelectasis.  There  may  be  in  this  case  a  great 
enlargement  of  the  expanded  lung  so  as  partly  to  fill  the  place  of 
the  non -expanded  part.  In  such  cases  there  is  not  probably  any 
numerical  increase  of  lung  alveoli,  but  these  are  enlarged,  their 
walls  expanded,  and  the  capillaries  elongated  or  multiplied. 

A  case  occurred  to  the  author  which  distinctly  manifested  the  characters 
mentioned  above.  The  left  lung  was  of  very  small  dimensions,  especially  the 
upper  lobe,  which  appeared  merely  as  a  membranous  structure  in  which  dilated 
bronchi  could  be  felt.  There  was  no  pigment  in  this  lobe,  and  not  a  trace  of 
lung  parenchyma.  The  lower  lobe  contained  the  ordinary  carbonaceous  pigment 
in  limited  amount,  and  was  greatly  reduced  in  size. 

The  right  lung  was  of  very  unusual  volume,  extending  across  the  middle  line, 
so  that  its  edge  reached  beyond  the  left  nipple.  The  enlargement  seemed  to  be 
due  to  an  addition  of  lung  tissue  which  threw  forward  the  anterior  parts.  The 
supra-clavicular  part  of  the  lung  was  normal,  and  its  anterior  border  indicated 
the  position  of  the  normal  anterior  margin.    Below  and  beyond  this,  however, 

1  the  lung  extended  into  the  other  half  of  the  chest.  This  part  of  the  lung  had 
not  the  appearances  of  emphysema,  but  was  bulky  and  consisted  of  sound  pul- 
monary tissue.  The  right  ventricle  of  the  heart  was  greatly  enlarged,  and  the 
pulmonary  artery  showed  a  remarkable  thickening  of  its  wall,  there  being  scarcely 

i  any  difference  between  it  and  the  aorta. 
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The  absence  of  pulmonary  tissue  in  the  upper  lobe  of  the  left  lung  indicated 
that  the  collapse  had  been  of  long  standing,  and  the  entire  absence  of  pigment 
showed  that  if  not  congenital  it  had  occurred  in  very  early  life.  The  enlargement 
of  the  right  lung  was  thus  compensatory,  dating  from  a  period  when  the  organ 
was  in  a  state  of  growth.  The  compensation  seems  to  have  been  somewhat 
effective,  as  the  person  lived  to  the  age  of  46,  and  it  was  only  during  the  later 
months  of  his  life  that  he  suffered  from  serious  dyspnoea,  followed  by  signs  of 
venous  engorgement.  The  remarkable  thickening  of  the  pulmonary  artery  without 
any  appearance  of  atheroma,  also  seems  to  point  to  a  compensatory  hypertrophy  of 
the  right  ventricle  during  the  period  of  growth,  the  vessel  in  its  growth  accom- 
modating itself  to  the  increased  blood-pressure.  It  may  be  added  that  the  left 
pulmonary  artery  had  only  about  a  third  of  the  calibre  of  the  right,  but  the 
main  bronchus  was  of  equal  size  on  the  two  sides.  A  somewhat  similar  case 
is  described  by  Recklinghausen. 

Literature. — Coats,  Lect.  to  pract.,  1888  ;  Schuchardt  und  Recklinghausen, 
Virch.  Arch.,  ci.,  1885,  p.  71. 

IV.— PULMONARY  EMPHYSEMA. 

This  name  includes  two  distinct  lesions,  in  one  of  which  air  escapes 
into  the  connective  tissue  of  the  lung  and  distends  the  connective- 
tissue  spaces,  while  in  the  other  the  alveoli  are  over-distended  and 
various  other  changes  result,  but  the  air  does  not  escape,  from  its 
natural  chambers.  It  will  be  seen  that  the  first  form  is  comparable 
with  surgical  or  cutaneous  emphysema,  while  the  second  is  essentially 
different. 

1.  Interlobular  or  Interstitial  emphysema.—  This  form,  which  is 
rare,  occurs  when  the  air  vesicles  or  bronchi  are  ruptured  and  the 
air  escapes  into  the  interstitial  tissue.  The  air  vesicles  may  be 
actually  torn  open  by  a  broken  rib  coming  against  the  lung,  or  by 
the  lung  being  directly  wounded.  On  the  other  hand,  the  air 
vesicles  may  rupture  from  acute  over-distension.  Thus  it  may  be 
the  result  of  very  violent  expiratory  efforts,  generally  with,  but 
sometimes  without,  obstruction  of  the  air  passages.  It  has  been  met 
with  in  whooping-cough,  in  diphtheria,  and  in  violent  coughing  from 
the  inhalation  of  irritating  material.  The  violent  efforts  with  closed 
glottis  cause  such  compression  of  the  air  in  the  alveoli  that  at  some 
place  the  vesicles  rupture. 

As  the  parts  are  seen  after  death  the  air  appears  in  the  form  of  minute 
rows  of  bead-like  bubbles,  visible  through  the  pleura.  These  rows  of 
beads  demarcate  the  lobules.  Occasionally  there  are  larger  bullae,  which 
have  been  known  to  rupture  externally,  and  so  lead  to  pneumothorax. 

The  air  sometimes  travels  along  the  connective  tissue  for  some  distance,  just 
as  in  the  case  of  Subcutaneous  or  Surgical  emphysema.  It  may  pass  to  the  root 
of  the  lung,  and  from  there  up  along  the  trachea  and  out  to  the  subcutaneous 
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tissue  of  the  neck,  and  so  lead  to  a  surgical  emphysema.  This  has  in  some 
cases  induced  a  mistake  in  diagnosis,  as  Virchow  has  pointed  out.  Interlobular 
emphysema  sometimes  occurs  in  diphtheria,  and  may  lead  to  subcutaneous  emphy- 
sema in  the  way  just  mentioned.  But  if  tracheotomy  has  been  performed,  it  may 
be  thought  that  the  emphysema  has  taken  origin  in  the  wound. 

An  unusual  cause  of  interstitial  emphysema  was  that  in  a  case  observed  by  the 
author,  in  which  a  tuberculous  gland  burst  into  a  bronchus.  The  rupture  of  the 
bronchus  allowed  of  the  passage  of  air  to  the  parts  outside  the  tube,  and  the 
air  inflated  the  connective  tissue  of  the  lung  on  the  one  hand,  and  on  the  other 
hand  extended  up  to  the  neck  and  chest,  producing  a  subcutaneous  emphysema. 

2.  Vesicular  emphysema. — In  this  condition  the  air  vesicles  arc 
over-distended,  and,  by  partial  atrophy  of  their  walls,  to  some  extent 
coalesced,  but  without  any  actual  tearing  of  them. 

Causation  of  emphysema. — -There  have  been  differences  of  opinion 
as  to  the  exact  manner  in  which  the  over-distension  is  brought  about. 
On  the  one  hand,  Gairdner  asserted  that  it  was  produced  during 
inspiration,  while  Jenner  held  that  it  was  due  to  the  expiratory 
force.  Probably  each  of  these  has  its  influence,  and  the  cases  may 
be  divided  according  as  they  are  due  to  repeated  and  severe  expira- 
tory efforts  as  in  coughing  (Substantial  emphysema),  or  to  inspiratory 
distension,  acting  especially  on  one  part  in  consequence  of  another 
part  being  uninflated  (Complementary  or  Vicarious  emphysema).  In  the 
former  case  we  have  a  more  generalized  and  in  the  latter  a  more 
localized  emphysema. 

Substantial  or  Substantive  emphysema  is  due  to  over  distension 
during  expiration.  When  the  glottis  is  closed,  and  Expiration 
violently  performed,  the  air  in  the  vesicles  will  be  at  an  in- 
creased pressure.  The  expiratory  effort  is  produced  by  the  muscles 
causing  the  moveable  walls  of  the  chest  to  be  pressed  against  the 
lung.  The  contraction  of  the  abdominal  muscles  presses  the 
diaphragm  upwards,  while  the  ribs  are  depressed.  The  lung  is  thus 
compressed,  but  at  the  same  time  it  is  supported  by  the  structures 
which  compress  it,  and  the  same  force  that  increases  the  pressure 
helps  the  lung  tissue  to  resist  it  by  increasing  the  support.  When 
the  glottis  is  closed  the  whole  lung  may  be  regarded  as  one  cavity, 
and  the  pressure  will  be  universally  diffused.  It  may  be  expected, 
therefore,  that  if  any  part  of  the  lung  be  insufficiently  supported 
the  distensile  force  will  tell  especially  there.  The  question  therefore 
arises,  Are  there  any  parts  where  the  lung  is  not  fully  supported  by 
the  chest  walls  1  If  a  deep  breath  be  taken,  the  glottis  closed,  and 
the  act  of  expiration  vigorously  performed  for  a  few  seconds,  we  find 
in  our  own  feelings  indications  that  the  lungs  are  over-distended, 
mainly  in  the  anterior  parts  and  the  parts  above  the  clavicles.  We 
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can  easily  understand  how  this  should  be.  The  anterior  part  of  the 
chest,  by  reason  of  the  flexibility  of  the  costal  cartilages,  is  more 
movable  than  the  rest  of  it,  and  the  anterior  edges  of  the  lungs,  as 
we  can  see  in  an  animal  whose  chest  is  laid  open  while  artificial 
respiration  is  carried  on,  have  very  free  play.  Then,  above  the 
clavicle  the  lung  is  obviously  less  supported  than  where  the  chest 
has  bony  walls.  AVe  shall  see  afterwards  that  these,  with  one  or 
two  other  parts,  are  those  in  which  emphysema,  when  due  to  fre- 
quent expiratory  efforts,  occurs  most  typically. 

It  will  be  obvious  that,  if  the  lung  tissue  has  lost  in  elasticity,  permanent 
dilatation  of  the  air  vesicles  will  occur  more  easily,  and  will  readily  extend  to 
parts  more  fully  supported  than  those  mentioned.  In  Senile  Emphysema,  to  be 
afterwards  referred  to,  there  is  a  loss  of  elasticity  from  the  atrophy  of  old  age. 
But  there  seems  to  be  in  some  cases  a  general  loss  of  elasticity,  and  it  appears 
as  if  such  a  condition  were  hereditary  to  some  extent.  It  is  true  that  frequent 
over-distension  will  cause  atrophy  of  the  elastic  tissue  of  itself,  but  it  is  quite 
apparent  that  in  many  individuals  there  is,  to  begin  with,  less  elastic  tissue,  or 
it  is  less  resistant,  and  so  we  have  a  predisposition  to  emphysema,  sometimes 
inherited.  A  similar  loss  of  elasticity  may  be  induced  by  disease,  as  in  a  case 
by  Hertz  in  which  a  cornet  player  developed  a  marked  emphysema  after  an  attack 
of  pneumonia. 

Emphysema  is  liable  to  occur  when  frequent  and  violent  expiratory 
efforts  are  made  with  closed  glottis.  Coughing  implies  such  efforts, 
and  it  is  chiefly  in  diseases  where  coughing  is  a  prominent  feature 
that  we  are  to  look  for  emphysema  from  this  cause.  It  is  met  with 
pre-eminently  in  bronchitis.  It  also  occurs  in  Avhooping-cough, 
occasionally  in  croup,  and  even  in  the  violent  expiratory  efforts  of 
parturition.  As  chronic  bronchitis  is  specially  a  disease  of  more 
advanced  life,  we  may  expect  that  a  preliminary  atrophy  of  the 
lung  tissue,  implying  a  loss  of  elastic  tissue,  plays  an  important 
part  in  the  production  of  emphysema  in  a  large  number  of  cases. 

Complementary  or  Vicarious  emphysema  arises  in  consequence  of 
over-distension  during  inspiration.  If  a  part  of  the  lung  does  not 
distend  fully  in  inspiration,  there  must  either  be  a  falling  in  of 
the  chest  to  a  corresponding  extent,  or  else  an  over-distension  of 
another  part  of  the  lung  in  order  to  fill  up  the  space.  To  what 
extent  one  or  other  or  both  of  these  will  occur  is  determined  by 
circumstances,  chiefly  by  the  situation  of  the  insufficiently  distended 
part  and  the  time  occupied  in  the  occurrence  of  the  lesion. 

If  a  portion  of  the  lung  is  collapsed,  the  neighbouring  part  often 
undergoes  emphysematous  distension.  It  occurs  thus  in  bronchitis, 
and  the  wedges  of  collapse,  already  referred  to,  are  often  fringed 
with  emphysema.    We  see  it  also  around  cicatrices  in  phthisis,  or 
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along  with  bronchiectasis  in  fibroid  phthisis.  Emphysema  occurs 
sometimes  to  a  remarkable  extent  in  connection  with  general 
adhesions  of  the  lung,  and  the  emphysema  is  often  very  marked 
at  the  anterior  parts.  In  this  case  the  adhesions  prevent  the  for- 
ward movement  and  expansion  of  the  lung  during  inspiration,  and 
there  is  thus  an  over-distension  in  this  direction.  The  opposite  lung 
may  project  so  as  to  partly  fill  the  space,  and  its  edge  may  be 
also  emphysematous. 

Anatomical  changes  in  emphysema. — We  have  to  do  with  air  spaces 
of  irregular  shape  and  separated  by  partial  partitions,  and  as  the 
distensile  force  acts  from  within,  its  tendency  is  to  distend  equally, 
and  so  render  the  spaces  globular.  The  ultimate  bronchial  tubes 
terminate  in  the  elongated  passages  called  from  their  shape  infundi- 
bula.    From  these  passages  open,  by  wide  apertures,  the  air  vesicles, 


Fig.  36S.— Section  of  the  lung  in  emphysema,  early  stage.    The  infundibula,  o,  a,  a, 
are  dilated,    x  100.  (Rindfleisch.) 

which  therefore  cluster  around  the  infundibula  and  are  mere  pouches 
out  from  them.  The  distensile  force  will  act  first  on  the  infundibulum 
with  its  system  of  air  vesicles,  causing  distension.  The  tendency  will 
be  to  render  the  outline  more  globular  and  the  cavity  simpler.  The 
partitions  separating  the  alveoli  atrophy  and  the  infundibulum  ex- 
pands into  a  simpler  cavity  {a  a  in  Fig.  3G8).  Thus  while  more 
space  is  occupied  there  is  less  respiratory  surface.  The  infundibulum 
continues  to  expand  and  meets  with  other  infundibula  undergoing  a 
similar  process.  By  mutual  pressure  the  adjoining  tissue  atrophies, 
and  the  infundibula  communicate  by  rounded  apertures.    The  larger 
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cavity  tends  to  become  simpler  by  atrophy  of  all  partitions  and 
septa,  and  so  the  process  goes  on  by  coalescence  of  neighbouring 
spaces  and  atrophy  of  the  partitions.  The  enlarged  air  spaces  thus 
produced  are  of  various  sizes,  up  to  considerable  vesicles  or  bullae. 

With  this  atrophy  there  is  great  loss  of  tissue  and  of  blood-vessels. 
Before  the  actual  destruction  of  the  blood-vessels  the  pressure  seems  to 
cause  obstruction  of  them  so  that  they  are  not  able  to  be  injected  and 
appear  as  white  cords.  It  is  stated  that  this  obstruction  is  effected  by 
the  formation  of  white  thrombi.  The  epithelium  for  the  most  part 
persists  in  the  distended  air  spaces,  but  it  is  frequently  in  a  state  of 
fatty  degeneration.  Of  most  importance  is  the  atrophy  of  the  elastic 
tissue,  because  on  this  account  the  lung  tissue  will  be  prevented  from 
collapsing  as  it  normally  does. 

The  lung1  as  a  whole  presents  alterations  consistent  with  those  in  its 
finer  structure.  In  general  emphysema,  when  the  chest  is  opened,  the 
lungs  are  seen  to  be  bulky  and  pale ;  they  do  not  retract  within  the 
chest,  and  they  give  to  the  hand  a  soft  downy  feeling.  They  scarcely 
crepitate  when  handled  and  when  pressed  on  the  surface  a  pit  is  left. 
These  characters  are  due  to  loss  of  elasticity,  which  renders  the  lung 
tissue  less  capable  of  retracting.  The  localization  of  the  lesion  is 
indicated  by  increase  of  bulk  and  change  of  colour,  the  affected  parts 
having  a  light  grey  or  pinkish  colour  mottled  with  spots  and  lines 
of  pigment.  Thus  the  Anterior  margins  are  unduly  voluminous,  and 
the  edges  rounded.  The  enlargement  is  often  somewhat  irregular  so 
that  pieces  are  partially  isolated  by  being  specially  enlarged.  This 
applies  more  particularly  to  the  Ear-shaped  piece  which  projects  from 
the  anterior  border  of  the  left  lung  corresponding  with  the  lower 
part  of  the  heart.  The  Base  also,  on  account  of  the  insufficient 
support  of  the  diaphragm,  frequently  shows  marked  evidences  of  em- 
physema, in  the  form  of  irregular  rounded  prominences,  and  the 
diaphragmatic  surface  of  the  lung  may  be  convex  instead  of  concave. 
This  is  especially  the  case  in  the  left  lung  where  the  diaphragm  is 
not  supported  by  a  solid  organ  as  it  is  on  the  right  side  by  the  liver. 
Again  the  enlargement  is  very  frequent  at  the  Apices.  It  has  been 
pointed  out  by  Jenner  that  the  right  lung  often  presents  a  special 
bulging  posteriorly  at  a  place  corresponding  to  the  space  behind  the 
trachea. 

The  localization  will  be  more  various  where  the  emphysema  is 
complementary,  and  in  that  case  will  depend  greatly  on  the  locality 
of  the  cause.  Thus  we  see  it  around  cicatrices  or  contracted  pieces 
of  lung,  but  in  nearly  all  cases  there  is  a  tendency  to  affect  especially 
the  anterior  parts. 
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In  all  these  places,  with  increase  of  bulk  in  general  there  is,  even  to 
the  naked  eye,  a  visible  enlargement  of  the  air  spaces.  Normally,  the 
individual  air  vesicles  are  scarcely  visible,  but  in  emphysema  the  ab- 
normal air  spaces  are  plainly  seen  through  the  pleura,  or  on  section 
(see  Fig.  369),  often  giving  a  frothy  appearance  from  the  size  of  the 
vesicles  and  the  delicacy  of  the  partitions. 
Beyond  this  we  may  have  all  degrees  of 
visible  enlargement  of  the  air  spaces  up  to 
considerable  bladders  as  large  as  an  egg.  On 
cutting  into  them  there  is  often  a  creaking, 
crisp  sound,  and  if  the  vesicles  are  large  they 
collapse  markedly. 

The  effects  of  emphysema. — The  lungs  are 
permanently  increased  in  bulk,  and  the  Capa- 
city of  the  chest  is  increased.  The  chest  is 
kept  more  or  less  in  the  condition  of  deep 
inspiration,  the  diaphragm  depressed  and  flat- 
tened, the  shoulders  elevated,  the  sternum 
pushed  forwards  and  outwards,  and  the  chest 
more  or  less  barrel-shaped.    The  heart  is  de- 

1    .  Fig.    369.— Emphysema  of 

pressed  along  with  the  diaphragm  and  placed    mm?,  natural  size.  The  dilated 

.  ,  .,       .      .  -i   •  -i     i  alveoli  are  visible. 

more  horizontally,  while  it  is  overlaid  by 

the  edges  of  the  lungs.  The  liver  is  pushed  downwards  by  the 
flattened  diaphragm. 

Emphysema  has  a  serious  Effect  on  the  circulation.  We  have  seen 
that  there  is  obstruction  and  destruction  of  the  blood-vessels  in  the 
lung,  with  the  result  of  producing  dyspnoea  from  insufficient  passage 
of  blood  through  the  lungs.  By  the  efforts  of  the  right  ventricle,  which 
commonly  shows  hypertrophy,  there  may,  for  a  time,  be  a  partial 
compensation.  But  as  time  goes  on  the  compensation  is  liable  to 
become  incomplete,  and  the  general  results  of  dilatation  of  the  right 
ventricle  and  general  venous  hyperemia  follow.  The  prolonged  strain 
will  try  the  muscle  of  the  heart  and  death  commonly  ensues  from 
heart-failure,  the  muscular  substance  being  not  uncommonly  found 
fatty. 

Senile  emphysema. — This  is  primarily  an  atrophy  of  the  lung  tissue 
corresponding  with  the  general  atrophy  of  old  age.  When  the  chest 
is  opened  the  lung  in  this  form  retracts  and  falls  backwards  against 
the  posterior  wall  of  the  chest.  Hence  the  name  applied  by  Jenner 
of  "  small-lung  emphysema."  The  normal  weight  of  the  lungs  is  about 
44J  ounces  in  the  male  and  35  ounces  in  the  female,  but  in  senile 
emphysema  they  may  be  only  two  thirds  of  this  weight.    The  air 
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vesicles  undergo  changes  similar  in  appearance  to  those  in  ordinary 
vesicular  emphysema ;  their  walls  atrophy  and  the  infundibula  coal- 
esce so  as  to  form  larger  cavities,  but  this  is  by  a  simple  process  of 
atrophy.  On  examining  the  lung  the  increased  size  of  the  air  spaces 
may  be  invisible  at  first,  but  if  the  lung  be  distended,  or  if  after 
laying  it  open  by  incision  it  be  floated  in  water,  the  large  vesicles 
become  visible.  As  old  people  are  specially  subject  to  bronchitis, 
senile  atrophy  may  strongly  predispose  to  the  more  ordinary  form 
of  emphysema. 

Literature. — Interlobular — Virchow,  Arch.  f.  wissensch.  Heilk.,  iii.  ;  Sachse, 
Virch.  Arch.,  li.,  1871;  Guterbock,  ibid.,  Iii.,  1871;  Coats,  Glasg.  Med.  Jour., 
xxxv.,  1891,  p.  424.  Vesicular — L.ennec,  Traite  d'auscult.  med.,  i.,  348;  Mendels- 
sohn, Der  Mech.  der  Resp.  u.  Circul.,  1845  ;  Gairdner,  Edinb.  Monthly  Jour.,  xii. 
and  xiii. ,  1851;  Jenner,  Med.  chir.  trans.,  ii.,  1857;  Rindflelsch,  Path.  Hist.; 
Thierfelder,  Atlas  d.  path.  Hist.,  1872;  Hertz,  in  Ziemssen's  Handb.,  v.  ii.; 
Eppinger,  Prag.  Vierteljahrschr.  f.  pract.  Heilk.,  vol.  cxxxii. ;  Durand  Fardel, 
Malad.  des  vieillards,  1854. 

V.— DISORDERS  OF  THE  CIRCULATION  IN  THE  LUNGS. 

The  pulmonary  circulation  differs  in  certain  important  respects 
from  the  systemic  circulation.  The  pulmonary  arteries  are  com- 
paratively thin-walled  and  the  muscular  coat,  even  in  the  finer 
branches,  is  but  slightly  developed.  Hence  there  is  little  of  that 
variation  in  blood-pressure  which  in  the  systemic  circulation  is 
brought  about  by  alterations  in  the  state  of  contraction  of  the 
arterioles.  The  pulmonary  blood-pressure  is  normally  low  and  is 
subject  to  little  variation,  except  in  a  purely  passive  manner.  It 
might  be  supposed  that  the  pulmonary  arterial  pressure  would  corre- 
spond and  vary  with  the  systemic  arterial  pressure,  but  it  does  so 
to  a  very  slight  extent.  The  mitral  valve  when  it  is  sufficient 
seems  to  cut  off  the  systemic  from  the  pulmonary  circulation,  so  that 
there  may  be  great  elevation  of  the  systemic  blood-pressure  whilst 
the  pulmonary  pressure  is  only  slightly  raised  or  even  remains 
normal.  Thus  in  asphyxia,  where  the  systemic  pressure  is  greatly 
elevated,  the  pulmonary  is  comparatively  little  affected.  It  follows 
from  these  facts,  however,  that  pathological  variations  in  the  pul- 
monary circulation  such  as  that  produced  by  insufficiency  of  the 
mitral  valve  will  tell  greatly,  as  the  means  of  compensation  which 
the  systemic  arteries  possess  are  much  less  efficiently  present  in  the 
pulmonary  arteries. 

1.  Active  hyperemia. — This  is  not  frequently  met  with  except 
as  an  accompaniment  of  inflammation  or  other  affection  of  the  lung. 
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It  may  be  produced  by  the  inhalation  of  irritating  vapours.  A 
Collateral  hyperemia  occurs  when,  in  consequence  of  disease  which 
has  rapidly  developed,  a  considerable  portion  of  the  pulmonary  circu- 
lation is  obstructed.  In  cases  of  pneumonia  where  the  exudation 
in  the  lung  alveoli  exercises  pressure  on  the  vessels,  the  unaffected 
parts  of  the  lung  are  commonly  hyperemic.  Embolism  of  the  pul- 
monary artery  will  also  produce  a  collateral  hyperemia. 

A  more  equivocal  collateral  hy perse mia  is  sometimes  produced 
by  the  application  of  cold  to  the  surface,  as  in  bathing  while  over- 
heated, or  the  imbibition  of  large  quantities  of  cold  liquids.  The 
effect  of  this  is  to  cause  great  contraction  of  the  arteries  in  the  skin 
on  the  one  hand,  or  the  stomach  and  neighbouring  parts  on  the  other. 
The  anaemia  thus  produced  causes,  when  extreme,  a  rise  of  blood- 
pressure  in  the  pulmonary  circulation,  an  acutely  developed  hyper- 
emia, which,  however,  partakes  of  the  nature  of  passive  more  than 
of  active  hyperemia.  There  is  in  some  such  cases  acute  oedema, 
which  may  be  accompanied  by  haemorrhage.    (See  case  by  Hertz.) 

2.  Passive  hyperemia  and  (Edema  of  the  lung's. — In  the  lungs 
as  elsewhere  these  two  conditions  are  often  associated.  Passive 
hyperemia  in  the  lungs  is  nearly  always  connected  with  functional 
disturbance  in  the  heart,  and  there  are  two  principal  forms  of  heart 
lesion  which  are  apt  to  give  rise  to  it.  These  are,  on  the  one  hand, 
cardiac  lesions,  chiefly  valvular,  which  interfere  mechanically  with 
the  pulmonary  circulation,  and,  on  the  other  hand,  weakness  of  the 
heart,  which,  as  we  have  seen,  is  a  cause  of  passive  hyperemia  in 
general. 

Passive  hyperemia  from  cardiac  lesions  occurs  under  all  the 
different  forms  of  heart  disease  in  which  the  return  of  blood  to  the 
left  auricle  and  ventricle  is  hindered  by  valvular  incompetence  or 
otherwise.  (See  under  Valvular  Disease  of  the  Heart.)  In  mitral 
disease  especially  there  is  commonly  a  direct  obstruction  to  the 
return  of  blood  from  the  lungs.  This  is,  in  many  cases,  partly 
compensated  by  hypertrophy  of  the  right  ventricle,  but  even  when 
it  is  so  the  pulmonary  circulation  will  be  at  an  increased  pressure, 
and  a  more  or  less  permanent  passive  hyperemia  will  exist.  This 
expresses  itself  during  life  in  the  readiness  with  which  dyspnoea 
develops  itself,  and  also  in  the  frequent  coincidence  of  bronchitis. 

The  condition  of  the  lungs  in  cases  of  prolonged  passive  hyperemia 
is  expressed  in  the  designation  Brown  induration.  The  whole  lung 
is  more  consistent  than  normal,  and  does  not  retract  so  fully  when 
the  chest  is  laid  open.  The  colour  is  brownish,  but  the  depth  of 
colour  varies  considerably  in  different  cases  and  in  different  parts 
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of  the  lung.  In  this,  as  in  other  cases  of  prolonged  hyperemia, 
the  connective  tissue  is  thickened  and  increased  in  density ;  hence 
the  induration,  which  Rokitansky  thought  to  be  due  to  inflammatory 
hypertrophy  of  the  connective  tissue.  At  the  same  time  the  capil- 
laries are  greatly  dilated  and  tortuous,  and  haemorrhage  by  diapedesis 
is  liable  to  occur  as  in  passive  hyperemia  generally.  The  blood 
escapes  partly  into  the  lung  alveoli,  giving  rise  to  Haemoptysis,  and 
partly  into  the  surrounding  connective  tissue,  producing  the  Brown 
pigmentation.  The  pigment  is  in  the  form  of  brown  granules  in 
the  connective-tissue  corpuscles. 

The  condition  of  the  vessels  is  well  shown  by  separating  a  piece  of  lung  tissue 
by  ligature,  then  placing  it  in  nitric  acid  and  afterwards  in  alcohol.  When 
sections  are  made  the  varicose  capillaries  will  be  displayed  as  a  brownish  red 
network,  and  the  larger  vessels  will  also  be  seen. 

Even  extreme  and  prolonged  hyperemia  may  exist  without  the 
development  of  oedema,  the  occurrence  of  which  will  usually  imply 
the  supervention  of  weakness  of  the  heart. 

Passive  hyperemia  from  weakness  of  the  heart  is  commonly  accom- 
panied by  oedema  of  the  lungs.  In  many  cases  it  is  developed  shortly 
before  death,  and  is  an  expression  of  the  fact  that  failure  of  the  heart 
is  the  immediate  cause  of  death.  In  a  large  number  of  debilitating 
diseases  we  find  just  before  death  the  chest  full  of  rales  and  the  breath- 
ing much  obstructed.  In  these  cases  passive  hyperemia  and  oedema 
are  found  after  death.  On  the  other  hand  these  phenomena  may 
develop  in  the  course  of  diseases  which  specially  involve  the  heart, 
more  particularly  the  acute  fevers,  in  which  passive  hyperaemia  and 
oedema  are  frequently  of  serious  import.  Existing  cardiac  lesions,  as 
already  mentioned,  will  predispose  to  oedema  if  the  heart  happens 
to  become  exhausted  or  weakened. 

Under  these  various  circumstances  gravitation  plays  an  important 
part  in  the  development  of  the  hyperemia  and  oedema,  and  these 
phenomena  are  usually  most  distinct  in  the  parts  which  during  life 
have  been  the  most  dependent.  Hence  the  term  Hypostatic  engorge- 
ment is  often  applied.  As  a  general  rule,  the  parts  affected  are  the 
posterior  and  basal  portions  of  the  lungs.  They  present  after  death 
a  dark  blue  colour,  and  the  tissue  is  bulkier  and  more  solid  than 
normal.  The  physical  condition  is  expressed  in  the  term  Splenization, 
the  tissue  resembling  that  of  the  spleen.  If  the  lung  be  incised  and 
squeezed,  a  frothy  fluid  mixed  with  blood  issues  from  the  cut  surface. 
Examined  microscopically  it  is  seen  that  the  capillaries  are  distended 
and  the  lung  alveoli  occupied  by  serous  fluid. 
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Hypostasis  occurs  as  a  post-mortem  phenomenon,  and  this  must  be  borne  in  mind 
in  the  diagnosis  of  hypostatic  engorgement.  Even  in  cases  of  sudden  death  from 
accident  the  posterior  parts  of  the  lung  are  often  of  a  livid  colour  from  the  blood 
before  coagulation  having  gravitated  to  the  parts  of  the  lung  which,  in  the 
recumbent  position  of  the  body,  were  dependent. 

When  passive  hyperemia  and  oedema  have  persisted  for  a  time 
they  often  pass  into  a  condition  closely  allied  to  Inflammation. 
Fibrine  and  catarrhal  cells  are  present  in  the  lung  alveoli,  and  the 
lung  tissue  becomes  more  and  more  consistent,  approaching  to  the 
condition  of  hepatization.  There  is  not,  however,  the  complete  con- 
densation of  proper  pneumonia,  and  an  excess  of  fluid,  sometimes  of 
a  thickish  grumous  character,  exudes  from  the  cut  surface. 

(Edema  of  the  lungs  sometimes  occurs  without  hyperemia,  or  at 
least  with  very  little  evidence  of  the  latter  visible  post  mortem.  This 
admits  of  somewhat  ready  explanation  in  cases  of  Bright's  disease, 
where  it  is  related  to  the  general  tendency  to  cedema.  A  simple 
oedema  may  also  occur  in  consequence  of  multiple  fat  embolism  in 
the  lung.  In  other  cases  there  is  no  other  apparent  cause  than 
failure  of  the  heart,  and  the  absence  of  hyperemia  may  be  due  to  a 
general  anaemia  or  to  some  local  conditions  such  as  pleural  effusion. 

In  cases  of  simple  oedema  the  lungs  are  pale  and  look  bulky.  On 
incision  clear  frothy  fluid  exudes,  sometimes  in  large  quantity. 

Cohnheim  has  endeavoured  to  elucidate  the  pathology  of  oedema  of  the  lungs 
by  experiment  in  animals.  An  extreme  passive  hyperemia  may  be  produced 
by  paralyzing  the  left  ventricle,  while  the  right  ventricle  retains  its  full  powers. 
Cohnheim  supposed  that  a  weakening  of  the  left  ventricle  might  explain  the 
hyperamia  and  cedema  occurring  immediately  before  death.  This  explanation 
does  not  seem  to  the  author  to  be  a  likely  one.  Great  hyperemia  exists  in  cardiac 
lesions,  produced  in  a  somewhat  similar  fashion  to  that  in  these  experiments, 
namely,  by  obstruction  on  the  left  side  of  the  heart,  without  any  oedema,  unless 
there  is  a  failure  in  the  cardiac  contractions.  It  seems  to  be  rather  the  extreme 
stagnation  of  blood,  which  such  failure  implies,  that  determines  the  cedema. 

Literature. — Bradford,  Dean,  and  Lewis,  (Pulm.  circulation)  Proc.  of  Koy.  Soc, 
1889;  Kokitansky,  Lehrb.  iii. ;  Zenker,  Beitr.  z.  norm,  und  pathol.  Anat.  d. 
Lungen,  1862;  Cohnheim,  Allg.  Path.,  i.,  501,  1882. 

3.  Embolism  of  the  pulmonary  artery.— The  pulmonary  artery  is 
probably  more  liable  to  embolism  than  any  other  vessel.  The 
embolus  may  be  derived  from  thrombi  in  the  right  side  of  the 
heart  or  in  the  veins :  it  may  consist  of  fat,  or  it  may  have  origin  in 
tumours  or  parasites  which  have  penetrated  the  veins. 

In  a  considerable  proportion  of  cases  the  hemorrhagic  infarction 
results,  but  by  no  means  in  all  (see  p.  113).    In  the  case  of  Fat 
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embolism  there  may  be  many  small  hemorrhages  with  oedema,  or 
even  a  more  considerable  area  of  haemorrhage.  (See  p.  116  and 
Figs.  40  and  370.) 


Fig.  370.— Oil  or  fat  embolism  of  lung.    The  fat,  which  is  blackened  by  osmic  acid, 
occupies  a  small  artery  and  partly  extends  to  the  capillaries,     x  100. 

There  are  many  cases  of  pulmonary  embolism  without  any  development  of  the 
infarction,  and,  it  may  be,  without  any  pronounced  appearances  at  all.  If  the 
embolus  be  large  enough  to  obstruct  the  main  artery  of  the  lung,  then  there  can 
be  no  haemorrhage,  as  the  whole  lung  is  cut  off  from  its  blood  supply  through 
the  pulmonary  artery.  When  smaller  branches  are  occluded,  the  infarction  may 
be  absent.  Cases  of  sudden  death  after  parturition  occur  from  embolic  obstruction 
of  the  lungs  without  any  infarction.  The  suddenness  of  death  in  some  of  these 
cases  seems  to  indicate  that  it  is  not  due  entirely  to  the  obstruction  in  the  lungs 
and  consequent  non-aeration  of  the  blood.  It  seems  rather  due  in  great  measure 
to  the  fact  that,  as  the  blood  is  prevented  from  reaching  the  left  ventricle  in 
sufficient  amount,  the  brain  and  medulla  oblongata  are  deprived  of  their  proper 
nourishment.  In  such  cases  the  right  ventricle  will  be  found  dilated,  while  the 
lungs  are  pale  and  probably  over-inflated  by  the  violent  but  ineffectual  respiratory 
efforts.  These  sudden  deaths  after  confinement  used  to  be  ascribed  to  shock 
before  Virchow  pointed  out  their  true  significance. 

4.  Pulmonary  haemorrhage. — Haemorrhage  occurs  in  the  lungs 
under  a  considerable  variety  of  circumstances  and  presents  many 
different  appearances. 
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The  Hemorrhagic  infarction  is  the  form  most  frequently  met  with 
after  death.  It  results  from  obstruction  of  the  pulmonary  artery,  and 
this  is  in  the  great  majority  of  cases  due  to  embolism,  but  in  a  few  may 
be  the  result  of  thrombosis.  In  cases  of  extreme  passive  hyperemia, 
there  may  be  such  stagnation  of  the  blood  in  the  pulmonary  artery 
in  some  parts  as  to  induce  coagulation,  but  this  is  very  rare. 

The  pulmonary  artery  in  itself  and  its  branches  is  an  end-artery  > 
but  various  local  circumstances  frequently  interfere  with  the  formation 
of  the  infarction.  The  capillaries  of  the  lung  are  wide,  and  may  act 
in  the  same  way  as  anastomosing  vessels  so  as  to  keep  up  the 
circulation  and  prevent  engorgement.  In  addition,  the  bronchial 
artery  nourishes  the  lung  tissue  and  even  forms  communications  with 
the  pulmonary  artery.  The  infarction  is  least  likely  to  occur  where 
the  affected  piece  of  lung  tissue  is  completely  surrounded  by  lung 
tissue  whose  capillaries  communicate.  The  existence  of  the  pleura 
at  one  or  several  surfaces  will  interfere  with  such  communication, 
and  hence  the  infarction  is  more  common  at  edges,  where  two  or 
three  surfaces  are  covered  with  pleura,  than  in  the  substance  of  the 
lung  or  at  its  lateral  and  posterior  aspects. 

The  observation  of  Pitt  confirms  these  statements  in  so  far  as  that  blocking  of 
the  pulmonary  artery  is  frequent  without  the  occurrence  of  the  hemorrhagic 
infarction.  This  author  asserts,  in  opposition  to  Cohnheim,  that  thrombosis  of 
the  pulmonary  artery  is  a  frequent  lesion. 

The  hsemorrhagic  infarction  presents  itself  as  a  limited  piece  of  ' 
condensed  lung  tissue,  which  may  be  often  recognized  by  its  dark 
colour  seen  through  the  pleura,  but  is  more  easily  discovered  by 
handling  the  lung,  when  the  solid  mass  is  readily  detected.  It  is 
more  or  less  wedge-shaped,  the  base  being  at  the  surface.  It  is 
usually  peripheral  and  most  frequently  at  an  edge  of  the  lung. 
It  presents  great  varieties  in  size  up  to  nearly  half  the  lung,  but 
it  is  most  commonly  of  moderate  dimensions.  When  recent,  the 
infarction  looks  on  section  like  a  recent  blood  clot,  and  has  almost 
a  similar  smooth  surface,  from  which  circumstances  the  term  Pul- 
monary apoplexy  used  to  be  given  to  the  condition  from  the  analogy 
of  haemorrhage  in  the  brain,  which  produces  cerebral  apoplexy.  As 
time  goes  on  the  colour  merges  into  brown,  and  the  appearance 
may  come  to  resemble  that  of  red  hepatization.  As  blood  fills  the 
air  spaces  the  piece  of  lung  is  more  bulky  than  that  surrounding- 
it.  The  infarction,  therefore,  is  often  seen  as  a  rounded  bulging 
beneath  the  pleura,  or,  when  the  lung  is  divided  it  stands  at  a 
higher  level  than  the  surrounding  tissue.     The  pleura  over  the  in- 
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farction  is  usually  covered  with  a  layer  of  fibrinous  exudation  of  a 
yellow  colour,  and  the  pleural  cavity  contains  fluid,  often  in  con- 
siderable quantity. 

Search  should  always  be  made  for  the  obstruction  of  the  artery. 
The  arteries  in  the  infarction  itself  may  be  filled  with  coagulum,  but 
the  plugging  generally  extends  beyond  its  apex,  the  actual  embolus 
being  usually  some  little  distance  on  the  proximal  side  of  the 
infarction.  An  endeavour  should  also  be  made  to  find  the  source 
of  the  embolus. 

Under  the  microscope,  the  affected  parts  of  the  lung  show,  as  in 
Fig.  371,  an  enormous  aggregation  of  red  corpuscles  in  the  lung  alveoli 


Fig.  371.— From  a  hemorrhagic  infarction  of  the  lung.  The  alveolus  is  filled  with 
red  blood-corpuscles,  with  one  or  two  large  catarrhal  cells.  In  the  wall  of  the  alveolus 
the  capillaries  are  greatly  distended  with  blood,    x  350. 


und  finer  bronchial  tubes,  with  distension  of  the  pulmonary  capillaries. 
The  absolute  filling  out  of  the  alveoli  with  blood  to  the  entire  exclu- 
sion of  air  indicates  that  there  has  been  a  leakage  from  the  capillaries 
gradually  filling  up  the  alveoli  and  expelling  the  air.  There  is 
usually  hardly  a  trace  of  fi brine  to  be  seen,  merely  red  corpuscles 
which  have  escaped  by  diapedesis,  and  some  catarrhal  cells.  Such 
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cells  are  nearly  always  present,  the  blood  irritating  the  epithelium 
and  inducing  their  production. 

If  the  patient  live  for  some  time  after  the  occurrence  of  the 
infarction  certain  changes  occur  in  it,  but  there  are  few  actual 
observations  bearing  on  this  point.  A  case  observed  post  mortem 
by  the  author  gave  definite  indications  as  to  the  course  of  events. 
The  symptoms  during  life  indicated  the  formation  of  an  infarction 
months  before  death.  The  conditions  observed  were  those  of  partial 
recovery  from  the  lesion.  The  pulmonary  tissue  was  brown  and 
partly  condensed  in  a  limited  area.  The  artery  supplying  this  area 
showed  a  plug  consisting  of  connective  tissue  formed  by  the  process 
of  organization  described  at  p.  107.  The  circulation  had  been 
partly  restored  by  this  process.  It  is  apparent  from  this  obser- 
vation that  in  some  cases  the  infarction  clears  away  ;  the  blood 
is  discharged  by  expectoration,  and  the  circulation  is  re-established, 
but  the  portion  of  lung  is  unduly  pigmented.  In  other  cases  the 
portion  of  lung  gradually  shrinks,  and  the  ultimate  result  is  a  pig- 
mented induration.  Indurations,  probably  of  this  origin,  are  not 
infrequently  met  with  in  cases  of  valvular  disease.  In  other  cases, 
again,  the  portion  of  lung  tissue  dies  and  sloughs,  so  that  a  cavity 
forms.  Sometimes  the  slough  decomposes,  and  we  have  all  the 
features  of  gangrene  of  the  lungs.  It  may  seem  strange  that  necrosis, 
which  is  the  regular  result  in  other  organs,  is  not  of  more  constant 
occurrence  in  the  lungs.  It  is  to  be  remembered,  however,  that 
the  lung  tissue  in  the  midst  of  the  infarction  is  still  nourished  by 
the  bronchial  artery,  and  that,  while  the  capillaries  and  actual  walls 
of  the  alveoli  may  die,  the  interlobular  connective  tissue  may  sur- 
vive, and  may  even  use  the  necrosed  tissue  as  pabulum. 

Conditions  resembling  in  general  and  microscopic  appearances  the 
hemorrhagic  infarction  occur  in  extreme  cases  of  passive  hyperemia. 
This  is  not  surprising  as  the  infarction  is  itself  the  result  of  stagnation 
of  blood.  But  the  hemorrhagic  condensations  produced  by  passive 
hyperemia  have  not  the  locality  or  limitation  of  the  proper  in- 
farction. 

There  are  also  hemorrhages  in  scurvy,  hemophilia,  hemorrhagic 
small-pox,  etc.  Hemorrhage  is  very  frequent  in  phthisis  pulmonalis, 
as  will  be  subsequently  described.  It  is  asserted  also  that  there 
may  be  rupture  of  a  branch  of  the  pulmonary  artery  from  fatty 
degeneration  of  its  walls,  as  we  may  have  hemorrhage  in  the  brain 
from  atheroma,  but  this  is  excessively  rare. 

Haemorrhage  is  not  uncommon  from  Tearing  or  Rupture  of  the 
lung,  by  a  penetrating  instrument  or  a  broken  rib.    The  blood  in  this 
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case  will  partly  escape  into  the  pleura,  but  it  will  also  collect  in  the 
cavity  torn  in  the  lung  and  infiltrate  neighbouring  parts  of  the  paren- 
chyma. According  to  Kokitansky  blood  thus  effused  may  be  encap- 
suled  and  subsequently  infiltrated  with  lime  salts  like  a  foreign  body. 

When  the  haemorrhage  is  from  the  bronchial  mucous  membrane 
or  the  lung  alveoli,  then  it  appears  in  the  sputum.  To  some 
extent,  however,  the  blood  remains  in  the  air  passages,  and  if  it 
be  in  considerable  quantity  it  may  even  be  carried  by  Insufflation 
into  the  lung  alveoli.  The  blood,  in  this  case,  is  mixed  with  air, 
and  there  is  no  such  condensation  as  that  which  occurs  in  the 
hemorrhagic  infarction.  In  the  lung  alveoli  the  blood  acting  as 
a  foreign  body  irritates  the  tissue  and  a  catarrhal  inflammation  may 
result.  In  such  cases  large  catarrhal  cells  occupy  the  alveoli  abun- 
dantly wherever  the  blood  has  penetrated,  and  these  cells  may  be 
deeply  stained  with  the  colouring  matter  of  the  blood. 

Literature. — Kokitansky,  Lehrb.,  iii.  ;  Zenker,  Beitr.  zur  norm.  u.  path.  Anat.. 
d.  Lungen,  1862;  Hertz,  in  Ziemssen's  Handb.,  v.  ;  Cohnheim,  Allg.  Path.,  1882, 
i.,  501  ;  Gerhardt,  Volkmann's  lectures  (Syd.  Soc.  transl.),  1876,  2nd  ser.,  p.  261 ;. 
Pitt,  Path,  trans.,  xliv.,  1893;  Scriba  (Fat  Embolism),  Untersuch.  ii.  die  Fettem- 
bolie,  Deut.  Zeitsch.  f.  Chirurgie,  1879,  B.  xii.  §  118  (literature). 

VI.  — INFLAMMATIONS  OF  THE  LUNG. 

The  inflammations  of  the  lung  vary  considerably  according  to 
cause,  distribution,  and  the  structures  specially  affected.  The  irritant 
which  leads  to  the  inflammation  may  have  its  seats  primarily  in 
the  bronchi,  in  the  lung  alveoli,  or  in  the  pulmonary  arteries.  In 
the  first  case  it  will  probably  happen  that  the  agent  will  affect 
certain  bronchi  and  their  connected  alveoli  so  as  to  produce  a 
Lobular  distribution.  In  the  second  case  there  may  be  a  general 
diffusion  over  a  wide  tract  of  lung,  such  as  a  whole  lobe  or  more, 
so  as  to  give  a  Lobar  distribution,  whilst  in  the  third  case  there  is 
likely  to  be  an  Embolic  distribution. 

The  character  of  the  inflammation  will  depend  on  the  nature  of 
the  irritant  as  well  as  on  its  distribution.  We  have  acute  inflam- 
mations, with  excessive  exudation,  sometimes  going  on  to  sup- 
puration ;  and  we  have  chronic  inflammations  with  new-formation 
of  connective  tissue.  We  have  also  inflammations  mainly  affecting 
the  lining  membranes  of  bronchi  and  alveoli,  and  others  involving 
the  deeper  structures.  In  nearly  all  inflammations  the  epithelium 
of  the  alveoli  is  more  or  less  involved.  In  acute  inflammations  it 
is  soon  shed,  while  in  the  chronic  forms  it  proliferates  and  yields 
large  cells  (catarrhal  cells)  which  may  accumulate  in  the  alveoli. 
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The  chief  forms  of  inflammation  may  be  considered  under  four 
headings,  namely,  acute  lobar  pneumonia,  acute  broncho-pneumonia, 
embolic  pneumonia,  and  chronic  or  interstitial  pneumonia.  In 
phthisis  pulmonalis  many  of  the  lesions  are  inflammatory,  but,  as 
we  have  here  a  true  tuberculosis,  the  inflammatory  manifestations 
will  be  considered  along  with  the  tubercular. 

1.  Acute  lobar  pneumonia  (Croupous  pneumonia). — This  is  essentially 
a  disease  of  the  lung  alveoli  and  the  most  prominent  feature  is  an 
exudation  of  fibrine,  from  which  the  name  croupous  pneumonia  is 
derived. 

The  Causation  of  pneumonia  has  been  already  considered  at  pp. 
334-35.  Certain  forms  of  microbes,  of  which  the  diplococcus  of 
Fraenkel  is  the  chief,  are  the  active  agents.  These  microbes  are 
often  present  in  enormous  numbers  in  the  exudation  contained  in 
the  lung  alveoli.  The  fact  that  the  diplococcus  is  frequently  present 
in  the  normal  sputum,  and  consequently  in  the  lung,  points  to  the 
existence  of  other  contributing  causes.  It  is  probable  that  certain 
conditions  of  the  body,  such  as  exposure  to  cold  or  a  preceding 
attack  of  true  Influenza,  may  give  occasion  to  the  specific  microbe 
and  enable  it  to  overcome  the  resistance  of  the  tissues.  It  is  to 
be  remembered  also  that  an  acute  pneumonia  may  be  produced  by 
an  irritant  in  the  blood,  as  indicated  by  the  fact  that  it  has  been 
met  with  in  cases  where  carbolic  acid  has  been  administered  in  con- 
siderable quantity  by  mistake. 

Pneumonia  is  to  be  regarded  as  one  of  the  acute  specific  fevers 
in  which  the  infective  agent  has  a  local  seat.  The  lungs  present 
the  more  direct  effects  of  the  agent,  but  the  general  febrile  dis- 
turbance is  clinically  the  more  important  part  of  the  phenomena. 
The  fever  has  a  distinct  periodicity,  and,  consistently  with  this, 
there  is  an  antitoxine  produced,  which  has  the  power  of  conferring 
immunity  (see  pp.  327-29). 

Many  epidemics  of  pneumonia  have  been  observed  in  various  quarters  of  the 
globe  (see  Hirsch).  It  is  an  interesting  fact  that  occasionally  epidemic  outbreaks 
of  fever  of  peculiar  and  unusual  characters  have  been  associated  with  acute 
pneumonia.  Amongst  these  may  be  mentioned  an  epidemic  which  occurred  in 
an  industrial  school  in  Glasgow,  which  in  some  of  the  earlier  cases  caused  death 
within  twenty-four  hours  of  the  onset,  and  which,  in  many  of  the  cases  which 
lived  for  a  longer  period  or  survived,  was  accompanied  by  a  typical  pneumonia. 
This  epidemic  could  not  be  referred  to  any  of  the  recognized  forms  of  fever  (see 
Russell).    Strain  has  also  described  an  epidemic  of  pneumonia  in  South  America. 

The  disease  is  an  acute  inflammation,  and  as  the  lung  alveoli 
possess  merely  a  single  layer  of  pavement  epithelium  which  is  soon 
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desquamated,  the  inflammation  resembles  that  of  serous  rather  than 
of  mucous  membranes.  As  in  the  former  we  have  here  a  fibrinous 
exudation,  and  though  this  occurs  primarily  and  mainly  in  the 
alveoli,  the  fibrine,  as  we  shall  see,  generally  extends  to  the  finer 
bronchi,  forming  casts  of  them. 

Pneumonia  is  divisible  into  several  stages,  which,  however,  to  some 
extent  merge  into  each  other. 

In  the  first  stage,  that  of  Engorgement,  there  is  an  active  inflam- 
matory hyperemia ;  the  lung  capillaries  are  highly  injected,  and 
there  is  an  exudation  of  serous  fluid  into  the  air  vesicles.  To  the 
naked  eye  the  affected  portion  of  lung  is  of  a  dark  red  colour,  to 
the  touch  it  is  inelastic,  and  the  finger  applied  to  the  surface  leaves 
a  pit  behind.  On  section  a  reddish  serum  flows  out,  and  the  tissue 
does  not  crepitate  under  the  knife  so  much  as  in  the  natural  state. 
This  state,  from  the  resemblance  of  the  cut  surface  of  the  diseased 
lung  to  the  spleen,  has  been  called  Splenization.  So  far  as  the 
merely  anatomical  condition  is  concerned  the  lung  is  very  much  in 
the  same  state  as  in  passive  bypersemia  and  oedema,  to  which  also 
the  term  splenization  is  applied.  In  pneumonia,  however,  the 
splenization  is  not  localized  in  the  dependent  parts,  but  it  affects 
a  definite  region  of  lung,  generally  the  lower  lobe  as  a  whole,  along 
with,  perhaps,  a  portion  of  the  upper.  Like  other  inflammatory 
exudations,  the  serous  fluid  contains  leucocytes  and  also  red  blood- 
corpuscles,  sometimes  in  large  numbers.  As  the  alveoli  are  filled 
with  serous  fluid,  the  air,  bubbling  in  and  out  among  the  fluid 
during  respiration,  produces  the  fine  crepitation  which  is  the  char- 
acteristic auscultatory  sign  of  this  stage. 

In  the  second  stage,  that  of  Red  hepatization,  we  have  fibrine 
deposited  in  the  alveoli.  In  consequence  a  coagulum  (Fig.  372) 
comes  to  occupy  the  lumen  of  the  vesicles  and  infundibula,  instead 
of  the  mixture  of  serous  fluid  and  air  which  is  present  in  the  first 
stage.  The  coagulum,  like  the  fluid,  contains  abundant  leucocytes 
and  some  red  corpuscles,  the  former  often  so  abundantly  as  almost 
to  conceal  the  fibrine.  The  fibrine  may  be  detected  as  a  coarse 
network  of  interlacing  fibres  (Fig.  373).  The  capillaries  of  the  lung 
are  in  much  the  same  state  of  over-distension  as  in  the  first  stage, 
and  the  lung  parenchyma  is  likewise  little  altered. 

On  microscopic  examination  of  an  ordinary  section  of  the  lung  in 
this  stage  the  lung  alveoli  are  found  to  be  occupied  by  solid  plugs, 
to  the  entire  exclusion  of  the  air,  as  in  Fig.  374.  On  closer  exam- 
ination of  an  unstained  section,  or  by  means  of  special  staining,  the 
fibrine  will  be  detected  as  in  Fig.  373. 
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The  red  eorpuscles  are  present  in  the  alveoli  in  very  varying 
proportion.    They  are  never  entirely  absent,  but  they  form  generally 


bronchus,  infundibula, 
and  air  vesicles  in  pneu- 
monia,    x  40.    (Cornil  Fig.  373. — A  lung  alveolus  in  acute  pneumonia, 
and  Ranvier.)                              prepared  by  Weigert's  method  for  straining  fibrine. 

The  fine  net- work  of  fibrine  is  shown,    x  o00. 


the  minority  of  the  total  cells  present ;  in  some  cases  they  are 
equal  to  the  leucocytes,  in  some  more  abundant.    In  very  rare  cases 


Fig.  374.— Hepatization  of  lung.  The  section  is  made  so  as  to  include  part  of 
hepatrzed  lower  lobe  and  unaffected  upper  lobe,  with  intervening  pleural  surfaces, 
ine  latter  are  coated  with  fibrine  from  the  usual  acute  pleurisy,    x  100. 

they  are  so  abundant  that  the  exudation  has  more  the  character  of 
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an  ordinary  clot  than  of  a  fibrinous  exudation.  In  these  latter 
cases,  which  may  be  described  as  Hemorrhagic  pneumonia,  the  lung 
itself  has  a  deep  red  colour.  These  are  mostly  very  severe  cases, 
and  imply  a  previous  state  of  debility  in  the  patient,  very  commonly 
referable  to  alcoholic  excess.  In  accordance  with  this  exudation  of 
red  blood-corpuscles  we  have,  in  this  and  in  the  preceding  stage, 
the  rusty  tinge  of  the  sputum  which  is  characteristic  of  pneumonia. 

The  appearance  of  the  lung  in  this  stage  is  somewhat  different 
from  that  in  the  first.  It  retains  its  red  colour,  both  from  the 
continuance  of  the  congestion  of  the  capillaries  and  from  the  red 
corpuscles  in  the  exudation,  but  it  is  now  much  firmer  and  heavier 
— it  does  not  crepitate  under  the  knife  or  finger,  and  it  sinks  in 
water — no  air  being  any  longer  contained  in  the  vesicles.  On  section 
from  a  sound  part  into  a  hepatized  part,  it  is  observed  that  the 
latter  remains  on  a  level  while  the  sound  part  sinks  away,  so  that 
the  diseased  part  appears  enlarged.  Even  on  external  examination 
the  affected  part  of  the  lung  looks  bulky.  On  more  close  examina- 
tion, the  cut  surface  has  not  the  homogeneous  velvety  character 
of  the  lung  in  splenization,  but  a  coarse  granular  appearance,  and 
this  will  be  more  readily  seen  on  tearing  the  tissue  and  examining 
the  torn  surface  with  a  lens.  The  granulations  thus  brought  out 
are  undoubtedly  the  plugs  of  fibrine  with  corpuscles  which  fill  the 
air  vesicles.  On  stroking  the  cut  surface  with  the  blade  of  the 
knife  casts  of  the  vesicles  and  infundibula  may  be  obtained  (as  in 
Fig.  372).  The  finer  bronchial  tubes  when  laid  open  are  generally 
found  to  contain  casts  of  soft  fibrine,  as  if  the  exudation  had  over- 
flowed from  the  alveoli  into  them.  The  appearance  of  a  section  of 
such  a  lung  has  been  compared,  from  its  solid  character,  granular 
surface,  and  colour,  to  that  of  the  liver,  hence  the  name  hepatization 
applied  to  this  stage. 

The  solidified  lung  is  a  much  better  conductor  of  sounds  than 
a  lung  filled  with  air ;  hence,  during  life,  we  hear  the  sounds  of  the 
trachea  and  bronchi  much  more  distinctly  than  usual ;  it  is  as  if 
one  put  the  stethoscope  over  the  trachea  itself. 

The  third  stage,  that  of  Grey  hepatization,  develops  naturally 
out  of  the  second.  In  the  earlier  periods  red  corpuscles  are  ex- 
uded largely,  but  except  in  cases  of  a  hemorrhagic  kind  the  white 
very  much  preponderate,  but  especially  in  the  later  periods.  The 
leucocytes  swarming  into  the  alveoli  distend  them  more  and  more. 
The  additional  material  in  the  vesicles  also  causes  pressure  to  be 
exercised  on  the  capillaries,  which  are  thereby  emptied.  In  this 
way  we  have,  instead  of  the  previous  hyperemia,  an  anemia  of  the 
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tissue.  In  accordance  with  the  much  less  abundance  of  red  blood, 
and  the  presence  of  an  additional  number  of  colourless  cells,  the 
colour  of  the  tissue  is  changed.  It  retains  the  firm  character,  and 
the  granular  appearance  of  the  previous  stage,  but  the  colour  is  grey. 
The  pigment  of  the  lung  intermixed  with  the  white  colour  of  the 
multitudinous  cells  gives  the  appearance  which  has  been  aptly  de- 
scribed as  marbled. 

It  is  not  to  be  supposed,  however,  that  during  life  the  vessels  are  empty.  It 
is  always  possible  to  inject  the  vessels  after  death,  and  during  life  no  doubt  the 
force  of  the  heart  is  sufficient  to  keep  up  the  circulation.  We  are,  therefore, 
scarcely  warranted  in  saying  that  the  grey  colour  of  this  stage  is  anything  but 
a  post-mortem  appearance. 

In  the  last  stage,  that  of  Resolution,  the  lung  returns  to  its  normal 
condition.  The  cells  and  fibrine  in  the  air  vesicles  undergo  fatty 
degeneration,  and  the  plugs  soften.  Even  in  the  stage  of  grey 
hepatization  the  leucocytes  and  fibrine  have  begun  to  undergo  fatty 
degeneration,  and  this  process  advances  in  the  stage  of  resolution. 
The  fatty  degeneration  and  disintegration  of  both  cells  and  fibrine 
result  in  the  conversion  of  the  exudation  into  an  emulsion  which 
fills  the  alveoli,  and,  having  a  yellow  or  greyish-brown  turbid  appear- 
ance, resembles  pus  in  its  naked-eye  appearances. 

The  lung  is  still  solid,  still  sinks  in  water,  but  its  firmness  is  gone, 
its  surface  is  pale,  yellowish,  or  greyish  red,  it  has  lost  the  granular 
appearance,  and  a  greyish,  dirty  fluid  oozes  out,  which  makes  the 
surface  so  slippery  that  a  small  portion  is  with  difficulty  lifted  or 
held  in  the  fingers.  The  tissue  is  also  extremely  soft,  and  readily 
tears  under  manipulation.  In  removing  such  a  lung  from  the  body, 
unless  care  is  exercised,  pressure  of  the  fingers  may  rupture  the 
tissue,  and  as  the  pus  or  emulsion  flows  into  the  cavity  it  may  give 
rise  to  the  appearance  of  abscesses  in  the  midst  of  the  lung. 

The  softened  exudation  is  now  in  a  condition  to  be  disposed  of, 
and  this  is  done  partly  by  expectoration,  but  chiefly  by  absorption. 
The  exudation  must  have  been  thoroughly  softened  before  it  will 
make  its  way  through  the  narrow  neck  of  the  infundibulum  into 
the  bronchus,  and  the  fatty  emulsion  is  for  the  most  part  absorbed- 
It  is  remarkable  how  rapidly  an  extensive  exudation  in  the  lung  may 
be  disposed  of.  Sometimes,  in  the  course  of  four  or  five  days  from 
the  crisis  of  a  pneumonia,  the  physical  signs  will  indicate  an  approach 
to  complete  disposal  of  the  exudation  and  return  of  air  to  the  alveoli, 
and  this  may  be  almost  entirely  by  absorption,  little  expectoration 
occurring  in  the  interval.  In  some  cases,  however,  expectoration 
materially  aids  in  the  disposal  of  the  exudation. 
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After  the  infundibula  and  vesicles  are  emptied  the  blood  returns  in 
full  force  into  the  capillaries.  Instead  of  the  anaemia  we  have  indeed 
a  hyperemia,  for  the  tissue  has  been  weakened  by  the  inflammation, 
and  is  less  able  to  resist  the  blood-pressure  than  formerly.  It  should 
be  remembered  in  practice  that  the  lungs  of  a  pneumonic  patient  take 
some  time  to  recover  from  the  effects  of  the  inflammation,  and  great 
exertion  during  convalescence  should  be  warned  against,  till  the  tissue 
has  recovered  its  tone. 

Purulent  infiltration  is  a  termination  of  pneumonia  which  is  rarely 
met  with  as  compared  with  resolution.  In  some  cases,  instead  of 
the  inflammation  ceasing,  it  goes  on  in  its  acute  form,  and  leucocytes 
continue  to  be  exuded.  In  this  case,  when  the  fibrine  breaks  down, 
its  place  is  taken  by  pus,  and  a  true  purulent  infiltration  occurs. 
The  condition  somewhat  resembles  that  present  while  resolution  is  in 
progress,  the  fatty  emulsion  in  that  case  resembling  pus  in  its  naked- 
eye  characters. 

The  purulent  infiltration  in  some  cases  results  in  Abscess,  of  which 
there  may  be  several  present.  There  may  be  rupture  of  a  considerable 
vessel  in  the  wall  of  such  an  abscess  and  profuse  haemorrhage.  The 
abscess  may  subsequently  burst  into  a  bronchus  or  the  pleura,  in  the 
latter  case  producing  empyema,  and  perhaps  pneumothorax. 

Another  unfortunate  result  which  sometimes  occurs  is  Gangrene 
of  the  lung.  This  is  mostly  met  with  in  the  hemorrhagic  form  and 
in  drunkards,  but  it  may  occur  where,  in  addition  to  pneumonia, 
there  is  a  bronchiectatic  cavity  with  decomposing  contents. 

Another  rare  result  is  Chronic  pneumonia,  whose  description  follows 
below. 

The  Pleura  always  takes  part  more  or  less  in  the  inflammation  of 
the  lung  (see  Fig.  374).  The  pleural  surface  of  the  inflamed  portion 
of  lung  is  coated  with  a  white  fibrinous  exudation,  which  is  some- 
times of  considerable  thickness.  There  is  rarely  any  considerable 
serous  exudation  in  the  pleura,  probably  because  the  lung  distended 
with  the  solid  exudation  fills  the  cavity,  and  by  its  pressure  prevents 
the  accumulation  of  fluid.  Sometimes  the  pleural  exudation  takes  on 
a  purulent  character,  and  an  empyema  may  remain  after  the  resolu- 
tion of  the  pneumonia.  In  some  cases  the  inflammation  extends  to 
the  pericardium,  on  the  surface  of  which  there  may  be  a  slight 
fibrinous  exudation. 

When  resolution  occurs  the  pleurisy  will  become  chronic  and  the 
fibrinous  exudation  will  be  gradually  absorbed.  The  result  will  usually 
be  coalescence  of  the  two  pleural  surfaces,  adhesion  of  the  pleura. 

Pneumonia  is  an  acute  febrile  disease,  and  so  produces  secondary 
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changes  in  the  organs  of  the  body,  generally  comparable  with  those  in 
acute  specific  fevers.  There  is  commonly,  but  not  always,  enlargement 
of  the  spleen.  The  liver  is  usually  enlarged,  and  shows  parenchymatous 
infiltration.  Herpes  of  the  lips  is  a  frequent  accompaniment  of 
pneumonia,  this  condition  being  probably  due  to  the  action  of  the 
toxine  on  the  nerve  stems  concerned. 

In  some  cases  of  pneumonia  the  connective  tissue  of  the  mediastinum  and 
subpleural  tissue  are  the  seats  of  inflammatory  oedema,  which  may  extend  to 
the  loose  tissue  between  the  (esophagus  and  trachea,  up  to  the  retropharyngeal 
tissue,  the  soft  palate,  the  tonsils,  and  even  to  the  nares.  Sometimes  this  inflam- 
mation assumes  a  phlegmonous  character.  This  probably  occurs  by  propagation 
of  the  specific  microbe  in  these  loose  tissues  (Weichselbaum). 

2.  Acute  broncho-pneumonia  (Catarrhal  pneumonia,  Capillar//  bron- 
chitis).— This  disease  occurs  most  frequently  in  children,  and  is  in 
them,  as  in  adults,  associated  with  catarrh  of  the  finer  bronchi.  The 
bronchi  are  first  affected,  and  so  it  may  be  said  that  the  pneumonia 
springs  out  of  a  Capillary  bronchitis,  the  tubes  affected  being  those 
of  the  finest  calibre.  In  a  large  proportion  of  cases  the  bronchitis 
originates  in  measles,  or  it  may  occur  in  diphtheria,  or  small-pox,  or 
whooping-cough.  In  adults  it  may  follow  typhoid  or  other  infectious 
fever,  or  it  may  be  the  result  of  the  inhalation  of  irritating  gases. 

It  is  to  be  noted  that  an  ordinary  bronchial  catarrh,  such  as  was 
described  in  the  section  on  bronchitis,  seldom  goes  on  to  a  catarrhal 
pneumonia,  but  that  for  the  most  part  the  latter  is  due  to  the  exist- 
ence of  some  special  irritant  such  as  the  virus  of  measles. 

As  the  disease  begins  in  the  bronchial  tubes,  and  is  propagated  to 
the  lung  tissue,  it  follows  in  its  distribution  the  arrangement  of  the 
bronchial  tubes ;  that  is  to  say,  it  occurs  in  a  lobular  form,  hence  the 
name  Lobular  pneumonia  which  is  frequently  used.  Although  the 
disease  is  thus  primarily  lobular,  it  is  clear  that  it  will  often  occur  in 
several  neighbouring  lobules,  and  so  a  considerable  tract  of  lung  may 
be  involved. 

The  inflammation  manifests  itself  by  the  production  of  an  exudation 
mingled  with  cells,  so  that  the  fine  bronchi  and  the  connected  alveoli 
become  filled.  There  is  thus  brought  about  a  lobular  condensation. 
The  cells  produced  arc  partly  leucocytes  and  partly  catarrhal  cells,  the 
derivatives  of  the  epithelium.  The  proportion  of  each  of  these  will 
depend  somewhat  on  the  acuteness  and  nature  of  the  irritant,  but  in 
acute  cases  each  minute  bronchus  will  often  contain  a  small  drop  of 
pus.  In  addition  to  these  cells  fibrine  and  red  blood-corpuscles  are 
frequently  present  in  the  lung  alveoli.  The  affected  pieces  of  lung  are 
firm  and  reddish  brown  or  grey,  and  on  the  cut  surface  stand  above 
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the  general  level.  Even  when  a  considerable  district  is  affected  the 
lobular  appearance  is  usually  visible. 

As  the  disease  begins  in  a  catarrh  of  the  finer  bronchi,  there  is  often 
Collapse  of  the  corresponding  portion  of  lung  even  before  any  actual 
inflammatory  process  has  occurred.  The  obstruction  of  the  tubes  with 
tough  secretion  sufficiently  accounts  for  this  collapse  (see  p.  738).  It 
is  a  lobular  collapse,  and,  as  seen  from  the  surface,  areas  of  larger  or 
smaller  size  are  depressed  and  of  a  bluish  red  colour.  These  are 
mostly  to  be  found,  in  the  first  instance,  at  the  posterior  and  inferior 
parts  of  the  lung.  In  other  parts,  and  especially  in  the  upper  lobes, 
we  may  have  emphysema. 

The  inflammation  does  not  confine  itself  to  the  bronchi  and  alveoli, 
but  may  extend  to  the  connective  tissue  of  the  lung  generally.  In 
such  cases  the  exudation  in  the  bronchi  is  composed  of  leucocytes, 
and  cells  of  a  similar  character  infiltrate  the  bronchial  wall  and  neigh- 
bouring structures,  the  bronchi  evidently  forming  centres  of  irritation. 

In  many  cases  Acute  pleurisy  accompanies  the  process  in  the  lung. 

The  inflammatory  products  in  the  air  vesicles  may  after  a  time 
undergo  fatty  degeneration,  break  down,  and  be  discharged,  some  part 
of  them  being  probably  absorbed  by  the  lymphatics.  In  some  cases, 
however,  the  result  is  not  in  every  part  of  the  lung  so  fortunate.  For 
one  thing,  the  collapsed  portions  may  remain  uninflated,  and,  as  con- 
siderable tracts  of  lung  may  be  affected,  marked  shrinking  of  the  lung 
and  deformity  may  result.  Or,  again,  the  catarrh  may  become  chronic, 
and,  being  associated  with  an  interstitial  inflammation,  result  in  a  per- 
manent induration,  the  alveoli  being  encroached  on  by  the  growing 
connective  tissue,  as  in  the  case  of  chronic  pneumonia.  In  this  way, 
the  person,  though  recovering,  emerges  from  the  disease  with  a 
damaged  lung ;  according  to  the  extent  of  the  permanent  damage 
will  be  the  shrinking  of  the  lung  and  possible  displacement  of  organs. 
Again,  phthisis  pulmonalis  may  develop  out  of  an  acute  catarrhal 
pneumonia,  but  this  is  fortunately  an  unusual  result. 

It  has  already  been  mentioned  that  the  disease  begins  in  the  bronchi,  and  it 
has  been  asserted  by  Buhl  that,  throughout,  the  inflammation  remains  confined 
to  the  bronchi,  the  inflammatory  products  found  in  the  alveoli  being  simply  j 
insufflated  from  the  bronchi.    This  view,  however,  can  hardly  be  maintained,  as 
evidence  of  acute  changes  can  actually  be  observed  in  the  epithelium  of  the  alveoli.  ' 

3.  Septic  broncho-pneumonia. — This  name  is  applied  to  conditions 
in  which  the  bronchial  tubes  contain  decomposing  matters,  which 
irritate  the  bronchial  wall  and  the  corresponding  lung  parenchyma. 
There  is,  as  in  the  preceding  form,  a  lobular  pneumonia,  and  the 
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histological  changes  are  somewhat  similar,  although  with  a  greater 
tendency  to  suppuration. 

The  circumstances  under  which  the  bronchi  contain  acrid  contents  are 
somewhat  various.  Thus  division  of  the  pneumo -gastric  nerve  in 
animals  leads  to  stagnation  of  the  secretions  of  the  bronchi  and  to  a 
broncho-pneumonia.  Similarly  wTe  sometimes  have  this  condition  in 
persons  who  have  been  long  unconscious  from  disease  of  the  brain,  and 
in  whom  the  bronchial  secretion  stagnates.  In  cases  of  bronchiectasis 
also  there  is  often  a  great  accumulation  of  putrid  juices  in  the  dilated 
bronchi,  which  may  give  rise  to  inflammation.  Gangrene  of  the  lungs 
and  the  presence  of  foreign  bodies  in  the  bronchi  are  also  occasional 
causes  of  the  condition  under  consideration.  In  these  cases  the  putrid 
matters  are  sometimes  carried  inwards  into  the  finer  bronchi  by  the 
inspiratory  current,  and  the  resulting  lobular  pneumonia  may  be  at 
parts  distant  from  the  original  lesion.  In  such  cases  the  name 
Insufflation  pneumonia  is  sometimes  applied.  In  new-born  children 
there  is  sometimes  a  broncho-pneumonia  brought  about  by  the  insuffla- 
tion of  the  amnionic  fluid  or  of  putrid  fluids  from  the  maternal  parts. 

4.  Diphtheritic  pneumonia. — In  many  cases  of  diphtheria  the  exu- 
dation extends  down  the  bronchi  even  to  their  finest  ramifications,  and 
sometimes  also  to  the  lung  alveoli.  The  bronchi  contain  casts  which 
do  not  generally  obstruct  the  calibre  entirely.  These  casts  consist  of 
fibrine  and  leucocytes,  the  latter  in  great  abundance.  Sometimes  the 
finer  bronchi  generally  are  filled  with  leucocytes.  There  is  also  exuda- 
tion of  leucocytes  into  the  air  vesicles,  but  not  usually  of  fibrine. 

5.  Embolic  pneumonia  (Pycemia  or  Metastatic  abscesses). — In  cases 
of  septic  thrombosis  of  veins  (thrombo-phlebitis)  in  connection  with 
wounds  or  abscesses,  a  septic  embolism  is  liable  to  occur,  in  which  the 
lungs  are  most  directly  involved.  Pieces  of  the  thrombi  containing 
pyogenic  microbes  (generally  staphylococcus  pyogenes  aureus)  are 
carried  to  the  lung  and  are  caught  in  small  arteries  or  capillaries. 

Each  such  embolus  becomes  a  centre  of  acute  inflammation,  going  on 
usually  to  suppuration  and  gangrene.  If  a  considerable  branch  be 
obstructed  there  may  be  at  first  the  regular  hemorrhagic  infarction. 
But  soon  there  is  such  an  abundant  exudation  of  leucocytes  that  the 
red  colour  is  obscured,  and  the  result  is  an  area  of  grey  hepatization. 
A  similar  grey  hepatization  will  develop  if  there  has  been  no  haemor- 
rhage. The  patch  will  be  wedge-shaped  or  round  according  to  the 
vessel  affected.  The  grey  hepatization  gives  place  to  a  purulent 
infiltration,  usually  with  gangrene  of  the  lung  tissue  and  the  regular 
formation  of  an  abscess. 

Such  metastatic  abscesses  are  very  various  in  size,  form,  and  num- 
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ber.  If  the  embolism  be  capillary  there  may  be  multitudes  of  minute 
abscesses,  but  very  often  there  are  only  a  few  and  these  may  be  of 
some  size. 

If  an  abscess  be  near  the  surface  it  gives  rise  to  an  acute  pleurisy 
which  is  apt  to  be  suppurative  in  character.  This  may  occur  with- 
out the  actual  bursting  of  an  abscess  into  the  pleura,  the  microbes 
propagating  through  the  inflamed  wall  into  the  pleural  cavity. 

6.  Chronic  pneumonia  (Interstitial  pneumonia,  Simple  cirrhosis  of  the 
lung). — We  include  here  those  conditions  in  which  the  lung  tissue 
is  the  seat  of  a  simple  chronic  inflammation,  without  anything  of  a 
tubercular  or  other  specific  nature.  The  simplest  cases  are  those  in 
which  an  acute  pneumonia,  instead  of  resolving,  passes  into  a  chronic 
condition.  But  there  seem  to  be  cases  also  in  which  a  pneumonia  is 
chronic  from  the  outset.  This  is  the  case  commonly  in  old  persons, 
and  it  may  therefore  be  said  that  senile  pneumonia  is  included 
under  the  present  head.  To  a  certain  extent  the  same  is  true  of 
pneumonia  in  drunkards  and  in  debilitated  persons,  especially  when 
it  affects  the  apex  of  the  lung.  In  addition  to  that  we  have  a  very 
important  group  in  which  chronic  inflammation  is  set  up  by  the 
inhalation  of  irritating  solid  particles,  as  among  potters,  stone-hewers, 
etc.    (See  further  on.) 

The  chronic  inflammation  here,  as  in  other  organs,  is  chiefly 
characterized  by  a  new-formation  of  connective  tissue,  so  that  In- 
duration of  the  lung  is  the  result.  In  this  view  of  it  the  terms 
chronic  interstitial  pneumonia,  cirrhosis,  sclerosis,  are  sometimes  used 
as  being  virtually  of  the  same  meaning  as  chronic  pneumonia.  But 
here  it  is  necessary  to  distinguish  very  carefully.  We  shall  see 
afterwards  that  there  is  a  form  of  tuberculosis  of  the  lung  commonly 
called  fibroid  phthisis,  in  which  a  great  new-formation  of  connective 
tissue  occurs.  It  is  of  importance  to  note  that  while  fibroid  phthisis 
leads  to  great  shrinking  and  contortion  of  the  lung,  there  is  little 
of  this  effect  in  most  cases  of  chronic  pneumonia,  the  conditions  in 
this  respect  differing  from  those  in  interstitial  inflammation  of  the 
liver  and  kidneys. 

The  naked-eye  appearances  presented  by  the  lung  in  cases  of 
acute  pneumonia  which  have  had  a  prolonged  course  and  have  become 
chronic  are  not  unlike  those  of  the  lung  in  the  stage  of  grey 
hepatization.  The  disease  is  generally  confined  to  one  lung,  and 
may  affect  only  a  portion  of  it.  The  lung  is  bulky  and  dense,  and 
feels  solid  to  the  touch.  AVhen  cut  into,  the  solid  lung  has  usually 
a  grey  colour,  although  sometimes  with  a  tint  of  red,  but  it  has  a 
smoother  cut  surface  than  that  in  hepatization,  and  the  tissue  is 
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much  tougher.  To  this  condition  the  name  Iron-grey  induration 
may  be  aptly  applied. 

Under  the  microscope  the  conditions  are  such  as  are  indicated  in 
Fig.  375.    The  walls  of  the  alveoli  are  greatly  thickened  by  fibrous 


Fig.  375.— Chronic  pneumonia.  The  connective  tissue  is  greatly  increased,  and  the 
alveoli  (a,  a,  a,)  are  represented  by  contracted  spaces  lined  with  well-formed  epi- 
thelium. The  epithelium  here  is  much  more  distinct  than  in  the  normal  alveoli, 
x  350. 


tissue,  which  largely  encroaches  on  the  alveoli,  the  epithelium  of 
which  is  preserved,  and  sometimes  occupies  their  interior.  When 
it  is  considered  that  the  lung  as  a  whole  is  not  reduced  in  bulk, 
and  that  the  alveoli  are  in  great  part  empty,  then  the  overgrowth 
•of  connective  tissue  will  be  understood  to  be  very  great.  Along 
with  the  interstitial  new-formation  there  is  commonly  thickening 
and  adhesion  of  the  pleura. 

In  some  cases  there  is  a  very  striking  appearance  as  if  the  fibrinous 
plugs  in  the  alveoli  in  acute  pneumonia  were  being  eaten  into  and 
replaced  by  connective  tissue.  There  are  obvious  masses  of  con- 
nective tissue  inside  the  alveoli,  sometimes  distinctly  pedunculated. 
These  have  arisen  in  a  manner  similar  to  that  in  which  a  thrombus 
becomes  organized,  the  new-formed  tissue  moulding  itself  on  the 
fibrinous  plug.  This  appearance  establishes  the  fact  that  chronic 
pneumonia  sometimes  develops  out  of  acute,  a  view  which  has  been 
questioned. 

In  some  cases  the  new-formed  connective  tissue  takes  on  a  cica- 
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tricial  character  and  by  its  contraction  destroys  and  contorts  the 
proper  lung  tissue.  Just  as  in  the  case  of  cirrhosis  of  the  liver,  there 
is  here  an  atrophy  of  the  normal  structure  and  a  tendency  in  the 
organ  to  shrink.  This  leads  to  dilatation  of  the  bronchi  on  principles 
already  enunciated,  so  that  Bronchiectasis  is  a  prominent  feature  in 
advanced  cases  of  this  kind.  The  bronchial  secretion  may  stagnate 
in  the  dilated  bronchi  and  decompose  ;  the  irritation  of  the  decom- 
posing juices  sometimes  causes  ulceration,  and  ragged  cavities  may 
thus  form,  so  that  the  condition  may  come  to  resemble  phthisis 
pulmonalis. 

Literature. — L.exxkc,  Traite  d'auscult.  med,  1819  ;  Rokitaxsky,  Lehrb.  d.  path. 
Anat.,  iii.,  1861  ;  Stokes,  Dis.  of  chest,  1837;  Friedlander,  Ueber  Lungenentz., 
1S7:>  :  Jurgenben,  in  Ziemssen's  Handb.,  2nd  ed.,  1882,  and  Volkmann's  Lectures 
(Syd.  Sue.  transl.),  1870;  Gairdxer,  Clin.  Med.,  1862;  Sturges,  Nat.  hist,  and 
relations  of  Pneum.,  187(5;  Collective  Invest.  Kecord,  vol.  ii.,  1884;  Hirsch, 
Geograph.  und  histor.  Path.,  1886,  iii.,  125  ;  Russell,  Peculiar  outbreak  of  feb. 
disease,  1888;  Strain,  (epidemic  pneumonia)  Glasg.  Med.  Jour.,  xxviii.,  331; 
Leyden,  (  Abscess  and  gangrene)  Volkmann's  Samml.,  Nos.  cxiv.  and  cxv.,  1877  ; 
A.ULD,  Lancet,  1890  and  1891  :  Sturges  and  Coupland,  Nat.  hist,  and  relations 
of  Pneum.,  1890. 

VII.— GANGRENE  OF  THE  LUNGS. 

In  this  condition  necrosis  of  a  definite  piece  of  lung  tissue  occurs. 
The  necrosis  is  always  accompanied  or  followed  by  decomposition, 
and  the  irritating  character  of  the  decomposing  material  plays  an 
important  part  in  the  processes  concerned.  The  gangrene  may 
itself  arise  by  the  action  of  decomposing  material.  If  a  foreign 
substance,  such  as  a  piece  of  solid  food,  gets  into  a  bronchus  it 
may  induce  a  bronchitis  with  putrescence  of  the  secretion,  and  the 
irritation  of  the  putrid  juices  may  induce  gangrene  of  the  lung. 
Similarly,  putrid  juices  inspired  from  ulcers  and  wounds  of  the 
mouth  and  air-passages,  or  perforation  of  abscesses  or  ulcers  into 
the  trachea  or  bronchi  may  set  it  up.  Again,  the  juices  in  cavities, 
especially  in  those  arising  by  dilatation  of  bronchi,  may  stagnate 
and  decompose,  and  lead  to  gangrene.  Wounds  and  contusions  may 
cause  necrosis  directly.  Sometimes  the  lung  tissue  dies  in  severe 
cases  of  typhoid  fever  or  other  zymotic  diseases.  We  have  also 
seen  that  gangrene  may  occasionally  follow  the  hemorrhagic  in- 
farction or  acute  pneumonia,  and  that  it  is  a  constant  feature  of 
the  metastatic  abscess.  Lastly,  there  are  some  cases  in  which  the 
cause  of  the  gangrene  is  obscure,  but  these  cases  as  well  as  those 
with  a  more  definite  cause,  are  somewhat  common  in  debilitated 
persons  and  those  given  to  alcoholic  excess. 
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It  is  customary  to  divide  gangrene  of  the  lung  into  a  circumscribed 
and  a  diffuse  form.  In  both  the  lung  tissue  dies  and  decomposes, 
ultimately  becoming  separated,  if  the  patient  survive,  as  a  shreddy 
slough,  which  occupies  the  cavity  formed  by  the  loss  of  tissue.  In 
the  diffuse  form  there  are  gangrenous  patches  throughout  the  lung, 
or  a  considerable  portion  of  it,  and  there  is  little  probability  of 
the  effects  becoming  limited  by  reactive  inflammation  in  the  neigh- 
bourhood. The  diffuse  ,  form  not  infrequently  develops  from  the 
circumscribed,  the  decomposing  juices  from  the  slough  causing  still 
further  necrosis. 

The  various  changes  which  occur  around  a  gangrenous  piece  of 
lung,  and  in  more  distant  parts  of  the  organ,  are  related  to  the 
irritating  character  of  the  slough.  These  changes  are  mainly  in- 
flammatory. The  immediately  neighbouring  lung  tissue  is  acutely 
inflamed,  and  there  is  thus  a  zone  of  condensation  around  having 
the  usual  features  of  acute  pneumonia,  often  with  a  specially  hemor- 
rhagic character.  In  this  inflammatory  zone  the  gangrene  may 
advance.  On  the  other  hand  the  slough  may  be  detached  by  the 
inflammatory  process,  and  through  time,  a  more  chronic  inflammation 
having  occurred,  the  slough  may  be  separated  from  the  lung  tissue 
by  a  layer  of  granulation  tissue  which  produces  pus  abundantly 
into  the  interior  of  the  cavity.  If  the  slough  lie  small  enough,  the 
cavity  may,  after  the  discharge  of  the  slough,  ultimately  contract 
and  form  a  cicatrix,  but  in  the  case  of  larger  sloughs  a  suppurating 
Cavity  may  long  remain. 

The  effect  on  the  bronchi  is  of  importance.  The  decomposing 
juices  from  the  slough  and  from  the  inflamed  lung  tissue  find  their 
way  into  the  bronchial  tubes,  where  they  set  up  an  acute  inflam 
niation  of  a  highly  suppurative  character.  A  rich  secretion  of  putrid 
pus  is  the  result.  This  secretion  carried  to  the  bronchi  in  other 
parts  of  the  lung  may  set  up  a  lobular  pneumonia  (see  ante),  or 
there  may  be  as  a  result  gangrene  in  numerous  small  isolated 
patches,  and  in  this  way  multiple  small  abscesses  may  occur.  If 
the  gangrene  be  near  the  surface  an  acute  pleurisy  is  the  result, 
with  fibrinous  exudation.  Sometimes  the  cavity  opens  into  the  pleura, 
and  we  have  a  suppurative  pleurisy,  perhaps  with  pneumothorax. 

An  occasional  complication  of  gangrene  is  Hemorrhage.  As  the 
slough  separates  the  more  resistant  tissues  retain  their  connection 
longest.  The  bronchi  and  larger  vessels  sometimes  remain  as  rigid 
trabecuhe  in  the  midst  of  the  soft  slough.  The  arteries  remain 
longest  in  connection,  but  they  are  usually  filled  with  thrombi  and 
obliterated.    Occasionally,  however,  the  gangrene  advances  around 
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an  artery  which  is  still  pervious,  and  in  that  case  haemorrhage  of 
a  serious  or  even  fatal  character  may  result. 

Sometimes  the  gangrene  leads  to  a  definite  septicaemia,  or  metastatic 
inflammations  result,  having  their  seats  especially  in  the  brain.  In 
these  cases  the  decomposing  material  gets  into  the  pulmonary  veins, 
having  first  caused  thrombosis  of  them. 

A  peculiar  feature  in  gangrene  of  the  lung  is  the  very  abundant  and  highly 
Putrid  sputum.  The  decomposing  juices  from  the  slough  set  up,  wherever  they 
are  carried,  acute  suppurative  inflammations,  and  the  abundant  inflammatory 
products  also  undergo  decomposition.  The  bronchial  tubes  being  weakened  by 
the  severe  inflammation  often  undergo  bronchiectasis,  and  the  material  stagnates 
in  them  all  the  more,  and  decomposes.  So  it  happens  that  in  the  cavity  itself 
and  in  the  dilated  bronchi  there  are  usually  large  quantities  of  putrid  secretion. 
This  is  expectorated  at  intervals,  and  sometimes  so  abundantly  that  it  pours  out 
of  nose  and  mouth.  The  sputum  is  extraordinarily  foetid,  and,  if  allowed  to 
stand,  deposits  triple  phosphates,  crystals  of  margarine,  etc.  It  also  contains 
abundant  pus  corpuscles,  many  of  them  broken  down  by  decomposition,  pieces 
of  lung  tissue,  and  bacteria  isolated  and  in  colonies.  Sometimes  the  sputum 
contains  also  spirilla. 

Literature. — L/kxxec,  Traite  d'ausculfc. ;  Leyden,  Volkmann's  Sammlung,  No.  26, 
1871 ;  Hertz,  in  Ziemssen's  Handb.,  v.,  ")14,  1877;  Haxot,  Progres  med.,  1870, 
No.  14. 

VIII.— PHTHISIS  PULMONALIS.    PULMONARY  TUBERCULOSIS. 

I.  Definition. — The  term  phthisis  pulmonalis  was  originally  used 
to  designate  a  wasting  of  the  body  associated  with  disease  of  the 
lung.  In  its  modern  use  it  is  applied  to  cases  in  which  the  lungs 
are  affected  by  a  progressive  lesion,  the  ordinary  and  regular  result 
of  which  is  destruction  of  the  lung  tissue  and  the  formation  of 
cavities.  The  idea  of  wasting  is  thus  transferred  to  the  lungs,  and 
associated  with  the  anatomical  character  of  the  lesion.  It  has  always 
been  recognized  that  tuberculosis  plays  a  considerable  part  in  the 
pathology  of  phthisis  pulmonalis,  but  it  is  only  of  late  years  that 
a  more  complete  demonstration  has  been  furnished  of  the  fact  that 
virtually  all  cases  conforming  to  the  above  definition  are  really 
cases  of  tuberculosis  of  the  lung.  There  may  be  a  few  cases  of 
actinomycosis,  and  possibly  some  of  syphilis,  in  which  lesions  some- 
what similar  in  character  are  produced,  but  they  are  so  few  that 
phthisis  pulmonalis  may  now  be  regarded  as  synonymous  with  local 
tuberculosis  of  the  lung. 

It  may  be  well  here  to  refer  briefly  to  the  various  phases  through  which  the 
views  as  to  the  pathology  of  phthisis  have  gone  since  the  time  of  Lrennec,  especially 
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as  many  of  the  terms  in  common  use  in  connection  with  the  disease  are  related 
to  some  of  these  views. 

Lsennec  believed  that  there  was  a  particular  tubercular  matter  which  was  liable 
to  be  deposited  in  the  lungs  or  elsewhere.  It  might  be  deposited  in  isolated 
places,  forming  miliary  tubercles,  or  infiltrated  into  a  considerable  portion  of 
lung,  forming  infiltrated  tubercle.  In  both  cases  the  deposit  usually  began  as  a 
Grey  transparent  structure,  which,  however,  was  prone  to  change  into  a  yellow 
or  whitish  material  that  was  drier  and  harder.  This  yellow  material  was  called 
Yellow  or  Crude  tubercle,  whether  occurring  in  the  isolated  or  in  the  infiltrated 
form.  All  cases  were  regarded  as  tubercular  in  which  there  were  either  isolated 
nodules  or  extensive  infiltrations,  whether  these  were  grey  or  yellow. 

By  and  by  it  came  to  be  seen,  however,  that  many  of  the  conditions  in  phthisis 
are  simply  inflammatory.  The  minute  histological  characters  of  what  we  now 
•call  the  tubercle  were  discriminated,  and  the  essentially  inflammatory  processes 
were  sought  to  be  separated  from  the  tubercular.  It  was  shown  that  the  existence 
of  caseous  material  is  no  evidence  of  tuberculosis,  since  the  ordinary  products  of 
inflammation  and  other  new-formations,  such  as  tumours,  may  undergo  this 
change,  which,  in  its  essence,  is  really  a  necrosis  with  degeneration  of  the 
structures  concerned.  In  phthisis,  then,  the  process  is  largely  an  inflammatory 
one,  with  the  special  tendency  in  the  products  of  inflammation  to  undergo  a 
caseous  metamorphosis.  In  this  way  arose  Virchow's  designation  Caseous  pneu- 
monia— an  inflammation  with  a  caseous  tendency  in  its  products,  just  as  scrofulous 
■disease  of  the  glands  is  an  adenitis  with  a  similar  tendency. 

When  the  lungs  in  phthisis  were  more  particularly  examined,  however,  it  was 
found  that  the  condition  is  not  such  a  purely  inflammatory  one  as  Virchow's 
position  would  indicate.  In  all  stages  of  the  disease  Tubercles  are  to  be  found 
alongside  the  inflammatory  products.  The  tubercles  undergo  changes  similar  to  the 
latter,  and  it  is  often  difficult  to  discriminate  between  the  two,  especially  when  caseous 
metamorphosis  has  occurred.  But,  in  nearly  all  cases  where  the  disease  is  advanc- 
ing, proper  tubercles  are  to  be  found  along  with  the  inflammatory  conditions. 

The  more  modern  position  brings  us  back  more  nearly  to  that  of  Lamnec. 
Again,  we  regard  phthisis  as  a  tubercular  disease,  but  not  merely  in  the  general 
sense  of  Lamnec.  We  are  to  observe  carefully  the  inflammatory  processes  and 
distinguish  their  effects  on  the  lung  tissue.  Our  position  differs  also  from  Lamnec's 
in  respect  that  he  regarded  a  particular  state  of  the  constitution  as  the  essential 
<;ause  of  the  tuberculosis.  It  is  not  to  be  denied  that  the  lungs  must  be  in  a 
state  of  susceptibility  before  they  can  be  affected  by  the  tubercular  Virus,  but  the 
same  may  be  said  concerning  any  form  of  tuberculosis,  and  indeed  concerning 
ordinary  inflammatory  processes.  We  know  that  different  persons,  or  the  same 
person  at  different  times,  are  very  variously  susceptible  to  catarrhs,  and  to 
inflammations  of  all  sorts. 

We  are  to  regard  phthisis  pulmonalis  as  a  Local  tuberculosis  in 
which  inflammatory  processes  and  the  actual  formation  of  tubercles 
manifest  themselves,  and  both  lead  on  to  necrosis  and  ulceration. 

2.  Causation. — In  what  has  been  said  above  it  has  been  implied 
that  the  causation  of  phthisis  pulmonalis  is  connected  with  the 
tubercle  bacillus.  All  that  has  been  said  in  regard  to  the  causation 
of  tuberculosis  at  pages  221-23  applies  here. 

3  c 


770 


THE  LUNGS. 


There  is,  in  this  as  in  other  forms  of  tuberculosis,  not  only  the 
action  of  the  specific  microbe  to  be  considered,  but  also  the  sus- 
ceptibility of  the  individual,  which  may  be  inherited,  but  is  often 
acquired.  It  is  acquired  principally  in  the  case  of  persons  so  placed 
as  to  have  the  general  health  reduced,  and  in  whom  especially  the 
respiratory  functions  do  not  get  justice.  Persons  living  in  close 
dwellings,  especially  when,  at  their  work  in  factories  and  otherwise, 
they  are  in  the  habit  of  breathing  vitiated  air,  in  which,  it  may 
be,  finely  divided  dust  is  abundantly  suspended,  frequently  acquire 
a  tendency  to  phthisis  although  not  originally  predisposed. 

In  relation  to  the  resulting  lesions,  the  Path  of  entrance  of  the 
irritant  to  the  lungs  is  a  matter  of  importance.  In  the  study  of 
the  lesions  met  with  we  shall  find  that  they  all  start  at  the  finer 
bronchi.  A  catarrh  of  the  finest  bronchial  tubes,  usually  occurring 
in  a  number  of  these  simultaneously,  is  the  starting  point  of  a 
variety  of  lesions,  which,  however,  for  a  considerable  time  remain 
related  to  the  bronchi  in  their  distribution.  This  is  an  indication 
thai  thr  .i-rnl  finds  access  to  the  lungs  by  the  inspired  air. 

As  a  general  rule  the  bacilli  probably  find  entrance  in  small  numbers 
and  by  accident,  but  there  are  cases  of  a  more  considerable  Insufflation 
of  tubercular  matter.  Thus  in  a  case  observed  by  the  author  a  tuber- 
cular lymphatic  gland  adherent  to  a  bronchus  burst  into  the  bronchus 
with  the  result  of  an  acute  tuberculosis  in  a  limited  district  of  the  lung. 
There  may  also  be  a  somewhat  rapid  extension  from  insufflation  in 
tuberculosis  of  the  larynx. 

The  Localization  at  the  apex  of  the  lungs  of  the  earliest  lesions 
is  probably  related  to  the  fact  that  the  apices  of  the  lungs  are  the 
least  expansile  portions.  The  first  rib  even  in  women  is  very  little 
raised  in  inspiration,  and  in  persons  with  weak  respiratory  movements 
the  air  is  apt  to  stagnate  at  the  apex.  This  view  receives  some 
confirmation  from  the  fact  that  phthisis  so  frequently  improves  when 
the  patients  go  to  reside  in  high  altitudes  where  the  rarefied  air 
requires  more  vigorous  respiratory  efforts.  In  such  persons  the  size 
of  the  chest  as  a  whole  generally  undergoes  an  increase.  Remember- 
ing that  the  tubercle  bacillus  is  of  slow  growth,  we  may  presume 
that  it  is  more  likely  to  obtain  a  footing  when  it  is  left  undisturbed 
in  parts  where  the  air  is  more  or  less  stagnant. 

3.  Anatomical  changes  in  phthisis. — In  studying  the  changes  in 
the  lung  it  will  be  necessary  to  give  descriptions  of  the  various 
processes  separately,  and  to  a  certain  extent  these  processes  are 
separable,  but  at  the  same  time  it  is  to  be  understood  that  many  of 
them  go  on  together  and  by  their  simultaneous  occurrence  frequently 
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mask  each  other.  It  may  be  said  in  general  that  the  disease, 
beginning  in  the  finer  bronchi,  tends  to  spread  in  one  of  two  direc- 
tions, or  in  both  of  them  at  once,  namely,  along  the  bronchi  to  the 
lung  alveoli,  or  else  from  the  bronchi  to  the  surrounding  connective 
tissue  and  on  into  the  general 
connective  tissue  of  the  lungs. 
In  both  cases  we  find  tubercles 
developed  in  all  stages  of  the 
process,  and  in  both  there  is 
inflammation,  but  of  different 
kinds  according  to  the  structures 
involved.  In  the  one  case  there 
is  chiefly  catarrh  of  the  lung 
alveoli,  although  the  alveolar 
wall  and  surrounding  connective 
tissue  also  show  new-formation. 
In  the  other  case'  the  inflam- 
mation produces  new-formation 
of  connective  tissue  and  conse- 
quent induration.  It  is  im- 
portant to  observe  that  the 
tubercles  which  occur  in  both 
cases  partake,  to  a  considerable 
extent,  in  the  peculiarities  of 

the  inflammations.     In  the  case  Fig.  876.-  Upper  part  of  lung  in  an  advanced 

.                                      .  case  of  caseous  phthisis.    There  is  a  large  cavitv 

Of  extension  to  the  connective  with  many  irregular  septa.   The  surface  of  the 

,           -.       ■■              _  cavity  is  rough  and  irregular.  Compare  this  con- 

tlSSlie    the    tubercles    tend    to  dition,  which  is  that  of  the  active  disease,  "with 

,                                   n            '  Fig.        in  which  the  disease  has  retrograded. 

undergo  timnus  transformation. 

o 

In  the  other  case  they  are  liable  rather  to  caseous  necrosis. 

According  to  the  preponderance  of  one  or  other  of  these  groups  of 
lesions  we  may  distinguish  two  principal  forms  of  phthisis,  which 
may  be  called  the  caseous  and  the  fibroid  forms  respectively. 

(a)  The  Caseous  form. — When  the  lungs  are  examined  in  an 
ordinary  case  of  this  kind  after  death  they  are  found  adherent  to 
the  chest  wall,  and  they  are  usually  seen  to  be  the  seats  of  several 
cavities,  chiefly  in  the  upper  lobes.  The  cavities  are  of  various  sizes 
and  very  irregular  in  outline  (see  Fig.  376).  There  are  very  often  one 
or  more  large  ones  divided  by  partial  septa,  evidently  formed  by  the 
coalescence  of  several  smaller  ones.  If  the  disease  be  in  active 
progress,  as  is  mostly  the  case  at  the  time  of  death,  the  internal 
surface  of  the  cavities  is  rough  and  irregular  as  if  from  ulceration. 
The  cavities  may  contain  a  curdy  pus,  or  they  may  be  comparatively 
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empty,  but  their  internal  surface  is  usually  coated  more  or  less 
with  a  yellow  curdy  matter.  If  the  cavities  are  at  all  smooth 
on  the  surface,  or  free  from  the  appearance  of  ulceration,  these 
are  signs  that  the  disease  is  to  some  extent  in  a  condition  of 
retrogression.  The  tissue  immediately  around  is  usually  condensed 
and  pigmented. 

It  is  necessary  to  look  away  from  the  cavities  in  order  to  observe 
indications  of  the  Initial  lesion.  One  can  nearly  always  distinguish 
in  the  midst  of  the  crepitant  and  comparatively  normal  tissue  isolated 
areas  of  condensation,  such  as  those  illustrated  in  Fig.  377.  They 

can  be  felt  as  solid  masses  in  the  soft 
tissue,  and  on  section  they  stand  out 
above  the  general  level  of  the  cut  surface. 
They  are  usually  more  or  less  rounded 
in  area  and  present  on  section  indications 
of  a  lobular  arrangement,  there  being  a 
central  stem  and  bodies  grouped  round  it 
like  grapes  on  a  bunch,  or,  more  correctly, 
like  the  carpels  of  a  berry.  The  central 
parts  are  generally  whitish  or  yellow  and 
opaque,  and  this  appearance  may  involve 
the  whole  area,  but  the  peripheral  parts 
have  usually  a  grey  translucent  character. 
The  coalescence  of  areas  having  these 
characters  gives  rise  to  considerable  con- 
densations, in  which  no  such  lobular 
arrangement  may  be  visible,  although  at  the  margins  there  are  gene- 
rally indications  of  it. 

On  microscopic  examination  of  the  more  recent  of  the  initial  lesions, 
appearances  will  be  found  which  may  be  illustrated  by  Fig.  378. 
The  lesion  begins  and  centres  in  a  small  bronchus.  The  bronchus 
is  plugged  with  what  is  at  first  merely  an  inflammatory  exudation 
(b)  consisting  of  desquamated  epithelium  and  round  cells.  The  out- 
line of  the  tube  is  preserved  (a)  but  its  wall  is  considerably  infiltrated 
with  round  cells  (c).  The  plugged  bronchi  form  the  central  stems 
and  branching  twigs  of  the  areas  under  consideration,  but  there  is 
an  extension  to  the  lung  alveoli,  and  here  also  we  have  the  effects 
of  inflammation.  The  inflammation  is  generally  of  the  parenchy- 
matous or  catarrhal  character,  and  the  alveoli  are  occupied  by  large 
catarrhal  cells  which  are  the  derivatives  of  the  alveolar  epithelium. 
Sometimes  the  epithelium  itself  is  seen  enlarged  and  it  may  be 
desquamating.    Blood  is  very  often  present  along  with  the  catarrhal 


Fig.  377.— Lobular  condensations 
in  the  caseous  form  of  phthisis. 
Hounded  areas  are  seen  which,  beiug 
solid,  stand  out  from  the  general 
level.  From  piece  of  lung  in  the 
fresh  state. 
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cells,  sometimes  in  such  abundance  as  to  fill  the  alveoli.  In  the 
specimen  of  which  Fig.  378  is  a  drawing,  for  example,  the  alveoli 
contained  much  blood  (see  further  on  under  Haemorrhage). 


Fig.  37S.— Caseous  phthisis;  recent  centre,  a,  wall  of  bronchus  with  pigment 
externally  ;  l>,  plug  in  bronchus  ;  c,  round  cells  infiltrating  wall  of  bronchus ;  d, 
alveoli  filled  with  blood  and  catarrhal  cells,     x  00. 


The  exudation  in  the  alveoli  is  sometimes  more  like  that  of  an  acute 
inflammation,  consisting  to  some  extent  of  round  cells,  and  there  are 
cases  in  which  even  fibrine  is  present. 

Besides  these  inflammatory  conditions  we  have  Tubercles  present  in 
the  affected  parts.  The  bronchial  wall,  as  we  have  seen,  is  infiltrated 
with  leucocytes  which,  as  they  accumulate,  obscure  the  structure  of 
the  wall.  They  also  extend  to  the  connective  tissue  outside  the 
bronchial  wall,  and  to  the  alveolar  wall.  In  the  midst  of  these 
evidences  of  inflammation  definite  tubercles  are  visible,  sometimes 
typical  in  every  respect  (see  Fig.  379).  But  they  are  apt  to  be 
somewhat  indefinite  from  the  existence  of  the  inflammatory  infiltra- 
tion, so  that  only  the  giant-cells  may  be  definitely  distinguishable. 
The  giant-cells  not  infrequently  take  into  their  substance  the  black 
pigment  of  the  lung  tissue,  and  so  may  be  somewhat  strikingly 
manifest. 
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Fig.  379.— Tubercle  with  giant-cell  in  lung  in  case  of 
caseous  phthisis,    x  100. 


Another  feature  which  distinguishes  the  process  is  the  occurrence  of 
Caseous  necrosis.     This  consists,  as  we  have  seen,  in  the  death  of  the 

structures,  accompanied 
by  the  production  of 
finely  granular  fat.  As 
this  change  reduces  every- 
thing which  it  affects  to 
a  homogeneous  granular 
condition,  it  greatly  ob- 
scures the  structure  and 
renders  the  identification 
of  the  individual  elements 
very  difficult.  It  occurs 
in  all  the  structures  al- 
ready described  as  affected 
by  the  inflammation,  the 
plug  which  fills  the  bron- 
chus, the  bronchial  wall, 
the  contents  of  the  alve- 
olus, the  alveolar  wall, 
and  the  tubercles.  If  the 
process  is  not  very  advanced,  then  it  may  be  seen  that  the  caseous 
necrosis  begins  in  the  bronchus,  as  in  Fig.  380,  the  outline  of  the 
tube  being  still  visible.  In  this  illustration  the  change  has  extended 
to  the  alveoli  immediately  around  the  bronchus,  and  their  outlines 
are  still  obscurely  visible  in  the  midst  of  the  general  granular 
appearance.  Outside  the  caseous  area  the  alveoli  are  filled  with 
catarrhal  cells  and  their  walls  infiltrated  with  round  cells.  The 
caseous  matter  is  visible  to  the  naked  eye  as  a  yellow  or  white 
opaque  substance  which  is  somewhat  brittle,  and,  like  cheese,  consists 
of  nitrogenous  matter  containing  finely  divided  fat. 

The  dead  caseous  matter  may  lie  for  a  long  time  and  do  little  harm, 
just  as  any  inert  dead  animal  matter  may.  It  may  even  undergo  a 
partial  absorption,  or  with  this  may  be  combined  an  infiltration  with 
lime  salts,  so  that  ultimately  a  cretaceous  mass  remains  embedded  in 
the  lung.  These  processes,  however,  imply  that  the  tuberculosis  has 
ceased  to  be  active  and  that  the  caseous  matter  is  inert.  It  is  more 
usual  to  have  a  disintegration  of  the  caseous  matter. 

Softening  or  breaking  down  of  the  caseous  matter  often  shows 
itself  to  the  naked  eye  in  the  central  parts  of  the  caseating  areas. 
It  can  often  be  determined  under  the  microscope  that  the  softening 
is  beginning  in  the  situation  of  the  bronchus,  which  thus  again 
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proclaims  itself  the  centre  of  the  process.  In  Fig.  380  there  are 
indications  of  a  crumbling  of  the  caseous  matter  and  a  partial  separ- 
ation so  as  to  leave  cracks  or  fissures. 

In  this  way  Cavities  are  formed,  and  each  cavity  implies  the  death 
and  destruction  of  a  certain  portion  of  lung  tissue,  usually  involv- 
ing a  bronchus  and  surrounding  alveoli.    The  broken-down  caseous 


c 

I 


Fig.  3S0.— Caseous  phthisis  ;  further  stage,  a,  caseous  centre,  including  plug  and 
bronchial  wall,  rendered  indistinguishable  by  the  caseation  ;  l>,  alveoli  scarcely 
distinguishable ;  c,  alveoli  further  out,  tilled  with  exudation  and  having  walls 
infiltrated,    x  35. 


material  forms  a  grumous  turbid  fluid,  in  which  the  more  resisting 
elastic  tissue  of  the  lung  may  be  found  still  retaining  to  some 
extent  the  form  of  the  alveoli.  This  elastic  tissue  may  be  frequently 
recognized  in  the  sputum  of  such  patients  by  proper  methods  of 
search  (see  Fig.  381).  At  first  the  cavity  formed  is  small,  but  by 
extension  of  the  process  and  coalescence  of  neighbouring  softenings, 
larger  cavities  result.  These  cavities  are  very  irregular,  and  their 
walls  at  first  ragged  and  ill-defined,  as  in  Fig.  37 G.  The  cavity 
sooner  or  later  opens  into  a  bronchus,  and  its  contents  are 
discharged.  When  the  caseous  material  is  cleared  out  the  wall 
assumes  an  inflammatory  character  and  secretes  pus  more  or  less 
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abundantly.  There  may  be  ultimately  a  smoothing  of  the  walls  of 
the  cavities  by  the  formation  of  connective  tissue,  but  there  is  not 


Pig.  881. — Lung  tissue  from  the  sputum  iu  phthisis.  The  sputum  was  digested  in 
caustic  soda  according  to  Fenwick's  method,  and  then  subjected  to  microscopic 
examination.    X  350. 


the  regular  lining  membrane  of  the  bronchiectatic  cavity,  nor  the 
same  relation  to  the  bronchi.  In  the  walls  of  such  cavities,  and  in 
the  mucous  membrane  of  the  bronchi  with  which  they  are  in  com- 
munication, tubercular  ulcers  may  sometimes  be  distinguished. 

It  may  be  that,  as  Hamilton  suggests,  the  softening  of  the  caseous  matter  is 
by  a  process  akin  to  that  which  occurs  in  the  ripening  of  cheese,  in  which, 
according  to  Duclaux,  certain  insoluble  albuminates  become  soluble  in  water. 

The  whole  process  is  sometimes  a  more  acute  one  than  that 
indicated  above.  The  original  exudation  may  approach  in  its  char- 
acters to  pus,  and  the  process  of  softening  may  present  little  beyond 
a  rapid  necrosis  akin  to  ordinary  necrosis  or  sloughing.  In  these 
cases  there  is  sometimes  a  Purulent  peribronchitis.  Suppuration 
occurs  in  the  bronchial  wall  and  in  the  surrounding  tissue,  andr 
these  structures  being  broken  up,  the  cavity  partakes  of  the  nature 
of  an  acute  abscess.  Some  of  these  abscesses  may  be  near  the 
surface  and  by  rapidly  undermining  the  pleura  cause  it  to  slough. 
By  the  separation  of  the  sloughs  the  cavity  of  the  abscess  may  come 
to  communicate  with  the  pleural  cavity  and  so  pneumothorax  may 
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result.  Sometimes  there  is  even  a  gangrenous  condition  developed, 
and  actual  sloughing  of  pieces  of  lung  tissue  occurs. 

Acute  cases  such  as  these  bespeak  a  peculiar  virulence  of  the 
morbid  agent  or  a  peculiar  susceptibility  of  the  patient.  They 
usually  pass  rapidly  on  to  a  fatal  issue  with  high  fever.  In  some 
cases  recovery  takes  place,  the  pus  dries-in  or  is  discharged,  and 
the  abscesses  become  surrounded  by  indurated  connective  tissue. 

(b)  The  Fibroid  form. — On  post-mortem  examination  in  typical 
cases  of  this  form  the  lung  is  found  very  firmly  adherent  over  the 
affected  part,  which  nearly  always  includes  the  apex.  One  often 
has  to  remove  with  difficulty  a  dense  leathery  cap  which  covers  the 
apex  of  the  lung  (see  Fig.  382).  On  cutting  into  the  lung  there 
are  usually  cavities,  but  they  are  not  generally  large  and  the  internal 


Fig.  382.— Upper  lobe  of  lung  in  fibroid  phthisis,  a,  a,  greatly  thickened  pleura  ; 
I),  condensed  and  pigmented  tissue  ;  C,  cavity  with  distinct  lining  ;  d,  bronchial 
glands  enlarged  and  pigmented  ;  c,  main  bronchus.  The  nearness  of  the  bronchus 
and  glands  to  the  apex  indicates  the  shrinking.    Near  natural  size. 

surface  is  mostly  clean  and  moderately  smooth.  A  distinct  mem- 
brane lines  the  cavity  (c  in  figure).  Outside  the  cavity  the  tissue 
is  of  a  dee})  slaty  colour  in  which  opaque  white  spots  may  be 
occasionally  visible,  and  it  is  very  dense.  The  dense  pigmented 
tissue  may  involve  a  considerable  portion  of  the  lung  and  the 
affected  part  is  shrunken  and  contracted  (see  figure). 

Looking  away  from  the  condensed  part  in  which  the  lesion  is 
advanced,  we  find,  as  in  the  caseous  form,  the  advanced  posts  of 
the  disease  in  the  form  of  isolated  condensations  in  the  midst  of  the 
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crepitating  normal  tissue.  Here  the  Initial  lesion  is  different  from 
that  in  the  other  form.  It  consists  in  hard  dark  or  nearly  black 
solid  bodies,  scattered  through  the  lung  tissue.  On  running  the 
finger  over  the  cut  surface  one  feels  these  bodies  and  they  stand 
out  above  the  general  surface. 

In  this  form  as  in  the  other  a  plugged  bronchus  will  be  found  to 
form  the  centre  of  the  initial  lesion.    This  is  shown  in  Fig.  383, 


Fig.  383. — Fibroid  phthisis,  early  lesion,  a,  a,  bronchial  wall;  b,  b,  projecting 
parts  still  covered  with  epithelium  ;  d,  d,  round  cells  infiltrating  bronchus  ;  e,  exuda- 
tion in  calibre,    x  CO. 


which  is  from  the  centre  of  such  a  lesion.  The  bronchus  contains, 
as  before,  inflammatory  products,  namely,  round  cells  and  desquamated 
epithelium.  The  wall  of  the  bronchus  is  also  infiltrated  with  round- 
cells,  and  tubercles  are  present  in  the  wall  and  in  the  surrounding- 
con  nective  tissue.  There  is,  however,  very  little  appearance  of  in- 
flammation in '  the  lung  alveoli,  and  the  affection  seems  to  advance 
rather  by  the  lymphatics  into  the  connective  tissue  than  along  the 
mucous  surface  to  the  alveoli. 

The  distribution  of  the  Tubercles  is  indicative  of  the  advance  in 
the  directions  just  mentioned.  They  are  often  grouped  in  the 
neighbourhood  of  bronchi,  as  in  Fig.  384,  but  are  also  present  at 
some  distance  (a  to  left  in  figure),  the  process  travelling  by  the 
lymphatics.  The  tubercles  present  in  the  earlier  periods  the  typical 
structure,  and  there  are  frequently  giant-cells  in  their  midst. 
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Haemorrhage  is  very  common  here  as  in  the  other  form,  and  it 
may  be  sufficient  to  fill  out  the  alveoli. 


Fig.  884. — Fibroid  phthisis.  <>,  a,  tubercles  in  connective  tissue,  some  close  to  a 
bronchus,  others  removed  ;  the  darker  centres  indicate  caseation  ;  b,  l>,  emphyse- 
matous lung  tissue,    x  20. 

Caseous  necrosis  is  much  less  a  feature  here  than  in  the  other 
form,  but  it  is  usually  present  in  the  plug  which  fills  the  bronchus, 
as  well  as  to  some  extent  in  the  bronchial  wall.  This  is  shown  in 
Fig.  385,  in  which  the  central  part  (a)  representing  the  plug  is 
homogeneously  granular,  while  the  walls  of  the  tube  are  infiltrated 
with  round  cells.  In  some  places  (as  at  c)  there  is  an  aggregation 
which  with  a  higher  power  is  seen  to  be  a  tubercle. 

A  feature  present  in  this  form,  but  not  in  the  other,  is  Fibroid 
transformation,  which  affects  both  tubercles  and  connective  tissue 
and  gives  its  peculiar  characters  to  this  form  of  phthisis.  The 
tubercles  are  converted  into  clear  structureless  bodies  in  which  all 
the  elements  of  the  tissues  are  lost  except,  occasionally,  one  or  two 
giant-cells.  These  may  be  partly  transformed,  but  may  still  be 
recognizable,  especially  as  they  frequently  contain  a  considerable 
number  of  black  granules. 

A  similar  fibroid  transformation  affects  the  connective  tissue  around 
the  bronchus  and  extends  to  the  general  stroma  of  the  lung.  There 
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is  thus  great  induration  of  the  lung  tissue  and  the  fibrous  tissue 
shrinks  and  produces  great  deformity.    The  shrinking  of  the  tissue, 


Fig.  3i>:>. — Fibroid  phthisis,     a,  bronchus  plugged  and  caseous  ;   b,  0,  wall  of 
bronchue  infiltrated  with  round  cells  and  tubercles  ;  C,  tubercle  in  wall. 

associated  as  it  is  with  adhesion  of  the  pleura,  frequently  leads  to 
drawing  in  of  the  chest  wall,  which  is  often  a  characteristic  feature, 
and  it  leads  also  to  two  lesions  which  are  often  very  apparent  in 
the  lung,  namely,  bronchiectasis  and  emphysema,  both  of  which  are 
complementary. 

Bronchiectasis  is,  in  this  form,  the  most  active  factor  in  the 
formation  of  cavities.  It  is  partly  a  purely  complementary  process, 
the  shrinking  being  compensated  by  the  dilatation  of  the  air-spaces. 
Hamilton  and  others  have  pointed  out  another  mode  of  formation. 
As  the  chest  wall  forms  a  comparatively  fixed  point  to  which  the 
shrinking  tissue  is  attached  by  the  pleural  adhesions,  and  as  this 
tissue  is  also  attached  to  the  walls  of  the  bronchi,  the  result  of  the 
shrinking  will  be  that  these  two  points  will  be  approximated,  the 
chest  wall  drawn  in  and  the  bronchial  wall  drawn  out.  There  is  a 
third  way  in  wrhich  bronchiectasis  occurs.  The  secretions  may  accum- 
ulate in  a  bronchus  behind  an  occlusion  of  the  tube.  Such  an 
occlusion  will  occur  when  the  primary  lesion  has  affected  a  bronchus 
of  larger  calibre  than  usual,  or  where  the  shrinking  tissue  has 
constricted  a  bronchus. 

The  Bronchiectatic  cavity  is  lined  with  a  distinct  membrane,  and 
is  usually  directly  continuous  with  a  bronchus  (see  Fig.  382).  It 
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may  exist  in  the  midst  of  crepitating  lung  tissue,  the  complementary 
dilatation  being  in  a  part  not  affected  by  the  tuberculosis. 

Emphysema  is  a  frequent  accompaniment  of  the  process.  Wherever 
a  piece  of  lung  escapes  the  fibroid  change,  it  is  liable  to  emphysema 
on  account  of  the  shrinking  in  its  neighbourhood.  Hence  in  the 
midst  of  the  shrunken  tissue  one  often  sees  islands  of  lung  tissue 
having  a  honey-combed  appearance  (see  Figs 

Another  occasional  result  of  the  shrinking 
is  a  formation  of  Cyst-like  cavities  in  the 
pleura,  as  shown  in  Fig.  386  a.  The  shrinking 
of  the  lung,  dragging  the  adherent  pleura 
with  it,  may  cause  spaces  to  form  in  the 
pleura,  or  even  in  the  interlobular  septa  (as 
at  c),  these  spaces  being  filled  with  serous 
fluid. 

Pigmentation  is  a  peculiarly  prominent 
feature  in  fibroid  phthisis.  Even  the  initial 
lesion  is  characterized  by  the  almost  black 
colour  of  the  nodules,  and  the  indurated 
tissue  has  a  slaty  or  blackish  colour  (slaty  in- 
duration). Perhaps  the  explanation  of  this  is 
that  the  carbonaceous  pigment  (see  further 
on)  is  retained  by  the  affected  bronchi  and 
not  swept  outwards  by  the  cilia  of  the  epi- 
thelium. 

The  caseous  and  fibroid  forms  of  phthisis 
are  in  general  distinguishable.  They  have  certain  points  in  common, 
chiefly  in  respect  that  each  begins  with  a  bronchitis  of  the  finer  tubes, 
and  that  each  is  characterized  by  the  presence  of  tubercles.  In  the  one 
form,  however,  the  bronchial  inflammation  extends  to  the  proper 
parenchyma  of  the  lung,  constituting  a  Lobular  broncho-pneumonia, 
whereas  in  the  other  it  is  more  localized  around  the  inflamed  bronchus, 
constituting  a  tubercular  Bronchitis  and  Peribronchitis.  There  is  the 
further  distinction  that  in  the  one  form  caseous  necrosis  is  character- 
istic, whereas  in  the  other,  while  probably  present  in  most  cases,  it 
is  limited  in  extent  and  may  be  confined  to  the  contents  of  the 
bronchi  and  the  bronchial  wall. 

The  difference  is  probably  due  to  differences  in  the  individual 
proclivities  of  the  persons  affected.  In  the  fibroid  form  the  disease 
is  more  chronic,  the  persons  affected  are  as  a  general  rule  older,  and 
it  occurs  more  frequently  in  the  male  sex.    All  these  facts  point  to 


.  384  b  and  386  b). 


Fig.  380.— Fibroid  phthisis, 
a,  cysts  in  pleura  from  shrink- 
ing of  lung ;  l>,  emphysema  ;  c, 
i  yst  in  interlobular  connective 
tissue.   Natural  size. 
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the  conclusion  that  in  this  form  there  is  greater  resistance  on  the 
part  of  the  tissues  to  the  morbid  poison.  This  is  confirmed  by  the 
resemblance  which  the  process,  in  some  respects,  presents  to  that 
which  is  concerned  in  the  healing  of  phthisis.  It  may  be  said  that 
in  the  caseous  form  the  tissues  are  directly  killed  by  the  progress 
of  the  disease,  sometimes  with  great  rapidity,  whereas  in  the  fibroid 
form  there  is  a  long  struggle  and  very  little  palpable  softening  or 
destruction. 

This  being  the  case  it  may  be  inferred  that  the  two  forms  are  not 
absolutely  distinguishable.  They  run  into  each  other,  and  the  caseous 
form  may  assume  many  of  the  characters  of  the  fibroid,  especially 
when  it  becomes  very  chronic  or  partial  recovery  takes  place. 

The  Sputum  in  phthisis  pulmonalis  is  variously  composed.  In  the  earlier  stages 
the  expectoration  has  the  usual  characters  of  that  in  catarrh,  consisting  of  mucus, 
with  more  or  less  abundant  leucocytes.  In  the  sputum  in  this  early  stage  are 
often  found  large  epithelioid  cells  with  one  or  more  nuclei,  such  as  we  find  in 
the  lung  alveoli  in  the  catarrhal  form  of  phthisis.  These  cells  frequently  present 
fatty  degeneration.  The  sputum  in  phthisis  often  contains  Elastic  tissue  from 
the  breaking  down  of  the  lung.  In  very  rapid  cases  we  may  find  this  by  a 
simple  examination  of  the  sputum,  but  the  search  is  often  a  difficult  one,  because 
the  thick  mucus  and  pus  hold  the  pieces  of  lung  tissue  suspended  and  isolated. 
By  Fenwick's  method  of  digestion  in  soda  solution,  pieces  of  lung  tissue,  such 
as  that  shown  in  Fig.  381,  will  frequently  be  found  in  the  deposit.  This  method 
is  also  applicable  to  the  sputum  in  gangrene  of  the  lungs.  The  Tubercle  bacillus 
is  usually  to  be  found  in  the  sputum,  and  is  of  great  diagnostic  value.  The 
appearances  are  shown  in  Fig.  82,  p.  222,  and  the  method  of  examining  the 
sputum  is  described  at  p.  349. 

4.  Extension  of  the  tuberculosis  in  phthisis  pulmonalis. — In  both 
of  the  forms  already  described  it  has  been  shown  that  the  tuberculosis, 
beginning  in  the  finer  bronchi,  extends,  on  the  one  hand,  to  the 
lung  alveoli,  and,  on  the  other,  to  the  connective  tissue.  Besides 
that,  however,  there  are  further  extensions  both  in  the  lung  and 
beyond  it. 

An  existing  cavity,  especially  one  arising  from  disintegration  of 
caseous  matter,  is  a  great  source  of  infection,  its  contents  being 
charged  with  tubercle  bacilli.  The  infected  matter  is  carried  from 
the  cavities  and  is  partly  insufflated  into  other  parts  of  the  lungs 
and  partly  discharged.  It  thus  causes  an  extension  of  the  disease 
in  the  lung  itself,  and  is  liable  to  infect  the  air  passages  as  it  is 
carried  along. 

Hence,  Tuberculosis  of  the  bronchi  is  very  frequent  in  connection 
with  cavities,  the  mucous  membrane  becoming  the  seat  of  tubercular 
ulcers.     If  the  bronchial  tubes  be  opened  up,  the  ulcers  are  visible 
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as  more  or  less  rounded  erosions,  sometimes  with  distinct  white 
tubercles  at  their  borders. 

A  further  extension  to  the  Larynx  and  Trachea  is  very  common, 
and  from  these,  by  way  of  the  oesophagus  and  stomach  to  the 
Intestine. 

There  is  also  an  extension  by  the  lymphatics,  so  that  in  nearly  all 
cases  of  phthisis  the  Bronchial  lymphatic  g'lands  are  affected.  The 
condition  here  is  similar  in  character  to  that  in  the  lungs.  In  the 
caseous  form  the  glands  are  caseous,  resembling  closely  the  appearances 
in  ordinary  scrofulous  glands.  In  the  fibroid  form  they  are  liable  to 
be  more  or  less  fibrous  and  deeply  pigmented.  Tubercles  are  present 
in  the  glands,  sometimes  in  the  most  typical  form.  It  is  not  common 
for  softening  to  occur  in  the  bronchial  glands;  the  tuberculosis  is 
usually  chronic  in  character  and  the  affected  glands  may  ultimately 
shrink  and  become  calcified.  Cretaceous  matter  is  often  met  with 
at  the  roots  of  the  lungs,  being  the  remains  of  obsolete  tuberculous 
glands. 

5.  Healing"  of  phthisis. — It  is  to  be  remembered  that  tuberculosis 
is  due  to  an  infective  material,  which  usually  goes  on  reproducing 
itself.  In  the  healing  of  tubercular  lesions  generally  there  are  two 
methods  which  may  be  followed,  and  in  phthisis  pulmonalis  we  have 
examples  of  each  of  these.  On  the  one  hand,  the  infective  matter 
may  be  cleared  out  and  the  parts  around  become  the  seat  of  simple 
inflammatory  processes,  or,  on  the  other  hand,  the  caseous  matter 
may  have  its  infective  character  overcome  and  be  left  as  a  piece  of 
innocuous  dead  matter  in  the  tissues.  In  either  case,  so  far  as  the 
lung  is  concerned,  there  is  implied  an  increase  in  the  vigour  of  the 
parts,  so  that  the  infective  character  of  the  matter  may  be  annulled. 

When  cavities  have  formed  by  the  softening  of  the  caseous  matter, 
the  disease  may  pause.  In  that  case  the  wall  of  the  cavity  comes 
to  be  composed  of  healthy  granulation  tissue,  which  develops  into 
connective  tissue  as  in  the  ordinary  cicatrix.  If  the  cavity  is  so 
situated  that  contraction  can  occur,  then  there  may  be  a  shrinking 
till  it  is  completely  obliterated,  and  a  Cicatrix  takes  its  place.  On 
the  other  hand,  circumstances  may  allow  of  only  partial  contraction, 
and  the  cavity  remains,  but  its  wall  comes  to  be  formed  of  connective 
tissue  without  any  trace  of  recent  tuberculosis  (see  Fig.  387). 

In  other  cases  the  caseous  matter  fails  to  soften,  the  disease  is 
checked  before  cavities  are  formed,  and  in  that  case  we  have  ne- 
crosed structures  lying  in  the  lung.  In  this  case  granulation  tissue 
is  formed  around  the  dead  matter,  and  may  partly  eat  into  it.  By 
development  into  connective  tissue  a  capsule  is  formed  around  the 
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dead  matter,  and  the  latter  by  and  by  becomes  impregnated  with 
lime  salts,  so  that  ultimately  particles  of  lime  or  considerable  pieces 
of  cretaceous  matter  are  present  in  the  midst  of  a  cicatrix. 


Pig.  387.— Healed  cavities  in  lung.  The  figure  is  from  a  photograph  of  the  entire 
lung  displayed  by  section.  There  is  a  congeries  of  cavities  with  smooth  walls  and  no 
appearance  of  recent  action.    Compare  with  Fig.  376. 

It  is  worthy  of  note  that  the  connective  tissue  formed  in  both 
these  forms  of  healing  is  deeply  pigmented,  so  that  in  this  respect 
the  processes  are  comparable  to  those  concerned  in  fibroid  phthisis. 

Healing  by  one  or  other  of  these  processes  is  of  frequent  occurrence.  In  the 
course  of  post-mortem  examinations  one  very  frequently  meets  with  pigmented 
cicatrices,  often  with  chalky  particles  in  their  midst,  at  the  apices  of  the  lungs, 
the  pleura  being  adherent  over  the  affected  parts.  In  some  cases  healing  may 
take  place  after  such  extensive  destruction  of  the  lung  with  formation  of  cavities 
as  that  shown  in  Fig.  387.  Here  almost  the  whole  lung  is  converted  into  a 
congeries  of  cavities  whose  walls  are  smooth  and  show  no  recent  action.  There 
had  been  an  acute  tuberculosis  of  the  lung  years  before.  If,  after  healing,  a 
return  of  the  disease  takes  place,  the  chalky  matter  may  afterwards  be  separated, 
and  such  pieces  have  been  known  to  be  spit  up. 

The  frequency  of  healing  of  tuberculosis  of  the  lungs  has  been  estimated  by 
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the  author,  Harris,  and  others,  on  the  ground  of  post-mortem  observation  in 

cases  which  have  died  from  non-tuberculous  disease.     The  result  is  that  in 

about  20  per  cent,  of  persons  dying  from  other  diseases  there  has  been  at 
some  period  of  life  a  tuberculosis  of  the  lungs  which  has  become  obsolete. 

6.  Haemorrhage  in  phthisis. — Haemoptysis  is  one  of  the  most 
common  manifestations  in  phthisis.  It  is  necessary  to  distinguish 
between  an  early  and  a  late  hemorrhage. 

(a)  Early  haemorrhage. — In  examining  the  initial  lesion  in  phthisis, 
whether  in  the  caseous  or  fibroid  form,  it  is  common  to  meet  with 
alveoli  filled  with  blood,  presenting  an  appearance  very  similar  to 
that  shown  in  Fig.  371,  which  is  from  a  hemorrhagic  infarction  of 
the  lung.  The  blood  may  be  so  abundant  and  occupy  so  many 
alveoli,  as  to  give  quite  the  character,  on  a  small  scale,  of  the 
hemorrhagic  infarction. 

The  blood  here  comes  from  the  pulmonary  capillaries,  escaping 
by  diapedesis ;  it  does  not  arise  by  insufflation,  else  it  would  be 
more  mixed  with  air  and  broken  up.  The  homogeneous  complete 
filling  of  the  alveoli  implies  a  regular  leakage  which  gradually 
expels  the  air.  The  blood  also  is  often  in  alveoli  which  are  little 
altered  otherwise,  and  it  is  present  in  a  considerable  group  of 
alveoli  together. 

These  facts  would  indicate  a  local  interference  with  the  circula- 
tion as  a  cause  of  the  hemorrhage.  Such  an  interference  is  liable 
to  occur  from  the  proximity  of  the  branches  of  the  pulmonary 
artery  to  the  bronchi.  The  arteries  and  bronchi  run  to  a  large 
extent  parallel,  their  sheaths  continuous,  and  the  inflammatory  changes 
in  and  around  the  bronchi  which  form  such  an  important  part  of 
the  initial  lesion  may  well  exercise  pressure  on  the  arteries.  This 
view  is  confirmed  by  the  fact  that  in  general  tuberculosis  of  the 
lung  a  similar  hemorrhage  is  very  often  present,  sometimes  to  a 
very  aggravated  extent.  In  this  affection  the  tuberculosis  is  usually 
intimately  related  to  the  arteries,  so  that  there  will  be  a  direct 
interference  with  them. 

In  any  case  the  hemorrhage  is  part  of  the  initial  lesion,  and  it 
is  known  that  the  appearance  of  blood  in  the  sputum  is  often  a 
very  early  sign  of  phthisis. 

As  the  ha-morrhage  is  associated  with  the  earliest  lesions  it  may  occur  at  a 
time  when  no  symptoms  of  disease  in  the  lungs  are  present,  and  may  be  the 
apparent  starting  point,  although  not  really  so.  The  occurrence  of  haemorrhage 
has  been  regarded  as  sometimes  the  origin  of  phthisis,  a  view  which  has  been 
expressed  by  the  term  Phthisis  ab  hcemoptoe.  This  view  is  without  adequate 
foundation,  and  the  ha-moptysis  is  probably,  in  every  case,  evidence  of  the 
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existence  of  the  initial  lesion.  It  is  not  improbable,  however,  that  the  occurrence 
of  haemorrhage  may  accelerate  the  progress  of  the  disease,  as  the  bacilli  may 
possibly  find  in  the  blood  a  suitable  nidus,  and  so  exhibit  a  more  rapid  growth. 

(b)  Late  haemorrhage. — The  haemorrhage  described  above  may  occur 
at  intervals  throughout  the  course  of  the  disease,  but  in  advanced 
cases  a  much  more  considerable  and  not  infrequently  fatal  haemor- 
rhage is  liable  to  occur.  In  this  case  the  bleeding  arises  by  Rupture 
of  branches  of  the  pulmonary  artery  which  have  been  partially 
exposed  in  the  walls  of  cavities. 

As  a  general  rule  the  arteries  in  the  walls  of  cavities  are  oblit- 
erated, more  especially  in  the  caseous  form,  but  where  obliteration 
has  not  completely  occurred,  the  wall  of  the  artery  being  un- 
supported and  perhaps  softened  by  inflammatory  infiltration  is  liable 
to  give  way.  Before  the  actual  rupture  the  vessel  wall  usually 
bulges  out,  so  as  to  form  an  Aneurysm  (see  Fig.  388).    In  this 

figure  the  cavity  is  a  bronchiec- 
tatic  one,  and  its  wall  was 
comparatively  unaltered,  the 
aneurysm  having  arisen  purely 
from  want  of  support.  In  the 
caseous  form  there  is  softening 
of  the  wall  of  the  artery,  and 
the  aneurysm  has  not  such  a 
definite  sac  as  in  this  case. 

In  cases  of  this  kind  the 
haemorrhage  is  often  very  great, 
but  even  in  the  case  of  .a  con- 
siderable tear  it  may  be  stilled 

A  probe  has  been  introduced  into  the  artery,  and      \yy  the  blood  Coagulating  ill  the 
is   visible  through  the  gaping  aperture  in  the        J  ~ 
aneurysm.    It  is  also  indicated  close  to  the  wall  of      cavity   and  forming    a  kind  of 
the  bronchus  beyond  the  cavity. 

cap  over  the  aperture. 

7.  Affections  of  the  pleura  in  phthisis. — From  the  intimate  con- 
nection of  the  pleura  with  the  lung  it  may  be  expected  that  it  will 
frequently  be  affected  in  phthisis. 

The  lymphatic  system  of  the  lung  does  not  apparently  com- 
municate directly  with  the  cavity  of  the  pleura,  so  that  although 
a  tuberculosis  may  extend  to  the  subpleural  tissue  it  does  not 
directly  affect  the  pleural  sac. 

The  relations  of  the  pulmonary  lymphatics  to  the  pleura  are  shown  by  the 
locality  of  the  carbonaceous  pigment  in  the  lungs.  This  carbonaceous  pigment 
is  carried  about  and  deposited  wherever  there  are  communicating  lymphatics, 


Fig.  388.— Aneurysm  in  a  bronchiectatic  cavity. 
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and  it  is  often  abundant  in  the  subpleural  tissue ;  but  it  never  penetrates  into 
the  sac  itself.  On  the  other  hand,  there  seems  to  be  a  communication  in  the 
opposite  direction  from  the  pleura  to  the  interlobular  connective  tissue.  This  is 
shown  by  the  fact  that  in  tubercular  pleurisy  there  is  a  certain  penetration 
from  the  pleura  into  the  lung.    (See  under  Tubercular  Pleurisy.) 

While  tuberculosis  does  not  extend  to  the  pleura,  because  it 
implies  the  passage  of  solid  bodies  (the  bacilli),  there  are  very  com- 
monly simple  inflammatorjr  processes,  which  depend  on  the  extension 
of  the  dissolved  products.  Such  products  being  present  in  the  con- 
nective tissue  of  the  lung  may  readily  soak  into  the  pleura. 

Chronic  pleurisy  is  a  constant  occurrence,  giving  rise,  as  in  other 
cases  of  chronic  inflammation,  to  new-formation  of  connective  tissue. 
The  pleura  over  a  tubercular  lung  is  nearly  always  thickened,  some- 
times greatly  so  (as  in  Fig.  382),  and  the  two  layers  are  almost 
constantly  adherent.  The  two  layers  are  not  only  adherent,  they 
have  really  coalesced,  and  their  blood-vessels  intercommunicate,  so 
that  if  the  vessels  on  either  side  be  obstructed  the  pleura  may  be 
still  nourished  from  the  other.  The  thickening  and  adhesion  are 
conservative  processes,  shutting  off  the  diseased  lung  from  the 
general  pleural  sac.  It  is  when  these  conditions  fail  to  occur  that 
we  commonly  have  the  more  serious  pleural  lesions,  acute  pleurisy 
and  pneumothorax. 

Acute  pleurisy  is  a  frequent  concurrent  in  cases  of  phthisis, 
especially  in  the  caseous  form.  It  implies  that  the  lesion  in  the 
lung  has  come  to  the  surface  at  a  place  where  adhesion  of  the 
pleura  has  not  yet  taken  place.  This  will  be  most  frequent  in 
early  periods  and  in  acute  cases. 

The  acute  pleurisy  is  often  connected  with  Necrosis  of  the  pleura. 
The  pulmonary  pleura  is  nourished  by  the  vessels  of  the  lung,  and 
as  these  are  occluded  and  necrosed  when  involved  in  the  caseatino- 

o 

lesion,  the  pleura  will  be  involved  in  the  necrosis  in  so  far  as  it 
is  related  to  the  occluded  vessels.  At  the  very  outset  of  a  caseous 
phthisis  one  of  the  affected  areas  may  be  immediately  beneath  the 
pleura,  and  Ave  may  have  a  necrosis  before  there  has  been  time 
for  the  formation  of  adhesions.  In  this  way  we  may  explain  many 
of  the  cases  in  which  pleurisy  has  apparently  but  not  really  pre- 
ceded the  pulmonary  disease.  Again,  in  all  acute  cases  we  are 
liable  to  have  necrosis  of  the  pleura,  and  it  is  not  uncommon  to 
find  quite  a  number  of  dead  white  areas  visible  on  the  surface, 
each  indicating  an  area  of  necrosis,  generally  concealed  to  some 
extent  by  a  layer  of  fibrine,  the  result  of  the  inflammation. 

The  mere  exposure  of  a  necrosed  piece  of  pleura  seems  to  induce 
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an  acute  pleurisy,  perhaps  by  allowing  the  penetration  of  irritating- 
juices  such  as  the  living  structures  intercept.  The  acute  pleurisy 
is  of  the  usual  kind  (see  further  on)  accompanied  by  fibrinous 
exudation,  but  it  is  usually  limited  by  existing  adhesions.  Through 
time  the  acute  inflammation  subsides  and  a  chronic  pleurisy,  with 
adhesion,  results. 

Pneumothorax  also  implies  necrosis  of  the  pleura,  but  there  is, 
in  addition,  a  partial  separation  of  the  dead  piece  and  the  establish- 
ment of  a  communication  between  the  pleural  sac  and  the  air 
passages.  This  infers  the  existence  of  a  cavity  beneath  the  necrosed 
piece  of  pleura  and  not  merely  a  caseous  area.  The  necrosed  piece 
begins  to  separate  at  one  edge,  and  then  the  pneumothorax  suddenly 
occurs.  As  death  often  occurs  in  consequence  of  a  pneumothorax, 
one  not  infrequently  has  the  opportunity  of  observing  the  condition 


Fig.  389.— Lower  part  of  lung  and  pleura  from  pneumothorax.    There  are  three 
apertures  caused  by  necrosis  of  pulmonary  pleura. 

in  this  stage.  If  the  patient  survive,  then  the  whole  piece  is  de- 
tached and  apertures  are  left  in  the  pleura  such  as  those  shown  in 
Fig.  389. 
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Along  with  pneumothorax  there  is  an  acute  pleurisy.  If  it  has 
not  occurred  in  consequence  of  the  necrosis,  then  it  will  ensue  when, 
by  the  separation,  some  of  the  contents  of  the  pulmonary  cavity 
pass  into  the  pleural  sac.  These  two  conditions,  acute  pleurisy  and 
pneumothorax,  are  thus  closely  related,  both  of  them  being  connected 
with  necrosis  of  pleura.  They  also  occur  in  relation  with  the  advanced 
outposts  of  the  pulmonary  lesion,  and  are  hence  liable  to  develop 
in  connection  with  the  less  affected  lung  or  portion  of  lung,  and 
by  causing  serious  damage  to  the  lung  on  which  the  patient  chiefly 
depends  for  respiration,  they  often  induce  very  serious  and  even 
fatal  dyspnoea. 

8.  G-eneral  effects  of  phthisis. — In  its  general  influence  on  the 
body  phthisis  pulmonalis  is  of  great  importance. 

Its  most  constant  effects  are  Emaciation  and  Anaemia,  the  former 
of  which,  as  we  have  seen,  was  the  main  element  in  suggesting  the 
name  phthisis.    These  conditions  have  their  source  chiefly  in  fever. 

Fever  is  an  almost  constant  accompaniment  of  phthisis,  altogether 
apart  from  any  general  tuberculosis.  It  is  to  be  referred  to  the 
presence  in  the  blood  of  the  various  products  evolved  in  the  course 
of  the  local  processes.  These  consist  in  part  of  the  products  of  the 
specific  microbe,  which  will  pass  into  the  blood,  even  when  the 
microbes  themselves  do  not.  There  will  also  be  the  products  of 
the  disintegration  of  blood,  and  of  inflammatory  exudations,  such  as 
those  in  pleurisy.  In  pulmonary  cavities  again,  various  forms  of  de- 
composition, putrid  and  other,  are  liable  to  occur,  and  the  products 
naturally  lead  to  fever. 

Amyloid  disease  occurs  in  about  a  fourth  of  the  cases  of  phthisis, 
and  is  more  frequent  proportionally  in  the  fibroid  than  in  the 
caseous  form.  It  usually  affects  the  spleen,  kidneys,  liver,  intestine, 
and  lymphatic  glands,  but  there  are  great  differences  in  its  dis- 
tribution and  extent.  It  may  be  absent  in  any  one  of  the  situations 
mentioned  while  present  in  the  others,  or  it  may  be  greatly  ex- 
aggerated in  one  while  very  inconsiderable  in  others.  (See  the 
author's  "  Lectures  to  Practitioners.")  It  is  typically  present  in  the 
spleen  in  the  majority  of  cases,  and  takes  the  form  of  the  sago  spleen. 

Disease  of  the  kidneys  is  a  frequent  concomitant  of  phthisis.  It 
may  be  amyloid  disease,  complicated  (as  amyloid  disease  regularly 
is)  with  chronic  nephritis,  or  it  may  be  a  tuberculosis.  On  the 
other  hand  there  is  not  uncommonly  a  nephritis,  sometimes  in  an 
acute  or  subacute  form  so  as  to  produce  enlargement  with  fatty 
epithelium,  sometimes  in  a  more  chronic  form,  with  contraction  and 
granulation  of  the  kidneys. 


790 


THE  LUNGS. 


In  cases  of  amyloid  disease  the  mere  presence  of  the  amyloid 
material  may  induce  chronic  inflammation,  but  there  is  a  consider- 
able number  of  cases  in  which  nephritis  is  present  in  an  acute  form. 
In  these  cases  we  may  suppose  that  the  products  from  the  dis- 
integrating processes  going  on  in  the  lungs  lead,  by  their  discharge 
through  the  kidneys,  to  an  inflammation  of  these  organs  (see  author,. 
1.  c). 

General  tuberculosis  not  infrequently  follows  phthisis  pulmonalis. 
We  have  seen  that  the  disease  in  the  lungs  is  a  local  tuberculosis,  and 
as  a  general  rule  it  extends  along  mucous  surfaces  and  lymphatic 
channels.  In  a  considerable  proportion  of  cases,  however,  the  tubercle 
bacilli  to  some  extent  reach  the  blood  and  are  carried  throughout  the 
body.  If  the  liver  be  examined  microscopically  there  will  usually  be 
found  a  few  tubercles,  generally  in  various  stages  of  degeneration. 
There  are  also  not  infrequently  a  few  tubercles  in  the  kidneys  visible 
to  the  naked  eye.  We  sometimes  meet  even  with  a  more  considerable 
tuberculosis  in  the  kidney  and  elsewhere,  constituting  a  Chronic  gen- 
eral tuberculosis  (see  p.  230),  especially  in  children. 

Acute  general  tuberculosis  is  a  less  frequent  result  and  is  generally 
due  to  a  definite  extension  of  the  local  tuberculosis  to  a  branch  of  the 
pulmonary  vein  which  has  not  become  occluded  by  the  advancing 
lesion  (see  p.  230).  It  may  also  arise  by  an  extension  of  the 
tuberculosis  from  the  bronchial  glands  to  the  thoracic  duct. 

Literature. — The  literature  of  phthisis  is  very  extensive.  The  older  literature 
will  be  found  in  Waldenburg,  Tuberculose,  Lungenschwindsucht  u.  Scrofulose, 
1809.  See  further,  Carswell,  Illustrations  of  path,  anat.,  1838 ;  Virchow,  Lehrb. 
d.  spec.  Path.,  i.  ;  Niemeyer,  Klin.  Vortr.,  1867 ;  Buhl,  Lungenentz.  Tuberc.  u. 
Schwindsucht,  1872;  Euhle  and  Rindfleisch,  Ziemssen's  Handb.,  v.;  Weigert,. 
Virch.  Arch.,  lxxvii.,  lxxxviii.,  civ.;  Koch,  Etiology  of  tuberculosis,  Syd.  Soc. 
transl.,  1880 ;  Baumgarten,  Tuberkel  und  Tuberculose,  1885 ;  Weichselbaum,. 
(Inhalation)  Wien.  Med.  Wochenschr.,  1883;  Tappeiner,  Virch.  Arch.,  lxxiv.  and 
lxxxii.  ;  Ziegler,  Volkmann's  Samml.  No.  151,  and  Lehrb. ;  Hamilton,  Path,  of 
bronchitis,  etc.,  1883;  Ewart,  (Position  of  cavities)  Gulstonian  lectures,  1882, 
in  Brit.  Med.  Jour. ;  Thompson,  Family  phthisis,  1884 ;  Jaccoud,  Curability  of 
pulm.  phthisis,  1885 ;  Powell,  Dis.  of  lungs  and  pleura,  1886 ;  Williams,  Pul- 
monary consumption,  1887 ;  Kidd,  (Distrib.  of  bacilli  in  the  lung)  Med.  chh\ 
trans.,  lxviii.,  1885;  Yeo,  (Contagiousness)  Brit.  Med.  Jour.,  1885,  i.;  Coats,  Lect. 
to  practitioners,  1888 ;  Germain  See,  Bacillary  phthisis  ;  James,  Pulmonary 
phthisis,  1888 ;  Dobell,  Bacillary  consumption,  1889.  Sealing  of  phthisis — 
Harris,  Brit.  Med.  Jour.,  1889,  ii. ;  Coats,  ibid. 

IX. — DISEASES  FROM  INHALATION  OF  DUST.  PNEUMOCONIOSIS. 

Carbonaceous  pigment  in  the  lungs. — The  lungs  of  all  adults  have 
more  or  less  of  a  grey  colour  from  the  existence  of  a  black  pigment 
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in  the  lung  tissue.  This  pigment  is  absent  from  the  lungs  of  children, 
and  is  undoubtedly  the  dust  inhaled  with  the  inspired  air.  The  air 
of  all  confined  spaces,  such  as  rooms,  contains  in  suspension  finely 
divided  particles,  particularly  in  cities  where  coal  is  burnt  extensively, 
and  this  attains  its  maximum  in  the  black  fogs  of  such  cities  as 
London  and  Glasgow.  The  particles  of  dust  inhaled  with  the  air 
are  for  the  most  part  caught  by  the  mucus  with  which  the  surface  of 
the  bronchial  tubes  is  moistened,  and  as  the  ciliated  epithelium  plays 
in  the  direction  towards  the  larynx,  the  dust-laden  mucus  is  carried 
upwards  to  the  larynx,  where  it  is  either  expectorated  or  swallowed. 
No  doubt  when  the  air  is  unusually  laden  with  dust  the  mucous 
secretion  is  increased,  and  those  who  live  in  cities  know  that 
in  foggy  weather  a  considerable  mass  of  black  mucus  is  brought 
up  from  the  larynx  in  the  morning,  the  busy  cilia  having  swept  it 
thither  during  the  hours  of  sleep. 

But  some  of  the  dust  penetrates  beyond  the  reach  of  those  scavengers 
and  passes  into  the  lung  alveoli,  where  it  lodges.  From  the  lung 
alveoli  it  penetrates  into  the  lung  tissue.  It  is  to  be  remembered 
that  the  structure  of  the  alveolus  is  somewhat  like  that  of  a  serous 
membrane.  There  is  a  single  layer  of  epithelium,  and  stomata  or 
pseudo-stomata  have  been  described.  The  dust  particles  penetrate 
through  or  between  the  epithelial  cells  and  emerge  into  the  lymph 
spaces  of  the  alveolar  wall.  Having  entered  the  lymphatic  system 
of  the  lung,  the  dust  is  carried  into  all  the  communicating  channels 
of  that  system,  and  is  partially  deposited  and  retained  as  it  goes 
by  the  connective-tissue  cells.  In  this  way  a  kind  of  pigmentation 
of  the  entire  lymphatic  system  of  the  lung  is  obtained,  which  for 
demonstration  may  serve  the  purposes  of  an  injection  of  that  system. 
In  this  conveyance  of  the  dust  particles  the  leucocytes  which  are 
always  present  in  the  lymphatic  spaces  probably  play  an  important 
part.  The  parts  pigmented  are,  the  walls  of  the  alveoli,  the  inter- 
stitial connective  tissue,  especially  that  around  the  pulmonary  artery 
and  the  bronchi,  and  the  subpleural  tissue,  which  is  often  definitely 
demarcated  from  the  pleura  proper  by  the  pigmentation.  The 
pigment  is  also  carried  to  the  bronchial  glands  at  the  root  of  the 
lungs,  which  are  more  or  less  blackened.  This  pigment  is  a  carbon- 
aceous material  consisting  mostly  of  round  particles,  and  is  to  a 
great  extent  the  soot  of  coal. 

While  the  light  dust  of  the  air,  reaching  the  lungs  in  small  quantities, 
does  comparatively  little  harm,  damage  may  be  done  when  large  quan- 
tities of  dust  of  a  specially  irritating  character  reach  the  lungs.  Hence 
a  distinct  class  of  diseases  has  been  distinguished  as  due  to  inhaled  dust. 
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Diseases  due  to  inhaled  dust. — This  subject  has  been  very  fully 
worked  out  in  this  country  by  Greenhow,  and  in  Germany  by  Zenker 
and  Merkel.  The  results  of  the  inhalation  depend  largely  on  the 
mechanical  character  of  the  dust.  If  it  be  heavy  and  composed  of 
sharp  angular  particles,  then  it  is  more  irritating  than  if  it  be  light 
and  composed  of  rounded  pieces. 

The  particles  entering  the  lung  tissue  in  the  manner  mentioned 
above  act  as  foreign  bodies  and  set  up  a  chronic  inflammation.  There 
is  great  new-formation  of  connective  tissue,  as  in  chronic  interstitial 
pneumonia,  and  great  shrinking  of  the  tissue,  so  that  considerable 
deformity  of  the  lung  may  occur.  As  the  irritant  finds  access  by 
the  air  passages  the  lesion  in  its  earlier  stages  concentrates  itself 
around  the  bronchi.    This  is  shown  in  Fig.  390,  in  which  it  is  seen 
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Fig.  390. — From  potter's  lung,  a,  bronchus  compressed  and  narrowed  ;  b,  two  of 
its  cartilages  ;  c,  c,  condensed  and  pigmented  lung  tissue  ;  d,  lung  alveoli,  stretched 
and  enlarged,  some  with  pigment  in  them  ;  /,  lung  alveoli  emphysematous,    x  S. 

also  that  the  lung  alveoli  are  subject  to  great  contortion  (at  d),  and 
that  in  the  neighbourhood  they  are  liable  to  emphysema  (at  /). 

The  dust,  whatever  its  kind,  may  be  visible  in  the  midst  of  the 
lesion  in  the  lung.  It  was  the  observation,  by  Zenker,  of  a  red 
pigmentation  of  the  lung  in  workers  with  the  red  oxide  of  iron, 
which  furnished  an  absolute  demonstration  that  the  dust  actually 
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finds  its  way  into  the  lung  tissue.  We  may  find  in  the  lung,  coal 
dust,  the  dust  of  potter's  clay,  soot  from  smoky  lamps,  stone  dust, 
metal  dust,  and  dust  composed  of  cotton  or  woollen  fibre.  In  Fig. 
391  a  collection  of  silicious  particles  from  the  lung  of  a  worker  in 
a  pottery  is  shown. 


angular  and  others  rounded. 
Fig.  391. — Silicious  particles  in  potter's  lung.  The  large  catarrhal  cells  contain 

X  340.  many  particles,    x  350. 

A  peculiar  feature  in  almost  all  cases  of  disease  from  inhalation 
of  dust  is  the  presence  of  an  excess  of  Black  pigment  in  the  lung. 
In  some  cases  the  inhaled  dust  is  black,  so  that  a  condition  of  an- 
thracosis  is  brought  about.  But  even  when  the  dust  is  not  black, 
as  in  the  potter's  lung,  the  affected  districts  of  lung  are  deeply 
pigmented.    The  reason  of  this  is  not  quite  apparent. 

Various  names  are  given  to  the  forms  of  lesion  according  to  the 
kind  of  dust  inhaled. 

The  Coal-miner's  lung  has  an  almost  coal-black  colour,  and  when 
incised  it  yields  a  black  juice  which  stains  the  hand.  The  dust 
here  is  finely  divided  coal  and  the  soot  from  the  smoky  lamps  used 
in  mines.  The  pigment  is  in  the  connective  tissue,  but  it  is  often 
present  also  in  the  lung  alveoli,  where  it  may  be  taken  into  the 
substance  of  catarrhal  cells  (see  Fig.  392).  There  is  not  usually 
much  induration  of  the  coal-miner's  lung,  as  the  dust  is  not  physically 
very  irritating.  The  term  Anthracosis  is  given  here  owing  to  the 
extremely  black  appearance  presented. 

Coal  miners  are  subject  to  catarrh,  and  the  expectoration  is  usually  stained 
so  as  to  form  the  Black  spit.  It  is  noteworthy  that  on  a  recurrence  of  catarrh, 
even  years  after  the  patient  has  ceased  working  in  the  pits,  the  black  spit  may 
return.  The  pigment  stored  up  in  the  lung  tissue  returns  to  the  alveoli  and 
bronchi.  This  would  indicate  that  a  bronchial  catarrh  goes  deeper  than  the 
mucous  membrane.    The  agents  in  the  return  of  the  pigment  are  the  leucocytes. 
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Potter's  phthisis  is  a  term  used  for  a  very  frequent  form  of  disease 
amongst  potters.  The  dust  here,  consisting  of  heavy  angular  particles, 
seems  very  irritating,  and  excites  much  chronic  inflammation. 

Stone-mason's  lung  resembles  the  potter's  form,  as  does  also  knife- 
grinder's  disease. 

The  connection  of  these  forms  of  disease  with  phthisis  is  a  point  of  some 
importance.  A  true  tuberculosis  may  possibly  be  induced  by  the  inhalation  of 
irritating  dust.  There  is,  however,  little  evidence  of  that,  and  undoubtedly  the 
great  majority  of  cases  of  lung  disease  from  inhalation  of  dust  are  quite  different 
from  cases  of  phthisis.  There  is  no  formation  of  tubercles,  no  caseation,  seldom 
any  formation  of  cavities,  although  these  sometimes  form  by  bronchiectasis.  There 
is  also  the  important  clinical  difference  that  persons  affected  with  such  diseases 
do  not  suffer  in  their  general  health  as  do  tubercular  patients.  There  is  little 
or  no  fever,  and  the  patients  generally  work  on  for  many  years  till  the  dyspnoea 
incapacitates  them  (Greenhow,  Coats). 

Literature. — Gregory  and  Christison,  Edin.  Med.  Jour.,  xxxvi.,  389,  1831; 
Hamilton  and  Graham,  ibid.,  xliii.,  297,  1834;  Thomson,  Med.  chir.  trans.,  1840, 
xx.  and  xxi.  ;  Zenker,  Deutsch.  Arch.  f.  klin.  Med.,  ii.,  11(>;  Arlidge,  On  the 
diseases  prevalent  among  potters,  Social  Science  Cong.,  1871 ;  Greenhow,  Path, 
trans.,  1866  to  1869 ;  Coats,  in  Lect.  to  pract.,  1888,  p.  150. 

X.— ACUTE  MILIARY  TUBERCULOSIS,  SYPHILIS,  ACTINOMYCOSIS, 

GLANDERS. 

Acute  miliary  tuberculosis. — This  condition  has  been  discussed  at 
page  232.  The  tubercular  virus,  being  present  abundantly  in  the 
blood,  produces  very  marked  lesions  in  the  lungs.  As  the  virus  is 
brought  by  the  blood,  the  lesions  are  generally  homogeneously  dis- 
tributed throughout  both  lungs,  and  are  intimately  related  to  the 
finer  branches  of  the  pulmonary  artery. 

The  lungs  are  found  studded  from  apex  to  base  with  innumerable 
small  bodies,  generally  whitish  in  colour.  There  is  in  addition  a 
general  hyperemia  of  the  lungs. 

Under  the  microscope  it  can  be  seen  in  most  cases  that  the  tuber- 
cles are  formed  in  connection  with  arteries.  A  small  artery  will 
generally  be  seen  at  the  edge  or  running  directly  into  a  tubercle, 
and  it  is  not  uncommon  to  find  a  tubercle  in  the  wall  of  an  artery, 
as  in  Figs.  86  and  87,  pp.  232-33.  The  tubercle  has  the  usual 
structure,  which  is  frequently  obscured  in  the  central  parts  by 
caseous  necrosis. 

The  lung  tissue  generally  shows  some  reaction  in  the  neighbourhood 
of  the  tubercles.  The  alveoli  are  frequently  occupied  by  catarrhal 
cells  as  in  phthisis,  and  there  is  very  often  blood  in  them.    The  latter 
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is  so  abundant  in  some  cases  as  to  give  a  very  striking  character  to 
the  sections.  As  the  cases  are  very  acute  and  death  occurs  early, 
we  practically  never  find  softening  of  the  tubercles  or  formation  of 
cavities. 

Syphilis  is  a  very  rare  affection  of  the  lungs,  especially  in  adults. 
It  is  somewhat  more  common  in  new-born  children,  in  whom  it  may 
be  one  of  the  manifestations  of  hereditary  syphilis.  In  adults  gum- 
raata  have  been  observed  in  a  few  cases.  They  are  surrounded  by 
connective  tissue  in  the  usual  way,  and  they  may  be  partially  soft- 
ened so  as  to  form  cavities.    The  gummata  are  usually  of  small  size. 

White  pneumonia  is  a  name  given  to  the  condition  met  with  in 
infants  in  congenital  syphilis.  It  is  a  condition  in  which  extensive 
tracts  of  lung  tissue  are  condensed  and  infiltrated  by  a  new-formation 
of  connective  tissue,  the  condition  resembling  that  in  chronic  inter- 
stitial pneumonia. 

Actinomycosis,  when  affecting  the  lungs,  presents  lesions  which 
may  resemble  those  of  tuberculosis  somewhat  closely.  As  in  tuber- 
culosis the  microbe  reaches  the  lungs  by  the  bronchi,  and  it  sets 
up  a  bronchitis  and  lobular  pneumonia.  There  is  not  a  caseous 
necrosis  of  the  products,  but  rather  a  more  direct  softening  with 
fatty  degeneration  and  suppuration,  resulting  in  the  formation  of 
cavities.  In  other  cases,  however,  the  conditions  may  resemble 
those  of  fibroid  phthisis,  there  being  over  an  extensive  tract  of 
lung  a  new-formation  of  granulation  tissue  which  develops  into 
connective  tissue  and  goes  on  to  shrinking. 

The  disease  tends  to  go  beyond  the  lung  to  the  pleura,  peri- 
cardium, muscles  of  the  chest,  skin,  etc.  The  peculiar  microbe  is 
present,  and  in  some  cases  it  has  been  distinguished  in  the  ex- 
pectoration. 

Glanders  may  affect  the  lung  by  extension  from  the  nares  and  air- 
passages,  possibly  also  by  the  blood.  It  leads  to  local  inflammatory 
foci,  which  may  be  small  or  large.  The  inflammation  is  usually  acute 
and  abscesses  result,  but  sometimes  there  is  a  more  chronic  affection 
with  caseation  and  formation  of  cavities. 

XI. — TUMOURS  AND  PARASITES  IN  THE  LUNGS. 
Primary  tumours  of  the  lungs  are  infrequent. 

Primary  fibroma,  osteoma,  lipoma,  and  enchondroma  have  been  ob- 
served in  the  form  of  small  tumours,  sometimes  multiple.  These  are 
unimportant. 

Primary  cancer  is  a  form  of  tumour  which  sometimes  attains  to 
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considerable  size.  The  tumour  seems  to  take  origin  in  the  mucous 
glands  of  the  bronchi,  and  it  usually  retains  somewhat  of  the  glandu- 
lar character  throughout,  presenting  in  many  cases  the  features  of 
the  Cylinder-celled  epithelioma.  The  tumour  may,  for  a  time  at  least, 
confine  itself  to  the  bronchi  and  their  neighbourhood,  infiltrating  the 
peribronchial  connective  tissue.  But  it  often  extends  to  the  paren- 
chyma of  the  lung,  forming  in  some  cases  bulky  tumours.  The 
cancer  in  the  lung  has  a  tendency  to  soften  so  as  to  form  Cavities, 
in  whose  wall  cancerous  tissue  may  be  found.  In  some  cases  most 
of  the  cancerous  tissue  from  the  primary  tumour  may  be  lost  by 
this  process  of  softening,  and  the  case  may  have  the  general  aspects 
of  a  cavity  in  the  lung  with  an  edge  in  which,  even  with  the  micro- 
scope, it  may  be  difficult  to  detect  the  proper  tumour  tissue,  as  it 
is  greatly  obscured  by  inflammatory  products. 

In  its  extension  the  tumour  sometimes  penetrates  into  the  lung  alveoli. 

On  the  other  hand,  it 
often  forms  for  itself 
alveoli  similar  in  size 
to  those  of  the  lung, 
but  of  independent 
origin.  It  penetrates 
into  the  perivascular 
lymphatic  spaces  still 
more  than  into  the 
lung  alveoli,  and  may 
often  be  detected  filling 
up  these  around  the 
vessels  as  in  Fig.  393. 
This  appearance  is  sometimes  visible  a  considerable  distance  in  advance 
of  the  edge  of  the  tumour. 

The  cancer  sometimes  extends  to  neighbouring  structures  such  as 
the  pericardium,  the  wall  of  the  heart,  etc. 

The  author  has  recorded  a  case  in  which  a  very  peculiar  secondary  extension 
occurred  to  the  bones  and  to  the  brain.  In  these  two  situations  the  tumours 
assumed  remarkable  cystic  tendencies,  so  that  in  the  brain  they  were  represented 
chiefly  by  cysts  (see  Fig.  351,  p.  677).  These  cysts  occurred  apparently  by 
mucous  or  colloid  change,  although  in  the  primary  tumour  in  the  lung  there 
was  little  such  change.  The  author  has  observed  several  other  cases  in  which 
secondary  tumours  have  occurred  in  the  brain  and  bones.  In  some  of  these 
the  primary  tumour  in  the  lung  was  only  represented  by  a  cavity  with  infiltrated 
walls,  whose  nature  might  have  been  readily  overlooked. 

Secondary  tumours  are  somewhat  frequent,  either  by  direct  ex- 
tension from  the  neighbourhood  or  by  embolism. 


Fig.  393.— From  a  primary  cancer  of  the  lung,  showing  exten- 
sion by  the  perivascular  lymphatics,  o,  section  of  pulmonary 
artery  ;  b,  b,  cancerous  growth  in  lymphatics. 


TUMOURS  OF  THE  LUNGS. 


797 


The  lung  is  often  involved  by  direct  extension  in  Lympho-sarcomas 
of  the  mediastinal  and  bronchial  glands.  The  new-formation  follows 
the  connective  tissue  of  the  lung,  and  we  find  it  penetrating  in  a 
radiating  manner  from  the  root,  often  burying  the  bronchial  tubes 
in  a  sheath  of  new-formed  tissue  and  partially  or  completely  ob- 
structing them. 

Of  the  tumours  arising  by  embolism,  sarcoma  and  cancer  are  the 
chief  forms,  although  chondromas  have  also  been  known  to  extend 
to  the  lungs  in  this  way. 

Sarcomas,  as  we  know,  sometimes  penetrate  directly  into  the 
veins,  and  portions  being  carried  to  the  right  heart  are  caught  in 
the  branches  of  the  pulmonary  artery  or  capillaries.  The  secondary 
tumours  in  the  lung  are  multiple  and  they  repeat  exactly  the 
structure  of  the  primary  one.  Thus  we  have  giant-celled,  round- 
celled,  and  spindle-celled  sarcomas.  A  tolerably  frequent  form  is 
the  pigmented  sarcoma.  The  Enchondroma  also  not  infrequently 
undergoes  secondary  development,  especially  in  connection  with 
tumours  of  the  testis. 

Cancers,  as  we  have  seen,  do  not  readily  penetrate  into  the  veins 
directly.  Finding  an  easier  path  by  the  lymphatics  they  nearly 
always  first  develop  in  the  lymphatic  glands.  After  a  time  the 
cancerous  tissue  may  penetrate  from  the  lymphatic  sinuses  in  the 
gland  into  the  veins,  or  they  may  possibly  penetrate  directly  from 
the  primary  tumour  into  the  latter,  and  the  material  is  carried  on 
to  the  lungs.  As  the  cancer  is  usually  arrested  for  a  considerable 
time  at  the  lymphatic  glands,  it  happens  that  in  all  forms  of  cancer 
secondary  tumours  in  the  lungs  are  of  late  development.  As  the 
secondary  tumours  are  in  the  lymphatic  glands  we  may  regard 
those  in  the  lungs  as  of  a  tertiary  order. 

It  is  clear  that  the  lung  is  not  a  congenial  situation  for  the  growth 
of  cancerous  tumours,  as  they  rarely  attain  to  any  considerable  size. 
There  is  the  most  marked  contrast  in  this  respect  between  the 
lungs  and  the  liver.  There  is  not  infrequently  in  the  lungs  abun- 
dant evidence  of  cancerous  infection,  but  the  actual  cancerous 
I  growth  almost  limits  itself  to  the  lymphatics.  Thus  there  may 
be  visible  under  the  pleura  a  net-work  of  a  whitish  colour  con- 
sisting of  lymphatics  occupied  by  cancerous  growth,  whilst,  on 
section,  small  white  nodules  are  seen  around  the  bronchi,  which  are 
the  peribronchial  and  perivascular  lymphatics  filled  with  cancerous 
tissue. 

The  lungs  may  give  passage  to  the  cancerous  infection  whilst 
themselves  unaffected,  or  only  to  the  slight  extent  mentioned  above. 
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There  may  thus  be  a  generalization  of  the  cancer  without  any 
tumours  in  the  lungs. 


definite 


An  interesting  demonstration  of  the  conditions  referred  to  above  was  afforded 
in  a  case  which  occurred  to  the  author,  and  which  may  here  be  briefly  related. 
It  illustrates  as  well  the  tendency  of  the  cancerous  growth  to  penetrate  into 
existing  spaces  and  canals.  The  primary  tumour  was  a  cancer  of  the  stomach, 
and  secondary  growths  had  occurred  in  the  prevertebral  glands.  One  of  these 
glands  was  adherent  to  the  vena  cava,  and  several  radicles  of  this  vein  emerged 
from  the  midst  of  cancerous  glands.  Actual  cancerous  thrombi  of  some  of  these 
veins  were  detected  by  the  naked  eye,  and  under  the  microscope  it  was  seen 
that  the  cancerous  masses  had  partially  penetrated  into  the  venous  radicles  in 
the  glands.     On  examining  the  lungs  with  the  naked  eye  it  could  be  seen 

from  the  surface  that  the 
fifths  new-formation  was  largely 

II  m   the   lymphatic  vessels 

'^^^f^^^^^^  Q0M         which   were  visible   as  a 

white  network.  On  section 
the  arteries  were  usually 
seen  to  be  surrounded  by 
new-formed  tissue.  Under 
the  microscope  the  finer 
branches  of  the  pulmonary 
artery  were  found  to  be  fre- 
quently obstructed.  The 
obstructing  material  was  not 
entirely  cancerous  in  struc- 
ture, but  there  was  often  a 
round-cell  formation  with 
now  and  again  a  distinctly 
cancerous  appearance.  In 
most  cases  the  obstruction 
was  complete.  Outside  the 
obstructed    arteries  there 

were  spaces  and  canals  filled  with  cancerous  growths,  as  shown  in  Fig.  394.  These 
were  obviously  the  lymphatic  channels  of  the  sheath  of  the  vessels  into  which 
the  cancerous  formation  had  penetrated,  just  as  it  does  in  primary  cancer  (see 
Fig.  393). 
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Fig.  394. —  Embolic  cancer  of  lung.  One  of  the  spaces  filled, 
with  epithelial  cells.  There  is  a  larger  space  with  two  branches 
into  which  the  epithelial  cells  have  extended,    x  00. 


Parasites  in  the  lung. — These  are  of  very  rare  occurrence,  unless 
we  include  microbes  which  have  already  been  considered.  A  fungus 
of  the  Aspergillus  form  has  been  found  in  a  few  cases,  in  cavities, 
and  in  the  expectoration  in  some  cases  (Mycosis  of  the  king). 

Of  animal  parasites,  Echinococcus  is  most  frequently  seen.  There 
may  be  perforation  of  the  cyst  into  bronchus,  pleura,  or  peritoneum. 
The  parasite  is  generally  situated  in  the  lower  lobe.  Cysticercus 
cellulosa?  has  also  been  observed. 

Amongst  rare  parasites  in  the  lung  may  be  mentioned  one  case  of 
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a  long  round  worm,  the  Strongylvs  longevaginatus,  found  in  a  child 
six  years  of  age  (Diesing).  It  is  also  said  that  in  Egypt  the  eggs 
of  distoma  haematobium  are  found  in  the  interstitial  tissue.  The 
distoma  pulmonale  is  a  frequent  parasite  in  Japan.  The  worms  are 
about  three  eighths  of  an  inch  in  length,  and  their  eggs  appear 
in  the  sputum  of  the  patients,  which  also  contains  blood  (see 
p.  373). 

Literature.  —  Tumours — Rokitansky,  Handbuch,  iii. ;  Virchow,  Geschwuilste,  ii.  ; 
Ebehth,  (Cancer)  Virch.  Arch.,  xlix. ;  Langhans,  ibid.,  liii.  ;  Perls,  ibid.,  lvi.  ; 
Weichselbaum,  ibid.,  lxxxv. ;  Finlay  and  Parker,  Med.  chir.  trans.,  lx. ;  Marchia- 
fava,  Piiv.  clin.  di  Bologna,  1874;  Coats,  Path,  trans.,  1888,  xxxix.,  326.  Parasites. 
Mycosis — Virchow,  Virch.  Arch.,  ix.  and  x. ;  Furbrixger,  ibid.,  lxvi.  Echino- 
coccus — Thomas,  Brit.  Med.  Jour.,  1885,  ii.,  692;  Laverax,  Kyst.  hydat.  des 
poumons,  1885.  Round  worms — Maxson,  Lancet,  1883;  Baelz,  Berl.  klin. 
Wochenschr.,  1883  ;  Yamagiwa,  Virch.  Arch.,  cxix.,  1890. 

E. — The  Pleura. 

1.  Affections  of  the  circulation. — There  can  scarcely  be  any  inde- 
pendent circulatory  disturbances  in  the  pleura.  Hyperemia  exists 
in  cases  of  severe  dyspnoea,  and  this  may  result  even  in  subpleural 
haemorrhages,  producing  Petechias,  which  are  regarded  as  of  diagnostic 
significance  in  death  from  suffocation  (see  p.  710). 

Haemorrhage  into  the  pleural  sac  arises  as  a  result  of  wounds, 
rupture  of  aneurysms,  and  sometimes  from  tubercular  or  cancerous 
new-formations  in  the  pleura,  more  particularly  the  latter. 

Hydrothorax  is  a  dropsy  of  the  pleural  sac.  Hydrothorax  of 
local  origin  is  brought  about  by  conditions  which  obstruct  the  veins 
or  lymphatics.  It  is  induced  not  infrequently  by  malignant  tumours 
of  the  mediastinum  or  of  the  pleura  itself.  It  is  frequently  part  of 
a  general  dropsy,  as  in  Blight's  disease,  cardiac  disease,  or  anaemia. 
The  exudation  consists  of  clear  watery  fluid.  It  is  often  limited 
by  adhesions,  which  latter  may  also  be  dropsical.  The  lung  is 
compressed  in  proportion  to  the  amount  of  fluid. 

Chylous  hydrothorax  is  a  rare  form,  arising  from  rupture  of  the 
thoracic  duct  (see  p.  125). 

2.  Inflammations  of  the  pleura.  Acute  pleurisy. — We  have  seen 
that  whenever  any  form  of  inflammation  comes  to  the  surface  of 
the  lung  it  causes  inflammatory  changes  in  the  pleura ;  there  is 
acute  pleurisy  in  acute  pneumonia  and  in  caseous  phthisis,  and  chronic 
pleurisy  is  a  constant  accompaniment  of  all  forms  of  phthisis  pul- 
monalis.  On  the  other  hand,  the  pleura  seems  to  have  intimate 
connections  with  the  peritoneum,  as  there  are  lymphatic  channels 
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passing  through  the  diaphragm  which  form  communications  between 
the  two  sacs,  and  so  pleurisy  often  follows  on  peritonitis. 

These  channels  are  doubtless  intricate  and  narrow,  so  that  the  diaphragm  acts 
to  a  certain  extent  as  a  barrier  between  the  two  sacs,  but  it  is  not  sufficient  to 
prevent  the  passage,  for  instance,  of  the  tubercular  virus  from  the  one  to  the 
other.  A  tubercular  peritonitis  is  nearly  always  accompanied  by  a  tubercular 
pleurisy,  perhaps  limited  to  the  lower  parts  of  the  sac.  Similarly  a  septic 
peritonitis  has  usually  a  dependent  pleurisy.  Tumours  of  the  peritoneum  also 
frequently  lead  to  similar  formations  in  the  pleura. 

Besides  these  we  may  have  pleurisy  occurring  in  the  course  of 
some  acute  diseases,  such  as  acute  rheumatism,  pyaemia,  etc.  In 
addition  to  these  there  seems  to  be  a  more  independent  pleurisy, 
produced,  as  it  is  said,  by  cold.  Whilst  cold  applied  to  the  chest 
may  doubtless  lead  to  a  pleurisy,  yet  it  is  probable  that  many  cases 
of  apparent  simple  pleurisy  either  owe  their  origin  to  tuberculosis 
of  the  lung  (see  ante)  or  are  themselves  tubercular  in  character. 

There  is  often  a  localized  pleurisy  occurring  in  a  limited  area,  just  where  the 
pleura  is  most  directly  exposed  to  the  effects  of  cold,  namely,  in  the  left  lower 
lateral  region.  In  this  position  the  chest  is  not  covered  by  any  considerable 
layer  of  muscles,  as  the  fleshy  masses  of  the  latissimus  dorsi  and  pectoralis 
major  passing  upwards  to  the  arm  leave,  as  it  were,  an  unprotected  space 
covered  by  the  comparatively  thin  origins  of  the  serratus  magnus  and  external 
oblique  muscle  of  the  abdomen.  This  part  is  also  removed  from  the  centre  of 
heat  in  the  heart,  and  on  the  left  side  instead  of  the  liver  there  is  the  hollow 
stomach.  On  the  right  side  the  liver  is  a  source  of  heat,  and  renders  the 
corresponding  part  on  this  side  less  exposed  to  cold  than  that  on  the  left,  but 
still  more  exposed  than  most  other  parts  of  the  chest.  It  is  probable  that,  in 
these  localities  especially,  cold,  acting  directly  on  the  chest  wall,  may  cause 
an  inflammation  of  the  pleura  by  depressing  the  temperature. 

In  its  Anatomical  details  acute  pleurisy  is  closely  analogous  to 
acute  pericarditis.  There  is  hypersemia,  soon  followed  by  a  thin 
fibrinous  deposit.  This  fibrinous  exudation,  forming  a  soft  yellow 
layer,  often  attains  to  a  considerable  thickness,  forming  shaggy  pro- 
jections from  the  pleural  surface  especially  in  the  region  of  the 
lower  lobe.  Serous  fluid  is  also  exuded,  sometimes  in  considerable 
abundance.  The  exudation  in  some  cases  is  hemorrhagic  in  char- 
acter. 

If  the  inflammation  goes  on  there  is  a  new-formation  of  vascular 
granulation  tissue  which  may  come  to  replace  the  fibrine.  If  two  such 
surfaces  are  in  contact,  by  absorption  of  the  serous  fluid  or  otherwise, 
coalescence  occurs  and  complete  union  of  the  surfaces,  the  granulation 
tissue  afterwards  developing  into  connective  tissue.    We  have  already 
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seen  that  the  fluid  accumulated  in  the  pleural  sac  frequently  compresses 
the  lung  greatly,  producing  collapse. 

Empyema  is  a  suppurative  inflammation  of  the  pleura.  It  may 
develop  from  an  ordinary  pleurisy  or  the  inflammation  may  have  been 
suppurative  from  the  outset.  In  the  latter  case  there  has  usually  been 
some  specially  virulent  irritant  present  in  the  pleura,  as  where  a 
metastatic  abscess  in  the  lung  has  approached  the  pleura,  or  where 
pleurisy  is  one  of  the  phenomena  of  septicaemia.  In  these  cases  the 
disease  is  generally  rapidly  fatal,  and  we  may  find  remains  of  the 
fibrinous  exudation  mixed  with  abundant  pus. 

Where  the  suppuration  has  come  on  in  the  course  of  a  simple 
pleurisy  the  disease  is  often  greatly  prolonged,  and  the  pleura  under- 
goes great  thickening,  being  converted  into  a  bulky  layer  of  granula- 
tion tissue  like  the  wall  of  an  abscess.  The  granulation  tissue  may 
undergo  partial  transformation  into  connective  tissue  with  occasional 
adhesion,  and  as  the  lung  has  been  compressed  by  the  exudation  we 
may  have  drawing  together  of  the  chest  to  an  extreme  degree,  should 
the  pus  be  discharged  or  partially  absorbed.  The  pus  may  dry-in 
instead  of  being  discharged  or  absorbed.  In  that  case  it  is,  in  course 
of  time,  impregnated  with  lime  salts,  so  that  considerable  masses 
of  calcareous  matter  may  be  found  free  in  the  pleura  or  embedded 
in  adhesions.  Very  striking  results  are  sometimes  brought  about 
in  this  way.  The  lung  may  be  in  great  part  surrounded  by  a 
cuirasse  of  flat  calcareous  plates. 

3.  Chronic  pleurisy  and  Pleural  adhesions. — We  have  already  seen 
that  an  acute  pleurisy  may  result  in  adhesion  of  the  sac,  the  process  of 
adhesion  resulting  from  coalescence  of  the  surfaces  which  have  become 
like  granulation  tissue  from  the  inflammation.  Such  adhesion  will  not 
occur  so  long  as  fibrine  is  present  on  the  surface,  and  is  to  be  carefully 
distinguished  from  the  mere  gluing  which  may  occur  in  the  earlier 
stages  from  the  adhesion  of  the  fibrinous  exudation  on  opposed 
surfaces.  We  have  also  seen  that  in  the  frequent  chronic  pleurisy 
of  phthisis  a  similar  adhesion  occurs,  and  the  method  of  its  occurrence 
is  similar.  Without  any  fibrinous  or  serous  exudation  the  surfaces 
come  to  have  the  characters  of  granulation  tissue,  and  coalescence 
With  vascular  communication  occurs. 

4.  Tuberculosis  of  the  pleura.  This  manifests  itself  chiefly  as  an 
inflammation  of  the  pleura,  and  hence  is  identical  with  Tubercular 
pleurisy.  The  tubercle  bacillus  does  not  usually  reach  the  pleura 
directly  from  the  lung  in  phthisis  pulmonalis,  the  pleurisy  associated 
with  phthisis  being  usually  non-tubercular.  On  the  other  hand,  the 
infection  may  reach  the  pleura  by  a  local  extension  from  the  peri- 
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cardium  or  peritoneum,  from  a  tubercular  lymphatic  gland  at  the 
root  of  the  lung,  or  from  a  tubercular  abscess  in  connection  with 
the  vertebrae.    It  may  also  be  conveyed  by  the  blood. 

Tuberculosis  generally  manifests  itself  at  first  as  an  acute  or  sub- 
acute inflammation,  accompanied  by  abundant  fibrinous  exudation, 
sometimes  mixed  with  blood.  The  tubercles  are  buried  under  the 
exudation,  which  may  be  very  tough,  and  they  may  escape  detection 
unless  the  fibrin  e  be  peeled  off.  They  are  often  best  seen  between  the 
lobes  of  the  lung,  where  the  close  contact  of  the  surfaces  hinders  the 
deposition  of  fibrine,  and  here  they  are  visible  as  closely-set  white 
nodules.  The  inflammation  may  go  on  to  suppuration,  so  that  we 
may  have  an  empyema. 

The  acute  character  usually  subsides  after  a  time,  and,  with  chronic 
inflammation,  new-formation  of  connective  tissue  occurs,  forming  firm 
adhesions  in  the  midst  of  which  the  tubercles  may  be  found.  As  in 
the  case  of  tubercular  pericarditis,  the  adherent  and  coalesced  pleura 
will  show  two  layers  of  tubercles,  one  belonging  to  the  pulmonary 
and  the  other  to  the  parietal  layer. 

There  may  be  a  partial  extension  of  the  tuberculosis  into  the  lung, 
along  the  interlobular  septa,  but  it  is  a  very  superficial  process. 

5.  Pneumothorax. — This  has  been  referred  to  in  connection  with 
phthisis  pulmonalis,  and  the  mode  of  origin  there  indicated  is  that  in 
the  great  majority  of  cases.  Of  the  remainder  there  are  some  in  which 
it  is  due  to  empyema — the  visceral  pleura  having  softened  and  the  lung 
having  become  ulcerated  so  as  to  communicate  with  the  pleura, — and 
others  in  which  it  is  due  to  gangrene  of  the  lung,  or  to  metastatic 
abscesses,  or  to  the  bursting  of  emphysematous  vesicles,  or  to  a 
traumatic  cause. 

The  air  in  the  pleural  cavity  is  usually  at  a  high  pressure  and  the 
cavity  is  much  distended,  so  that  when  the  chest  is  opened  the  air 
rushes  out  with  some  force.  The  pleural  cavity  as  exposed  presents 
a  remarkably  empty  appearance,  the  lung  being  compressed  except 
where  there  are  adhesions,  which  may  form  tense  bridges  across  from 
parietal  to  visceral  layer  or  may  limit  the  pneumothorax  considerably. 
If  the  patient  live  there  is  nearly  always  an  acute  suppurative  pleurisy, 
so  that  the  condition  may  be  designated  Pyo-pneumothorax. 

Experimental  observation  seems  to  show  that  the  air  may  be 
absorbed,  and  this  is  confirmed  by  actual  clinical  observation. 

6.  Tumours  of  the  pleura. — Primary  tumours  are  rare,  but  cases 
of  osteoma  and  of  lipoma  have  been  recorded. 

Primary  cancer  occurs  in  the  pleura,  forming,  according  to  some, 
Endothelial  cancer.    In  most  of  the  recorded  cases  there  has  been 
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great  thickening  of  the  pleura  and  the  tumour  formation  was  in 
some  apparently  related  to  the  lymphatics.  The  pleura  has  usually 
•contained  a  bloody  fluid  and  has  been  coated  with  coagulum  some- 
times with  the  appearance  of  acute  pleurisy.  In  some  cases  there 
has  been  metastasis  to  other  organs. 

In  a  case  observed  by  the  author  there  were  numerous  tumours  on  the  pleura, 
and  also,  by  coalescence,  larger  masses,  forming  a  layer  of  considerable  thickness. 
The  tumours  were  almost  continuous  over  the  pleura,  and  there  was  no  tumour 
anywhere  else.  The  sac  was  greatly  distended  with  a  blood-coloured  fluid, 
measuring  140  ounces,  which  had  deposited  a  loose  brown  coagulum.  During 
.life  the  case  resembled  one  of  acute  pleurisy  with  great  effusion.  Paracentesis 
was  twice  performed,  and  a  bloody  fluid  withdrawn. 

Microscopic  examination  showed  the  tumour  to  be  a  superficial  cancer  of  the 
pleura.  There  was  the  usual  stroma  enclosing  epithelial  cells,  which  were 
frequently  fatty.  The  tumours  were  not  at  all  deep  in  the  substance  of  the 
pleura,  there  being  always  a  layer  of  connective  tissue  beneath  them.  (See 
.Glasg.  Med.  Jour.,  July,  1889.) 
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SECTION  V. 


DISEASES  OF  THE  THYROID  AND  THYMUS  GLANDS  AND 
OF  THE  SUPRARENAL  BODIES. 


A.  — The  Thyroid  Gland. — 1.  Exophthalmic  goitre;  Graves'  or  Basedow's  disease. 

2.  Simple  goitre  or  Bronchocele  ;  consists  of  hypertrophy  and  adenoma  ; 
colloid  change  usually  present ;  fibrous  induration  and  calcification  ;  goitre 
with  secondary  tumours.  3.  Tumours.  4.  Myxcedema  ;  an  affection  chiefly 
of  skin  and  subcutaneous  tissue,  but  affecting  other  parts ;  depends  on 
atrophic  disease  of  thyroid ;  may  be  from  excision  of  gland  (cachexia 
strumipriva) ;  producible  by  experiment.  5.  Cretinism,  probably  from 
disease  of  thyroid. 

B.  — The  Thymus. — Its  various  diseases. 

C.  — The  Suprarenal  Bodies. — Chiefly  Addison's  disease. 


[HE  thyroid  gland  consists  of  saccules  of  various  shapes  lined 


JL  with  epithelium.  In  these  saccules  there  is  often  a  little 
clump  of  colloid  matter,  the  amount  of  which  varies  wTithin  normal 
limits.  The  gland  has  no  duct,  and  its  secretion  presumably  passes 
into  the  blood  by  the  lymphatics  or  the  veins.  This  secretion  has 
evidently  a  most  important  function  in  the  animal  economy  as 
excision  or  atrophy  of  the  gland  leads  to  a  serious  train  of  symptoms. 
These  symptoms  are  chiefly  weakness  and  pains  in  the  muscles,  impair- 
ment of  the  cerebral  activity,  and  an  excessive  production  of  mucin 
which,  being  deposited  in  the  subcutaneous  tissue,  gives  rise  to 
myxcedema,  under  which,  name  the  whole  phenomena  are  included. 
These  facts  indicate  that  the  thyroid  secretion  has  an  important 
action  on  the  nervous  system  and  other  structures.  It  is  well 
known  that  the  thyroid  gland  of  animals  has  been  used  thera- 
peutically in  cases  where  the  gland  was  atrophied,  with  excellent 
results.  The  potency  of  the  glandular  secretion  is  shown  not  only 
by  its  therapeutic  effects  but  also  by  the  fact  that  an  over-dose  of 
the  gland  leads  to  pronounced  symptoms  in  which  mental  excite- 
ment and  excitement  of  the  heart  are  prominent. 


A.— The  Thyroid  Gland. 


GOITRE. 
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The  principal  diseases  of  the  thyroid  are  associated  with  enlarge- 
ment, and  to  these  the  names  Goitre  and  Struma  are  applied. 

1.  Exophthalmic  goitre  (Graves'  disease,  Basedow's  disease). — In  this 
the  condition  of  the  thyroid  gland  is  only  part  of  the  morbid 
phenomena.  The  eyeballs  are  prominent,  the  heart  liable  to  ex- 
cited action,  and  the  thyroid  is  enlarged  and  vascular.  The  disease 
seems  to  be  due  to  a  lesion  of  the  vaso-motor  nervous  system,  and 
the  thyroid  shows  after  death  no  constant  lesion.  It  has  been  found 
hypertrophied,  or  abnormally  vascular  or  cystic,  but  also  in  many 
cases  normal.  The  suggestion  has  been  made  that  the  disease  is 
due  to  a  hypertrophy  of  the  thyroid  whose  excessive  secretion  leads 
to  the  symptoms,  but  this  view  has  not  been  confirmed. 

2.  Simple  goitre.  Bron- 
chocele  (also  called  in  German 
Struma  and  Kropf). — This  dis- 
ease consists  in  an  enlarge- 
ment of  the  thyroid,  which, 
occurring  as  it  does  chiefly  in 
certain  specific  localities,  is 
ascribed  to  an  unknown 
Miasma.  The  enlargement 
of  the  gland  may  be  uniform, 
but  in  many  cases  it  is  un- 
symmetrical,  as  in  Fig.  395. 

The  lesion  in  ordinary 
goitre  is  primarily  an  increase 
of  the  normal  gland  tissue. 
This  has  sometimes  the  char 
acters  of  a  simple  Hyper- 
trophy, the  saccules  being 
multiplied  (Fig.  396,  c,  c).  In 
other  cases  the  new-formed 
tissue  is  discontinuous,  occur- 
ring in  the  form  of  isolable 
tumours  in  the  midst  of  the  gland.  To  this  form  the  name  Adenoma 
is  given  (see  d  in  figure).  In  many  cases  hypertrophy  and  adenoma 
co-exist. 

In  both  forms  the  tissue  is  liable  to  secondary  changes.  An 
almost  constant  condition  is  colloid  degeneration.  Some  saccules 
nearly  always  contain  colloid  matter,  and  in  many  cases  there  are 
many  saccules  greatly  enlarged  and  distended  with  this  substance. 
When  this  is  sufficient  to  give  a  character  to  the  naked-eye  appear- 


Fig.  395.—  Goitre.  There  is  enlargement  chiefly 
of  the  left  lobe  of  the  thyroid. 
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ances  the  term  Colloid  goitre  is  used.  Some  of  the  altered 
saccules  may  assume  preponderating  dimensions  so  that  Cysts 
develop. 


Fig.  396. — From  an  indurated  goitre,  a,  thickened  capsule  ;  b,  thickened  trabe- 
culii ;  r,  hypertrophied  gland  tissue  ;  d,  an  isolated  and  necrosed  piece  of  gland  tissue 
(adenoma),    x  20. 

The  affected  gland  not  infrequently  undergoes  Fibrous  induration 
(as  in  Fig.  396) ;  the  capsule  and  the  connective-tissue  septa  become 
thickened.  In  the  midst  of  the  fibrous  tissue  pieces  of  gland  tissue 
which  have  undergone  necrosis  may  be  visible  (as  at  c  in  figure). 
In  such  indurated  glands  calcification  commonly  ensues,  especially  in 
necrosed  parts.    A  true  ossification  has  also  been  observed. 

Goitre  is  usually  a  simple  affection,  but  a  few  cases  are  on  record 
in  which  secondary  tumours  developed,  chiefly  in  the  bones.  In  a 
case  observed  by  the  author  there  were  several  such  tumours  in 
the  bones  of  the  skull,  which  presented  the  typical  structure  of  the 
thyroid  gland.  The  figures  in  the  text  are  all  from  this  case. 
Fig.  395  represents  the  thyroid  enlargement,  Fig.  396  shows  the 
microscopic  structure  of  the  goitre.  Fig.  397  shows  a  tumour  of 
the  parietal  bone  which  had  eroded  the  bone.  In  Fig.  398,  the 
microscopic  structure  of  the  tumour  is  given  and  the  saccules  of 
thyroid  tissue  lined  with  epithelium  are  shown. 

3.  Tumours  of  the  thyroid. — Cancer  is  not  very  uncommon.  It 
occurs  chiefly  as  an  ordinary  glandular  carcinoma,  but  also  as  a 
cylinder-celled  tumour.  Sarcoma  also  occurs.  Wolfier  has  observedr 
besides  the  ordinary  round-celled  and  spindle-celled  forms,  a  true 
giant-celled  sarcoma.  In  a  case  of  round-celled  sarcoma  observed 
by  the  author  there  were  two  large  cysts,  and  the  tumour  extended 
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down  into  the  chest  as  far  as  the  pericardium.  It  also  incorporated 
the  anterior  wall  of  the  trachea. 


Fig.  397.— Secondary  tumour  in  skull  from  case  of  goitre.  The  dura  mater  is 
raised  and  has  carried  the  tumour  tissue  with  it.  The  bone  is  eroded,  and  in  one 
place  perforated. 


Fig  898. — From  section  of  secondary  tumour  in  bone  in  case  of  goitre,    x  300. 
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Literature. — A  very  full  account  of  Goitre  and  Tumours,  with  many  illustrations 
by  Wolfler,  in  Langenbeck's  Arch.,  xxix.,  1883;  Virchow,  Krank.  Geschwulste, 
iii. ;  Gutknecht,  Virch.  Arch.,  xcix. ;  Bircher,  Der  endemische  Kropf,  1883. 
Goitre  ivith  secondary  tumours — Cohnheim,  Virch.  Arch.,  lxviii.,  1876 ;  Morris, 
Path,  trans.,  xxxi.,  1880;  Coats,  ibid.,  xxxviii.,  1887.  Ttunours — Bircher,  in 
Volkmann's  Sammlung,  No.  222;  Coats,  Catal.  of  Western  Infirmary  Museum, 
1885,  p.  209. 

4.  Myxcedema. — This  condition  was  first  described  by  Sir  William 
Gull  under  the  designation  Cretinoid  state.  Dr.  Ord  recorded  further 
cases,  and  suggested  the  term  Myxoedema. 

The  disease  manifests  itself  first  as  a  swelling  of  the  skin  and 
subcutaneous  tissue  generally,  which  resembles  ordinary  oedema,  but 
differs  in  respect  that  it  is  not  influenced  by  gravitation,  does  not 
pit  on  pressure,  and  is  obviously  a  more  solid  swelling  than  that 
of  oedema.  Besides  the  change  in  the  skin  there  are  pronounced 
symptoms  pointing  to  the  nervous  system,  analogous  to  those  already 
mentioned  as  due  to  excision  or  atrophy  of  the  thyroid  gland.  These 
are,  chiefly,  weakening  of  the  intellectual  powers,  dulness  of  sensi- 
bility, muscular  weakness,  etc. 

The  condition  of  the  skin  is  due  mainly  to  the  fact  that  mucin 
is  present  in  excess,  but  there  are  also  signs  of  irritation  in  the 
form  of  accumulation  of  round  cells.  The  hairs  are  liable  to  atrophy 
and  the  secretion  of  the  sweat  and  sebaceous  glands  is  diminished. 

The  chemical  examination  of  the  skin  and  subcutaneous  tissue  by  Dr.  Ord 
showed  a  great  excess  of  mucin.  His  examination  was  in  a  case  in  an  early 
stage  with  the  full  swelling  of  myxoedema  still  present.  Chemical  analysis  of 
cases  at  a  later  stage  shows  that  in  them  the  mucin  is  scarcely  in  excess,  and 
the  swelling  of  the  skin  is  due  largely  to  an  increase  of  the  subcutaneous  fat. 
In  the  experiments  in  animals  by  Horsley,  in  which  examinations  were  made 
in  an  early  stage,  there  was  found  an  excess  of  mucin  not  only  in  the  skin, 
but  also  in  the  fibrous  tissues,  blood,  and  salivary  glands.  The  parotid  gland, 
which  normally  contains  no  mucin,  presented  that  substance  in  large  quantity. 
It  showed  on  microscopic  examination  the  usual  appearances  of  a  mucous  gland 
secreting  mucus,  namely,  gland  cells  in  the  acini  distended  with  mucin  and 
having  the  characteristic  appearance  of  goblet  cells. 

There  are  less  constant  changes  of  a  similar  nature  elsewhere, 
as  in  the  mucous  membrane  of  the  mouth,  and  the  teeth  are  liable 
to  drop  out  like  the  hairs  from  the  skin.  There  are  also  in  some 
cases  interstitial  changes  in  the  sympathetic  nerves,  kidneys,  liver, 
heart,  and  submaxillary  glands  (Virchow). 

Myxoedema  has  been  found  uniformly  associated  with  Atrophic 
disease  of  the  thyroid  gland.  The  gland  is  usually  diminished  in 
size,  and  has  a  yellowish  or  pale  appearance  instead  of  the  usual 
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dull  red  colour.  The  condition  seems  to  depend  on  an  interstitial 
inflammation  of  the  gland.  There  is  an  infiltration  of  round  cells 
between  the  vesicles,  followed  at  first  by  proliferation  of  the  epithelium 
in  the  vesicles,  but  succeeded  by  atrophy.  In  a  more  advanced 
period  the  gland  tissue  is  replaced  by  fibrous  tissue  in  which  the 
remains  of  the  proper  gland  tissue  are  represented  by  clumps  of 
round  cells. 

The  connection  between  myxcedema  and  destruction  of  the  thyroid 
gland  has  been  shown  in  various  ways.  Excision  of  the  gland  for 
disease  in  man  gives  rise  to  a  condition  virtually  identical  with 
myxcedema  in  a  considerable  proportion  of  cases.  Kocher  described 
the  results  of  thyrectomy  without  being  aware  of  the  previous 
descriptions  of  myxcedema,  and  the  two  descriptions  are  very  similar, 
obviously  referring  to  the  same  conditions.  The  myxcedema  following 
excision  of  the  thyroid  has  been  described  under  the  name  of 
Cachexia  strumipriva  or  thyeopriva. 

Extirpiration  of  the  thyroid  gland  in  animals  is  followed,  especially 
in  the  case  of  monkeys,  by  conditions  closely  resembling  those  of 
myxcedema,  sometimes  in  an  acute,  sometimes  in  a  chronic  form. 

The  therapeutic  effects  of  the  administration  of  the  thyroid  gland 
of  animals,  either  the  gland  itself  or  as  an  extract,  are  an  interesting 
demonstration  of  the  nature  of  myxcedema.  The  improvement  in  all 
the  symptoms  shows  that  the  disease  is  itself  due  to  decrease  in 
the  thyroid  secretion. 

The  pituitary  body  (or  hypophysis  cerebri)  has  a  structure  closely 
resembling  that  of  the  thyroid  gland,  and  its  function  is  probably 
similar.  In  some  cases  of  myxcedema  enlargement  of  the  pituitary 
body  has  been  observed,  so  that  it  fills  out  and  causes  enlargement 
of  the  sella  turcica. 

5.  Cretinism. — This  name  is  applied  to  a  condition  in  which  the 
body  is  stunted  from  deficient  growth  of  the  long  bones,  the  nose 
is  sunk  from  imperfect  growth  of  the  base  of  the  skull,  the  head 
is  large  and  the  neck  short,  and  the  intellect  is  very  defective.  It 
is  mostly  endemic  but  sporadic  cases  occur.  The  thyroid  gland  is 
affected  in  almost  all  cases  of  cretinism,  and  the  condition  has  been 
ascribed  to  disease  of  the  gland  either  of  congenital  origin  or  occurring 
in  early  life.  The  condition  of  the  thyroid  gland  is  not  always  the 
same.  There  may  be  a  regular  goitre,  and  it  is  interesting  that 
goitre  and  cretinism  are  sometimes  endemic  in  the  same  localities. 
In  other  cases  the  thyroid  gland  is  cystic,  and  in  others  it  is 
atrophic.  It  is  to  be  remarked  that  an  apparent  enlargement  of 
the  thyroid  may  be  associated  with  atrophy  of  its  proper  secreting 
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tissue,  and  that  goitre  is  often  associated  with  defect  in  the  function 
of  the  gland. 

There  are  several  grounds  for  regarding  cretinism  as  due  to  disease 
producing  defect  in  the  secretion  of  the  thyroid.  One  of  these  is 
that  the  phenomena  closely  resemble  those  of  myxoedema  or  cachexia 
strumipriva,  especially  when  these  have  been  observed  in  the  young 
subject.  The  fact  that  Gull  applied  to  myxcedema  the  name  of  cretinoid 
state  is  evidence  of  the  close  resemblance  between  the  two  con- 
ditions. Again,  it  has  been  found  that  in  some  cases  where  children 
presenting  the  general  symptoms  of  cretinism  have  been  treated  with 
thyroid  gland  they  have  shown  much  improvement.  It  is  expected 
by  many  that  the  endemic  cretinism  of  some  localities  may  be  in 
part  overcome  by  this  treatment,  but  sufficient  time  has  not  elapsed 
to  bring  the  matter  fully  to  the  test. 

If  this  view  of  the  nature  of  cretinism  be  correct  then  it  may  be 
asserted  that  the  loss  of  the  thyroid  secretion  when  it  occurs  at 
an  early  age,  causes  defective  growth  of  the  bones  and  such  a 
dulling  of  intellect  as  to  constitute  idiocy. 

Literature.— (ti  ll,  Trans,  of  Clin.  Soc.  of  London,  1873;  Ori>,  Med.  chir.  trans., 
1877  ;  Reyerihn,  Rev.  med.  de  la  Suisse  Rom.,  1883  and  1887 ;  Kocher,  Arch.  f. 
Chirnrgie,  xix.,  1883  ;  Virchow,  Berl.  klin.  YVochenschr.,  1887  ;  Horsley, 
Festschr.  f.  Virchow,  1891;  De  Quervain,  Virch.  Arch.,  cxxxiii.,  1893;  Boyce 
and  Beadles,  (Hypert.  of  pituitary)  Jour,  of  path.,  i.,  223.  A  very  full  account 
of  Myxcedema,  with  history  and  literature  in  Report  to  Clin.  Soc.  of  London, 
1888.    In  this,  papers  by  Ori>,  Halirurtox,  Horsley,  Semox,  etc. 

B. — The  Thymus  Gland. 

The  thymus  gland  is  situated  in  the  upper  part  of  the  anterior 
mediastinum,  extending  up  in  front  of  the  trachea  nearly  as  high 
as  the  thyroid.  It  attains  its  largest  size  about  the  second  year  of 
life,  remains  stationary  from  that  time  till  the  fourteeth  year,  and 
then  gradually  atrophies.  The  atrophy  is  associated  with  an  in- 
filtration of  adipose  tissue.  By  some  the  gland  is  regarded  as 
lymphatic  in  structure  and  function,  but  embryologically  it  seems 
to  have  an  epithelial  origin.  It  contains  round  bodies  which  are 
sometimes  calcified,  the  so-called  Concentric  bodies  of  Hassall. 

The  thymus  is  liable  to  Inflammations  like  other  glands.  Hyper- 
trophy also  occurs,  and  cases  of  asthma  and  of  spasm  of  the  glottis 
have  been  ascribed  to  this  condition,  but  without  sufficient  evidence. 

Enlargements  occur  in  Leukaemia  and  in  Hodgkin's  disease,  the  rela- 
tion of  the  organ  to  the  spleen  and  lymphatic  glands  being  thus  indicated. 

Tumours  also  occur,  chiefly  sarcomas,  and  also  cancers. 
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Syphilis  sometimes  manifests  itself  by  the  presence  of  gummata, 
and  also,  it  is  said,  by  suppuration.  Tuberculosis,  according  to 
Jacobi,  is  not  of  infrequent  occurrence,  both  as  a  local  affection 
and  in  general  tuberculosis. 

Literature. — Saxxe,  in  Diet,  encycl.  des  sc.  med.,  Article  Thymus,  1887; 
Jacobi,  Comptes  rendus  du  Congres  pour  1' etude  de  la  tuberculose,  1888,  and 
Anat.  and  Path,  of  thymus,  Trans.  Assoc.  of  Amer.  Phys.,  Sept.,  1888. 

C. — The  Suprarenal  Bodies. 

The  function  of  these  bodies  is  quite  obscure,  but  some  writers, 
on  a  supposed  analogy  with  the  thyroid  gland,  have  supposed  that 
they  secrete  some  substance  necessary  for  the  economy.  AYith  one 
exception  their  diseases  are  of  minor  importance. 

Addison's  disease,  which  is  characterized  by  a  peculiar  pigmenta- 
tion of  the  skin,  associated  with  loss  of  appetite,  inclination  to  vomiting, 
and  general  debility  usually  ending  fatally  in  about  two  years,  is 
demonstrably  connected  in  the  great  majority  of  cases  (80%  Lewin) 
with  disease  of  the  suprarenal  bodies.  The  disease  is  a  local  tuber- 
culosis. The  suprarenals  are  enlarged,  and  their  tissue  is  replaced 
by  caseous  matter  and  fibrous  tissue.  Usually  the  whole  organs  are 
transformed,  and  no  recent  or  recognizable  structures  may  be  found, 
but  if  the  condition  be  not  so  advanced,  then  ordinary  tubercles  are 
visible,  and  the  disease  is  seen  to  be  tubercular. 

In  the  obscurity  of  the  function  of  the  organ  the  nature  of  the 
connection  between  the  general  symptoms  and  the  disease  of  the 
organ  remains  unknown.  Many  have  supposed  that  the  general 
phenomena  of  Addison's  disease  are  to  be  ascribed  to  a  lesion  of 
the  sympathetic  nerves,  more  particularly  the  semilunar  ganglion 
and  neighbouring  plexus.  The  closeness  of  the  suprarenals  to  these 
structures  gives  support  to  this  explanation,  and  as  a  matter  of 
fact  there  are  usually  matting  and  other  changes  in  the  nerves.  On 
the  other  hand,  the  constancy  and  special  character  of  the  lesion 
in  the  suprarenal  bodies  bear  strongly  in  the  direction  of  an  in- 
terference with  the  function  of  these  organs. 

Tumours  are  not  frequent  in  the  suprarenal  bodies.  Struma  lipo- 
matosa  suprarenalis  is  a  name  used  by  Virchow  for  a  simple  enlarge- 
ment composed  of  suprarenal  tissue  rich  in  fat.  Primary  sarcoma 
is  an  occasional  tumour.  Secondary  cancer  in  the  form  of  isolated 
nodules  is  not  uncommon  when  generalization  of  cancer  has  occurred. 

In  addition  the  organs  are  liable  to  the  usual  pathological  changes,  but 
these  are  chiefly  secondary  to  affections  of  other  organs.  Thus  we  have 
inflammation,  haemorrhage,  fatty  degeneration,  amyloid  degeneration. 
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DISEASES  OF  THE  ALIMENTARY  CANAL. 


A.  — The  Mouth. — I.  Malformations  and  Retrograde  changes.    II.  Inflammations. 

I.  Catarrh,  2.  Thrush,  3.  Special  inflammations,  4.  Cancrum  oris,  5.  Glossitis. 

III.  Infective  and  other  Tumours — Syphilis,  Tuberculosis,  Tumours  proper. 

IV.  Affections  of  the  Teeth — 1.  Caries,  2.  Inflammations  about  the  teeth, 
3.  Syphilitic  teeth,  4.  Tumours  connected  with  the  teeth. 

B.  — The  Soft  Palate,  Pharynx  and  Tonsils.    1.  Malformations,  2.  Catarrhal  angina, 

3.  Phlegmonous  inflammation,  4.  Diphtheria,  5.  Acute  tonsillitis,  6.  Chronic 
tonsillitis,  7.  Syphilitic  disease,  8.  Tuberculosis,  9.  Tumours. 

C.  — The  (Esophagus.    1.  Dilatation,  {a)  General  dilatation,  (h)  Partial  dilatation, 

including  Pulsion-Diverticulum  and  Traction-Diverticulum,  2.  Obstruction, 
3.  Inflammation,  4.  Rupture  and  perforation,  5.  Tumours. 

D.  — The  Stomach.     Introduction  and  post-mortem  changes.    I.  Malformations 

and  Contractions.  II.  Dilatation  and  Hypertrophy.  III.  Inflammations, 
including  catarrh  and  effects  of  corrosives  and  poisons.  IV.  Simple  per- 
forating ulcer — Characters  ;  Effects  and  modes  of  origin.  V.  Hyperemia 
and  Haemorrhage.  VI.  Tuberculosis  and  Syphilis.  VII.  Tumours,  principally 
Cancer.  Structure  and  mode  of  growth  of  cancers.  Forms — 1.  Cylinder- 
celled  epithelioma,  2.  Soft  cancer,  3.  Scirrhus,  4.  Colloid  cancer. 

E.  — The  Intestines.    Introduction  and  post-mortem  changes.    I.  Malformations. 

II.  Embolism  and  Haemorrhage.  III.  Hernia — Causation  ;  Structure  of  sac  ; 
Forms  of  external  and  internal  hernias ;  Contents  ;  Irreducible  hernia ; 
Strangulation.  IV.  Twisting.  V.  Intussusception  and  Prolapse.  VI.  Inflam- 
mations— 1.  Catarrh,  2.  Phlegmonous  and  diphtheritic  inflammations,  3. 
Localized  inflammations,  especially  appendicitis.  VII.  Specific  inflamma- 
tions— 1.  Dysentery,  2.  Cholera,  3.  Typhoid  fever,  4.  Anthrax,  5.  Actino- 
mycosis. VIII.  Tuberculosis  and  Syphilis,  chiefly  the  tubercular  ulcer. 
IX  Retrograde  changes  and  abnormal  contents.  X.  Tumours,  chiefly  cancer. 
XI.  Obstruction  of  the  intestine — Some  unusual  causes  ;  Effects,  including 
stercoraceous  vomiting. 


NTRODUCTION. — The  alimentary  canal  is  lined  throughout  by 


a  mucous  membrane,  which  consists  of  loose  connective  tissue 
covered  with  epithelium  in  one  or  several  layers.  In  the  mucous 
membrane  and  to  some  extent  beneath  it,  are  glands  which  in 
different  parts  have  different  structures,  but  everywhere  secrete 
materials  that  pass  into  the  calibre  of  the  canal.     In  addition  to 
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these  there  are  in  many  parts  closed  follicles  of  a  lymphatic 
structure  which  usually  lie  near  the  surface  and  frequently  take  part 
in  changes  going  on  there.  Beneath  the  mucous  membrane  is  the 
submucous  tissue  which,  for  the  most  part,  is  loose,  and  so  allows 
the  mucous  membrane  to  go  into  folds  or  be  stretched  out  flat 
according  to  the  state  of  dilatation  or  contraction  of  the  canal. 
Outside  this  there  is  a  muscular  coat,  generally  in  two  layers,  by 
means  of  which  movements  and  variations  in  calibre  are  affected. 
In  most  parts  of  the  intestinal  canal  there  is  a  serous  coat  outside 
of  all. 

In  the  diseases  of  the  alimentary  canal  it  is  chiefly  the  mucous 
membrane  that  we  have  to  deal  with,  the  subjacent  structures  being 
usually  subordinate  and  affected  secondarily.  The  serous  coat,  it  is 
true,  is  often  affected  independently  ;  its  diseases,  however,  do  not 
belong  specially  to  the  alimentary  canal,  but  to  the  peritoneum  as 
a  whole.  The  mucous  membrane,  on  account  of  its  exposure  to  a 
variety  of  influences  derived  from  the  varying  contents  of  the  canal, 
is  specially  liable  to  inflammation,  and  the  great  majority  of  the 
diseases  to  be  considered  here  are  inflammatory. 

A. — The  Mouth. 
As  the  mouth  is  exposed  in  an  especial  manner  to  external 
influences,  so  its  mucous  membrane  possesses  an  epithelium  in  many 
layers,  and  it  is  not  nearly  so  liable  to  inflammations  as  most  other 
parts  of  the  alimentary  canal.  It  is  to  be  noted  that  even  extensive 
wounds  of  the  mouth  do  not  commonly  take  on  a  septic  character, 
as  if  the  rich  epithelium  had  the  power  of  neutralizing  influences 
of  that  sort. 

I.  —MALFORMATIONS  AND  RETROGRADE  CHANGES. 

Malformations  of  the  mouth  are  represented  by  Cleft-palate  and 

Hare-lip,  which  have  been  already  referred  to  at  p.  52. 

Atrophy  of  the  tongue  is  a  regular  result  of  bulbar  paralysis  when 
the  nucleus  of  the  hypoglossus  has  been  involved,  as  is  usually  the 
case.  Hemiatrophy  is  a  much  more  rare  lesion.  It  occurs  for  the 
most  part  in  consequence  of  interference  with  the  hypoglossal  nerve 
in  its  course  by  wounds,  tumours,  disease  of  bone,  etc.  It  has  also 
been  observed  in  cases  of  locomotor  ataxia  in  which  there  may  be 
a  lesion  of  the  nucleus  of  the  hypoglossal  nerve. 

Amyloid  degeneration  is  a  rare  affection  of  the  tongue,  but  it  has 
been  observed  in  the  form  of  nodular  masses  or  more  diffusely.  The 
muscular  and  glandular  tissue  undergo  atrophy  in  the  affected  regions. 
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Literatura. — Err,  (with  literature)  Deutsch.  Arch.  f.  klin.  Med.,  xxxvii.,  1885; 
Raymond  et  Abtand,  (atrophy  in  tabes)  Arch,  de  Physiol,  norm,  et  path.,  1884. 

II. — INFLAMMATIONS  OF  THE  MOUTH.  STOMATITIS. 

1.  Catarrh. — If  we  leave  out  of  view  the  catarrhs  of  the  fauces  and 
pharynx,  which  we  consider  afterwards,  Simple  catarrh  of  the  mouth 
is  exceedingly  rare  as  a  primary  disease.  It  is  not  infrequent, 
however,  as  a  secondary  affection,  arising  from  the  irritation  of 
•carious  teeth,  from  the  use  of  mercury,  the  presence  of  ulcers,  etc. 
It  is  also  of  frequent  occurrence  in  the  acute  fevers,  especially  typhus, 
scarlet  fever,  small-pox,  and  measles.  In  these  fevers  there  is  also 
a  catarrh  of  the  stomach,  and  the  inflammation  in  both  seems  due 
to  the  action  of  the  morbid  poison  in  the  blood. 

The  mucous  membrane  is  swollen  and  red  and  there  is  greatly 
increased  desquamation  of  the  epithelium,  especially  inside  the 
checks  and  on  the  tongue.  The  desquamated  epithelium  is  mixed 
with  leucocytes,  serous  exudation,  and  mucus  in  varying  proportions, 
and  on  that  account  it  has  varying  characters.  On  the  tongue 
there  is  usually  much  epithelium  which  lies  on  the  surface,  and  so 
a  tolerably  thick  layer  is  formed  mostly  of  a  whitish  or  yellowish 
colour — Furred  tongue.  On  the  cheeks  and  gums  there  is  more 
fluid  and  less  epithelium.  In  the  midst  of  the  epithelium  and 
leucocytes  bacteria  and  leptothrix  and  fungus  threads  are  to  be 
found,  indeed,  the  thick  deposit  on  the  furred  tongue  is  largely 
composed  of  microbes  of  many  kinds.  If  the  patient  is  feverish  and 
lies  with  the  mouth  open,  the  catarrhal  products  dry-in  and  form  a 
dirty  brownish  coating  of  the  tongue  and  gums  which  goes  under  the 
name  of  Sordes. 

Sometimes  the  inflammation  centres  especially  around  the  mucous 
glands,  and  they  may  form  prominent  nodules  or  vesicles.  To  this 
form  the  name  Follicular  stomatitis  has  been  given  j  it  is  frequently 
•seen  in  children  during  dentition  or  after  measles,  and  is  often 
associated  with  catarrh  of  the  stomach  or  intestine.  The  vesicles  or 
-small  prominences  frequently  burst  and  leave  multiple  small  ulcers 
covered  by  a  dirty  exudation. 

Catarrh  of  the  mouth  rarely  assumes  a  phlegmonous  character,  in 
this  respect  contrasting  with  inflammation  of  the  fauces. 

2.  Thrush,  or  Aphthous  stomatitis  (The  Soor  of  the  Germans). — This 
ihas  already  been  mentioned  as  connected  with  the  presence  of  a  fungus. 
It  occurs  chiefly  in  the  mouths  of  young  unhealthy  children,  but  is 
also  occasionally  seen  in  emaciated  adults,  as  in  diabetes.  The  normal 
secretion  of  the  mouth  is  alkaline,  but  in  this  disease  it  becomes 
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acid,  which  may  perhaps  be  the  reason  that  the  fungus  develops. 
The  mucous  membrane  is  found  beset  with  small  white  spots,  which 
look  like  little  bits  of  white  curd  on  the  surface.  These  patches 
are,  however,  adherent,  and  on  removing  them  the  mucous  membrane 
beneath  will  be  found  red  and  bleeding.  The  white  patch  consists 
of  epithelium  united  into  a  membrane  by  the  fungus,  the  oidium 
albicans  (Fig.  167,  p.  363).  It  consists  of  branching  threads  com- 
posed of  elongated  cells  placed  end  to  end  and  sometimes  losing 
themselves  in  masses  of  spores.  The  aphthous  patches  frequently 
•extend  from  the  mouth  downwards  to  the  pharynx  and  oesophagus. 

3.  Special  forms  of  inflammation. — In  Small-pox,  besides  the 
general  catarrh  of  the  mouth  already  mentioned,  there  are  vesicles 
or  pustules  analogous  to  those  on  the  skin.  We  have  first  whitish 
patches  consisting  of  raised  and  desquamating  epithelium.  The 
epithelium  is  soon  discharged  and  superficial  ulcers  result.  In 
Scurvy  there  is  great  swelling  and  oedema  of  the  mucous  membrane 
of  the  gums  around  the  teeth.  The  gums  bleed,  and,  apparently 
as  a  consequence  of  this,  ulcers  form  at  the  edges  of  the  teeth 
and  may  extend  down  to  the  bone,  which  may  undergo  necrosis. 
Very  often  the  teeth  are  loosened.  As  a  consequence  of  the  use 
of  mercury  we  sometimes  have  a  considerable  stomatitis.  It  occurs 
after  the  medicinal  use  of  mercury  and  also  among  workmen  who 
make  use  of  it  in  their  occupations.  The  mucous  membrane  is  swollen, 
especially  that  of  the  gums  and  cheeks,  and  there  is  severe  salivation. 
Ulcers  frequently  form,  especially  on  the  internal  surface  of  the 
cheeks  and  lips,  and  on  the  edges  of  the  tongue.  They  may  be 
in  the  form  of  Hat  excoriations  or  deeper  ulcers  with  a  membranous 
covering. 

4.  Cancrum  oris,  or  Noma,  or  Gangrenous  stomatitis.— This 
•disease,  which  is  fortunately  a  rare  one,  occurs  in  badly  nourished 
children,  particularly  when  reduced  by  severe  illness  such  as  scarlet 
fever  or  measles.  It  presents  itself  first  as  a  diffuse  swelling  of  the 
cheek  which  is  seen  to  be  tense,  red,  and  glistening,  with  one  spot 
in  the  centre  usually  redder  than  the  rest.  On  examining  the 
inside  of  the  mouth  there  is  already  an  excavated  ulcer  opposite  the 
red  spot  on  the  cheek,  and  the  gums  opposite  may  also  be  ulcerated. 
As  the  disease  progresses  more  and  more  of  the  mucous  membrane 
of  the  mouth  is  ulcerated  away.  At  the  same  time  the  red  spot 
on  the  cheek  gets  black  in  the  centre,  and  afterwards  extends  in 
area.  By  and  by  a  slough,  which  varies  in  size,  separates  and  a 
communication  forms  through  the  cheek  with  the  inside  of  the  mouth. 
If  the  patient  survive,  still  further  destruction  occurs,  the  necrosis 
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passing  on  to  the  surrounding  skin  of  the  face,  even  to  the  ear  and 
eyelids.  There  may  be  necrosis  of  the  jaws.  Not  infrequently  this 
disease  is  associated  with  a  gangrenous  pneumonia  and  there  are 
general  symptoms  of  septic  poisoning. 

The  disease  advances  by  a  progressive  necrosis,  so  that  in  a 
section  through  the  advancing  edge  there  is  in  the  parts  already 
necrosed  an  absence  of  nuclear  differentiation.  This  is  bounded  by 
a  highly  cellular  area  evidently  from  inflammation.  It  is  apparent 
that  the  morbific  agent  in  its  advance  produces  necrosis,  almost 
directly,  but  leads  also  to  inflammation,  which  is  not  very  great, 
in  front  of  its  advance. 

The  author  found,  in  addition  to  the  usual  microbes  of  decom- 
position at  the  sloughing  surface,  a  very  remarkable  growth  of  a 
bacillus  into  the  necrosed,  but  otherwise  unaltered  tissue.  The 
microbe  was  in  the  form  of  long  threads,  occasionally  with  evident 
spores,  and  it  extended  in  large  numbers  to  the  very  edge  of  the 
necrosis,  and  to  a  very  slight  extent  beyond  it  into  the  inflamed 
part.  The  bacillus  was  apparently  anaerobic,  growing  into  the 
tissue  away  from  the  surface.  It  was  readily  stained  by  Gram's 
method,  but  not  by  ordinary  watery  solutions. 

5.  Inflammation  of  the  tongue  deserves  a  brief  special  notice. 
We  have  seen  that  the  tongue  takes  part  in  most  of  the  inflammations 
of  the  mucous  membrane,  but  sometimes  it  becomes  the  seat  of  a 
special  inflammation  of  its  substance,  a  true  Glossitis.  This  may 
occur  as  a  result  of  wounds  or  irritations  from  without,  or  in  the 
course  of  such  diseases  as  erysipelas  and  small-pox.  The  tongue 
swells  greatly  in  consequence  of  the  inflammatory  infiltration  of  the 
interstitial  connective  tissue,  and  this  sometimes,  though  rarely^ 
goes  on  to  the  formation  of  abscesses.  The  muscular  fibres  are 
swollen,  pale  and  brittle.  Usually  the  inflammation  ends  in  resolu- 
tion, but  sometimes  it  becomes  chronic,  and  there  may  be  great 
increase  of  connective  tissue  with  permanent  induration  of  the 
tongue. 

6.  Leucoplacia  (Leucoma,  Psoriasis,  Tylosis,  Keratosis). — A  not 
infrequent  result  of  chronic  glossitis  is  the  occurrence  of  bluish-white 
or  pearly  patches  or  plaques  on  the  surface  of  the  tongue.  As  a  rule 
they  are  smooth,  but  sometimes  their  surface  is  warty  (Ichthyosis  lin- 
gua'). Referred  generally  to  some  irritating  cause,  they  are  frequently 
seen  in  smokers,  but  doubtless  some  are  more  predisposed  than  others. 
The  papillae  in  the  patches  are  almost  if  not  quite  obliterated,  the 
epithelium  is  considerably  altered,  and  there  is  an  infiltration  of  round 
cells  in  the  underlying  tissues.    The  chief  interest  of  this  condition 
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lies  in  the  fact  that  very  frequently  epithelioma  develops  in  a  tongue 
so  affected. 

III.  — INFECTIVE  TUMOURS  AND  TUMOURS  PROPER 
OF  THE  MOUTH. 

Syphilis. — We  have  various  syphilitic  lesions  in  the  mouth,  from 
slight  inflammation  to  deep  ulceration. 

It  is  not  uncommon  to  meet  with  a  Primary  chancre  on  the  lips. 
In  that  case  there  is  a  prominent  tumour  which  has,  in  more  than 
one  case,  been  taken  for  an  epithelioma.  On  microscopic  examination 
the  tumour  is  found  to  consist  of  immense  aggregations  of  round 
cells  which  may  be  altogether  beneath  the  epithelium  (see  Fig.  78, 
p.  214,  which  is  from  a  chancre  of  the  lip  excised  under  the  belief 
that  it  was  an  epithelioma). 

The  Catarrh  which  accompanies  the  Secondary  stage  is  often 
very  slight,  but  it  may  be  accompanied  by  superficial  ulceration  of 
considerable  extent.  Mucous  patches,  Flat  condylomata,  or  Warts, 
are  particularly  frequent  in  the  mouth,  and  they  often  break  down 
and  form  superficial  ulcers,  especially  on  the  lower  lip  and  at  the 
angle  of  the  mouth. 

The  deeper  ulcers  arise  in  connection  with  Gummata,  which  form 
in  the  substance  of  the  mucous  membrane,  and  may  lead  to  very 
serious  loss  of  substance.  If  healing  occurs  a  cicatrix  forms,  but 
cicatrices  sometimes  occur  without  ulceration  having  taken  place, 
the  gumma  itself  giving  place  to  a  cicatrix.  The  gummata  not 
infrequently  have  their  seat  deep  in  the  substance  of  the  tongue, 
and  the  resulting  cicatrices,  with  or  without  ulceration,  may  produce 
very  marked  deformity  of  this  organ. 

Tuberculosis  is  uncommon  in  the  mouth.  It  may  extend  from 
the  skin  in  Lupus,  and  in  that  case  sometimes  produces  considerable 
Ulceration.  Tuberculosis  of  the  tongue  occurs  chiefly  in  connection 
with  that  of  the  epiglottis  or  tonsils.  There  may  be  a  somewhat 
deep-seated  infiltration,  so  that  tubercles  are  present  even  amongst 
the  muscles,  and  interstitial  inflammation  causes  induration  of  the 
tongue.  Ulceration  almost  invariably  occurs.  There  may  also  be 
considerable  caseous  masses  in  the  substance  of  the  tongue. 

Leprosy  also  frequently  affects  the  mucous  membrane  of  the  mouth, 
and  Glanders  occasionally  manifests  itself  here. 

Tumours  proper. — These  are  of  somewhat  frequent  occurrence  and 
considerable  variety.  We  meet  rarely  with  fibromas,  lipomas,  and 
enchondromas.  Rather  more  common  are  Glandular  tumours  of  the 
lips.    These  take  origin  in  the  mucous  glands  of  the  lips,  and  f're- 
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quently  become  converted  into  mucous  or  colloid  Cysts.  They  form 
prominent  rounded  tumours,  sometimes  as  large  as  a  hazel  nut,  and 
are  readily  enucleated. 

Warts  occur  on  the  lips,  especially  at  the  edges.  In  that  situation 
they  ar£  mostly  hard,  while  those  on  the  proper  mucous  membrane 
are  soft.  Not  infrequently  the  wart  ulcerates,  and,  it  is  said,  may 
give  origin  to  a  cancerous  tumour.  AVarty  outgrowths  also  occur 
on  the  tongue.  The  papillse  of  the  tongue  sometimes  undergo  great 
elongation,  especially  their  epithelial  layers,  and  we  may  have  a 
condition  as  of  hairs  on  the  tongue,  often  associated  with  "  Black 
1  oague. 

The  Angioma  is  met  with  chiefly  on  the  lips,  usually  in  the  form  of 
the  congenital  nsevus.  It  occurs  either  as  the  cavernous  or  capillary 
angioma,  and  forms  flat  elevations  or  rounded  prominent  tumours. 
It  occasionally  occurs  on  the  tongue. 

The  Lymphangioma  is  a  cavernous  lymphatic  tumour,  which  occurs 
chiefly  in  the  tongue,  and  in  some  cases  contributes  to  the  formation 
of  macroglossia.  The  whole  tongue  may  be  permeated  with  dilated 
lymphatic  vessels. 

Macroglossia  is  a  condition  in  which  the  tongue  is  greatly  increased 
in  bulk,  the  enlargement  being  nearly  always  congenital.  It  is  fre- 
quent in  cretins.  Even  at  birth  the  tongue  may  be  too  large  for 
the  mouth  and  project  beyond  the  lips.  Afterwards  it  may  increase 
still  more,  and,  as  the  child  grows,  it  may  displace  the  alveolar 
processes  considerably.  For  the  most  part  there  is  no  hypertrophy 
here  except  of  the  interstitial  connective  tissue,  but  evidences  of  new- 
formation  of  muscular  tissue  have  been  observed.  As  a  rule,  the 
lymph  spaces  of  the  hypertrophied  connective  tissue  are  greatly 
enlarged,  and  there  is  even  a  formation  of  cavernous  tissue,  the 
spaces  of  which  are  filled  with  lymph.  In  this  way  we  may  speak 
of  lymphangioma  cavernosum  as  taking  part  in  the  condition.  It 
will  be  observed  that  the  condition  here  somewhat  resembles  that 
in  elephantiasis,  there  being  in  both  cases  a  great  new-formation  of 
succulent  connective  tissue  with  wide  lymph  spaces.  The  resemblance 
is  further  indicated  in  the  fact  that  the  lips  frequently  hypertrophy 
as  well  (Macrochelia). 

Sarcomas  rarely  develop  in  the  mouth  itself,  although  they  have 
been  met  with  in  the  tongue. 

On  the  other  hand,  it  is  not  uncommon  to  find  a  Myeloid  sarcoma 
of  the  jaws,  growing  from  the  periosteum  and  projecting  into  the 
mouth.  This  forms  the  majority  of  the  tumours  called  Epulis.  This 
name  is  given  generally  to  tumours  which  arise  from  the  alveolar 
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processes  of  the  jaws.  They  are  mostly  composed  of  spindle-cells, 
but  nearly  always  contain  Giant-cells,  and  sometimes  these  are  in 
large  numbers.  Osseous  trabecular  frequently  pass  into  them  from 
the  bone.  As  these  tumours  grow  they  push  the  mucous  membrane 
of  the  gums  before  them  and  so  form  red  prominences  of  a  rounded 
form,  behind,  in  front  of,  or  between  the  teeth.  They  are  generally 
of  dense  consistence.  The  teeth  are  often  considerably  displaced 
by  them  as  they  grow,  especially  when  they  assume  large  dimensions, 
as  sometimes  happens. 

Cancers  of  the  mouth  are  nearly  all  Flat-celled  epitheliomas. 
They  are  of  very  frequent  occurrence  on  the  lower  lip  and  are  also 
common  in  the  tongue. 

Epithelioma  of  the  lip  is  almost  confined  to  the  male  sex.  This  is 
frequently  ascribed  to  the  fact  that  in  men  the  lips  are  more  frequently 
exposed  to  irritation  by  smoking  short  pipes  and  in  shaving.  The 
tumour  which  has  almost  always  its  seat  on  the  lower  lip,  is  in  the 
form  of  a  superficial  infiltration  which  soon  goes  on  to  ulceration. 
There  may  thus  be  great  destruction  of  the  lip  structures.  The 
structure  is  that  of  the  typical  epithelioma,  of  which  this  is  the 
most  frequent  seat. 

In  the  tongue  the  epithelioma  usually  forms  at  the  edge,  and  it  is 
often  said  that  the  irritation  of  the  sharp  edge  of  a  carious  tooth 
has  been  the  starting  point.  There  is  here  also  usually  a  superficial 
ulcer,  but  the  tumour  generally  penetrates  deeply  into  the  substance 
of  the  tongue.  There  may  also  be  considerable  irritation  of  the 
tongue  and  new-formation  of  connective  tissue  so  that  the  structure 
may  resemble  that  of  a  scirrhus.  As  the  epithelium  of  the  tongue 
does  not  become  horny,  we  scarcely  have  the  typical  laminated 
capsules  of  the  ordinary  flat-celled  epithelioma. 

Secondary  epitheliomatous  formations  are  liable  to  occur  in  the 
submaxillary  lymphatic  glands,  and  may  extend  to  the  glands  of 
the  neck. 

Ranula  is  a  name  applied  to  cysts  which  form  beneath  the  tongue. 
These  mostly  arise  as  retention-cysts  from  closure  of  Wharton's  duct 
(duct  of  the  submaxillary  gland),  or  the  duct  of  the  sublingual 
gland,  but  they  may  take  origin  in  the  mucous  glands.  Before  the 
occurrence  of  the  cyst  there  is  usually  some  inflammation  of  the 
floor  of  the  mouth  very  often  connected  with  affections  of  the  teeth. 
According  to  the  observations  of  Recklinghausen  referred  to  at  pp. 
279-80,  the  cyst  arises  by  dilatation  of  the  duct,  while  the  gland 
structure  persists  and  furnishes  the  material  by  whose  accumulation 
the  cyst  forms  (see  Fig.  118,  p.  280). 
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Literature. — Bohn,  Mundkr.  der  Kinder,  1880,  and  in  Gerhard's  Handb.  d. 
Kinderkr.,  iv. ;  Hiksch,  (Noma)  Hist,  and  geogr.  path.  (Syd.  Soc.  transl.),  iii., 
272;  West,  Dis.  of  infancy  and  childhood,  7th  ed.,  1884;  Bruns,  Handb.  d.  oper. 
Chirurg.,  1859  ;  Kehkek,  Soorpilz,  1883  ;  Plaut,  Soorpilz,  1885;  Grawitz,  Virch. 
Arch.,  lxx.,  lxxiii.;  Nedopil,  (leucoplacia,  with  literature)  Arch.  f.  Klin.  Chir.,  1877, 
Band,  xx.,  p.  324;  Schwimmer,  Vierteljahrschrift  f.  Derm.  u.  Syph.,  1877,  p.  511; 
Hulke  (Ichthyosis),  Trans.  Clin.  Soc.  Lond.,  vol.  ii.,  p,  1 ;  Butlin,  Diseases  of  the 
Tongue,  1885;  Lang,  Path.  u.  Therap.  d.  Syph.,  1885;  Hutchinson,  Syphilis,  1887; 
Hansemann,  (Tuberculosis)  Virch.  Arch.,  ciii.  ;  Schliferowitsch,  (with  literature) 
Deut.  Zeitschrift  f.  Chirurgie,  1887,  B.  26,  s.  527;  Virchow,  (Macroglossia)  Geseh- 
wiilste,  ii.;  Arnstein,  Virch.  Arch.,  liv.,  1872;  Billroth,  Path.  Hist.,  1858; 
Kkcklinghausen,  Virch.  Arch.,  lxxxiv.,  v.,  1881  ;  Ziegler,  (Amyloid  dis.  of  tongue) 
Virch.  Arch.,  lxv.,  1H75. 

IV.— AFFECTIONS  OF  THE  TEETH. 

The  hard  part  of  the  tooth  consists  of  enamel,  dentine,  and  cement. 
The  Enamel,  containing  very  little  organic  matter  (only  about  2  or  3 
per  cent.),  is  for  the  most  part  passive,  and  presents  great  mechanical 
resistance  to  destructive  processes.  In  its  original  formation  it  is  a 
superadded  structure,  derived  from  the  epithelium  of  the  surface.  The 
Dentine,  consisting  of  tubules  with  a  hard  matrix,  possesses  a  much 
larger  proportion  of  organic  matter  (28  per  cent.),  and  is  much  more 
directly  involved  in  morbid  processes.  The  Cement,  which  covers 
those  parts  of  the  tooth  which  are  devoid  of  enamel,  consists  of  true 
bone,  and  is  liable  to  changes  of  a  similar  nature  to  those  of  bone. 

Turning  to  the  soft  parts,  the  Pulp  fills  the  cavity  of  the  tooth, 
which  cavity  has  in  general  the  shape  of  the  tooth.  The  pulp  is  a 
highly  vascular  tissue,  and  richly  supplied  with  nerves  whose  filaments 
pass  in  part  into  the  dentinal  tubules.  The  pulp  is  so  sensitive 
that  in  popular  language  it  is  called  "the  nerve."  In  the  original 
formation  of  the  tooth  the  dentine  is  produced  by  the  structure 
which  is  afterwards  represented  by  the  pulp,  and  through  life  the 
latter  retains  to  a  considerable  extent  its  formative  power. 

The  tooth  is  fitted  accurately  into  the  alveolus  by  means  of  the 
cement  on  the  one  hand  and  the  Dental  periosteum  or  periodontal 
membrane  on  the  other.  This  membrane,  lying  between  the  cement 
and  the  bone  of  the  jaw,  forms  a  kind  of  double  periosteum,  and  is, 
from  its  position,  very  liable  to  the  action  of  mechanical  forces,  being- 
placed  between  two  rigid  structures,  one  of  which  (the  tooth)  is 
peculiarly  exposed  to  mechanical  interference.  It  is  continuous  at 
the  apex  of  the  root  with  the  pulp,  and  at  the  neck  with  the  mucous 
membrane  of  the  gums  on  the  one  hand  and  the  periosteum  of  the 
jaw  on  the  other. 

1.  Caries. — This  name  is  applied  to  a  condition  which  is  not 
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analogous  to  caries  of  bone,  except  in  so  far  as  in  both  there  is 
destruction  of  the  dense  calcified  structure.  Caries  of  bone  is  related 
to  inflammatory  processes,  but  caries  of  the  teeth  has  no  such  origin. 
It  consists  of  a  softening,  usually  progressive,  of  the  enamel  and  dentine 
and  their  subsequent  disintegration.  The  process  appears  to  begin 
very  commonly  in  places  where  the  enamel  shows  normally  rather 
deep  furrows,  and  is  therefore  thinner  and  more  easily  destroyed  than 
elsewhere.  When  the  caries  reaches  the  dentine  it  advances  more 
freely,  so  that  the  enamel  may  to  some  extent  be  undermined.  The 
lime  salts  are  first  absorbed,  and  then  the  organic 
basis  is  broken  down.  The  caries  advances  in  the 
direction  of  the  dentinal  tubules,  as  shown  in  Fig. 
399. 

Various  views  have  been  held  as  to  the  nature  of 
the  process.  At  one  time  it  was  regarded  as  inflam- 
matory, but  this  view  may  be  set  aside,  chiefly  on 
the  ground  that  a  process  exact!}7  similar  occurs  in 
teeth  which  have  been  drawn  and  re-inserted,  as  well 
as  in  artificial  teeth  made  of  the  ivory  of  the  hippo- 
potamus. The  caries  consists,  in  fact,  of  a  gradual 
solution  of  the  lime  salts,  and  for  this  solution  we 
must  infer  the  existence  of  an  acid.  The  secretion 
of  the  mouth  is  naturally  alkaline,  but  in  carious 
teeth  an  acid  reaction  has  been  detected.  The  acidity 
is  often  connected  with  derangements  of  the  stomach, 
but  it  may  have  a  more  local  origin,  as  when  the 
secretion  of  the  gums  is  abnormal,  or  perhaps  when 
food  is  undergoing  acid  fermentation  in  contact  with 
the  teeth.  It  may  be  that  before  the  teeth  yield  to 
an  undue  acidity  they  have  already  an  abnormally 
weak  power  of  resistance,  and  this  may  be  related 
to  personal  peculiarities,  inherited  or  otherwise. 

At  the  advancing  margin  of  the  caries  a  widening 
of  the  dentinal  tubes  is  visible,  and  in  these  widened 
tubes,  as  well  as  in  the  carious  cavity,  bacteria  and 
Leptothrix  threads  are  to  be  found.    By  some  the  process  has  been 
ascribed  to  the  action  of  these  organisms,  especially  by  Klebs. 

2.  Inflammation  frequently  follows  on  caries,  and  the  pulp  is 
usually  involved.  It  is  almost  certainly  attacked  if  the  caries  causes 
penetration  into  the  pulp,  but  before  this  takes  place  there  is  fre- 
quently some  inflammation  which  expresses  itself  in  a  new  formation 
of  Secondary  dentine  inside  the  tooth  around  the  point  to  which 


Fig.  309.— Section 
<>f  tooth  with  caries. 
There  are  two  cavi- 
ties, one  on  each 
side,  and  in  the  pulp 
cavity  a  new-forma- 
tion of  secondary 
dentine.  The  secon- 
dary dentine  is  not 
exacthy  on  the  same 
level  as  the  cavities, 
hut  at  the  extremi- 
ties of  the  dentinal 
tubules  leadingfrom 
these.  (After  Sal- 
ter.) 
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the  caries  is  advancing  (see  Fig.  399).  In  this  way  the  carious 
cavity  may  be  shut  oft'  from  the  cavity  of  the  pulp,  and  so  a  more 
serious  inflammation  warded  off.  Very  frequently,  however,  a  more 
acute  inflammation  of  the  pulp  occurs,  with  redness,  swelling,  great 
pain,  not  infrequently  also  with  complete  necrosis  of  the  pulp,  andr 
in  consequence,  of  the  whole  tooth. 

The  inflammation  often  extends  to  structures  around  the  tooth. 
The  root-membrane  or  dental  periosteum,  which  covers  the  root  por- 
tion of  the  tooth,  is  the  structure  most  directly  attacked.  This 
membrane  is,  as  we  have  seen,  intimately  connected,  towards  the 
neck  of  the  tooth,  with  the  submucous  tissue  of  the  gums  and  the 
periosteum  of  the  alveolar  process  of  the  jaw.  Inflammations  of 
these  structures,  especially  of  the  gums,  very  frequently  ensue,  result- 
in-  in  the  well-known  Gum-boil,  which  often  goes  on  to  suppuration 
and  abscess,  forming  the  so-called  Parulis.  The  abscess  usually  bursts 
into  the  mouth,  but  it  may  produce  extensive  swelling  of  the  gum, 
and  lead  even  to  penetration  outwards,  resulting  in  a  fistulous  opening 
in  the  skin. 

The  result  may  be  even  more  serious  if  the  periosteum  of  the  jaw 
becomes  inflamed,  resulting,  it  may  be,  in  suppuration  which  is  apt 
to  be  chronic.  With  the  periostitis  there  is  usually  new-formation 
of  bone,  causing  thickening  of  the  jaw. 

Inflammations  of  the  root-membrane  and  periosteum  of  the  jaw 
sometimes  occur  apart  from  caries,  as  a  result,  for  instance,  of 
poisoning  with  phosphorus  or  mercury,  and  in  scurvy.  In  that  case 
the  inflammation  is  not  limited  to  the  neighbourhood  of  one  tooth, 
but  extends  probably  to  a  series. 

3.  Conditions  resulting  from  hereditary  syphilis. — In  children 
who  are  the  subjects  of  hereditary  syphilis,  the  teeth  show  malforma- 
tions first  pointed  out  by  Hutchinson.  The  teeth  are  narrow  and 
pointed  :  the  most  obvious  lesion  being  in  the  permanent  front 
teeth  of  the  upper  jaw.  The  upper  incisors  are  narrowed  instead 
of  being  expanded  towards  the  cutting  edge,  and  the  central  ones 
have  generally  a  crescentic  notch  which  is  very  characteristic.  This 
condition  of  the  teeth  is  frequently  associated  with  interstitial  in- 
flammation of  the  cornea,  and  is  ascribed  by  Hutchinson  to  a  syphi- 
litic inflammation  of  the  gums  during  the  formation  of  the  teeth. 

4.  Tumours  connected  with  the  teeth. — The  cement,  which,  it 
must  be  remembered,  is  composed  of  bony  tissue,  sometimes  under- 
goes a  hypertrophy  to  which  the  name  Exostosis  or  Osteoma  is 
often  given.  This  is  scarcely  a  true  bony  tumour,  but  originates 
rather  in  a  chronic  inflammation  of  the  cement,  leading  to  a  consider- 
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able  new-formation  of  bony  tissue.  In  this  way  are  formed  prominent 
tuberous  outgrowths  from  the  roots  of  the  teeth,  which  may  be 
localized  to  one  part  of  the  fang,  or  cover  a  considerable  portion  of 
it,  or  even  the  whole  root  portion  of  the  tooth.  In  the  latter  case 
it  is  as  if  the  root  Mrere  enlarged  by  rough  accretions  on  its  surface. 
These  so-called  exostoses  sometimes  offer  serious  resistance  to  the 
extraction  of  the  teeth. 

Another  form  of  tumour  connected  with  the  teeth  is  that  which 
Yin  how  has  called  the  Odontoma.  This  tumour  arises  in  connection 
with  teeth  retained  in  the  alveoli  by  faulty  development.  The 
tumours  are  composed  of  dentine  and  enamel,  and  are  of  small  size 
and  rare  occurrence. 

Cysts  of  the  jaws  have  already  been  referred  to  (p.  572)  as 
usually  taking  origin  in  connection  with  the  teeth  or  their  rudiments, 
and  Cancers  have  occasionally  a  similar  origin  (p.  574). 

Literature. — Smax,e  and  Golteb,  Diseases  and  injuries  of  the  teeth,  1893;  Lebeu 
u.  Rottenstein,  Unters.  iiber  d.  Caries  d.  Ziihne,  1807  ;  Wbdl,  Path.  d.  Ziihne, 
1870,  transl.,  1873;  Klebs,  Arch.  f.  exper.  Path.,  v.  ;  Tomes,  Syst.  of  dental  surg., 
1877;  Miller,  Die  Mikro-organismen  der  Mundhohle,  1892;  Salter,  in  Holmes' 
Surg.,  v.,  1883 ;  Eve,  (Cysts  of  jaws,  with  literature)  Brit.  Med.  Jour.,  1883,  i.  ; 
Malassez,  Arch,  de  Phys. ,  v.,  1885;  Hutchinson  (syphilitic  teeth),  Syphilis,  1887; 
Sutton,  (odontoma)  Tumours  innocent  and  malignant,  1893.  p.  31. 

B. — The  Soft  Palate,  Pharynx,  and  Tonsils. 

Introduction. — The  mucous  membrane  here  differs  from  that  of 
the  mouth  proper,  chiefly  in  respect  that  in  addition  to  the  ordinary 
mucous  -lands  there  are  numerous  Lymphatic  follicles.  The  dis- 
tinction between  these  two  is  not  always  correctly  appreciated.  The 
mucous  glands  are  racemose  glands  with  proper  ducts,  opening  on 
the  surface  of  the  mucous  membrane.  The  follicular  glands,  as  they 
are  often  called  in  rather  a  confusing  way,  are  strictly  comparable 
with  the  closed  follicles  of  the  intestine.  In  the  pharynx,  soft  palate, 
and  root  of  the  tongue  they  occur  in  the  form  of  isolated  rounded 
masses  of  lymphatic  tissue,  like  the  solitary  follicles  of  the  intestine. 
In  the  tonsils  we  have  aggregations  of  these  follicles  not  unlike 
Peyer's  patches.  Their  prominence  in  the  tonsils  causes  the  mucous 
membrane  to  be  thrown  into  folds,  and  so  we  have  comparatively 
deep  recesses,  which  are  sometimes  called  Crypts,  and  in  which 
secretions  may  accumulate,  especially  if  their  depth  is  exaggerated 
by  diseased  conditions. 

From  their  exposed  position  these  parts  are  peculiarly  prone  to 
irritation  from  agents  coming  to  them  from  without.  The  mucous 
membrane  of  the  mouth  seems  peculiarly  resistant  to  external  irri- 
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tations,  but  here,  where  there  is  the  transition,  as  it  were,  from  the 
mucous  membrane  exposed  to  external  influences  to  that  protected 
from  them,  these  inflammatory  manifestations  occur  with  peculiar 
frequency.  Almost  all  the  diseases  we  have  to  treat  of  here  are 
forms  of  inflammation,  and  it  is  usual  to  describe  these  under  the 
general  designation  of  Angina. 

1.  Malformations. — The  fistula  colli  congenita  (see  p.  53)  com- 
monly opens  into  the  pharynx,  unless  it  be  a  blind  external  canal. 
Sometimes  there  is  an  internal  fistula,  which  is  incomplete  externally. 
Sometimes  also  there  is  a  cyst  having  this  origin. 

2.  Catarrhal  angina. — In  its  acute  form  this  constitutes  the  most 
ordinary  sore  throat,  and  occurs  either  from  "cold"  especially  at 
seasons  of  the  year  when  sudden  changes  of  temperature  are  prevalent, 
or  as  a  local  symptom  of  a  general  disease  such  as  measles,  scarlet 
fever,  small-pox.  It  may  be  said  regarding  scarlet  fever,  small-pox, 
and  diphtheria  that  the  throat  affection  in  them  begins  with  an  acute 
catarrh,  but  that,  especially  in  scarlet  fever  and  diphtheria,  it  nearly 
always  goes  on  to  phlegmonous  inflammation.  In  the  simple  acute 
catarrh  there  is  redness  and  swelling  of  the  mucous  membrane  with 
a  mucous  exudation  which  covers  the  surface  and  may  have  a  tough 
consistence.    Sometimes  vesicles  form  on  the  mucous  membrane. 

Chronic  catarrh  very  frequently  follows  on  the  acute  form, 
especially  when  there  have  been  repeated  attacks.  The  conditions 
are  somewhat  different  in  different  cases,  and  rather  complicated 
classifications  have  been  introduced.  As  in  other  chronic  inflamma- 
tions there  is  here,  for  the  most  part,  thickening  of  the  mucous  mem- 
brane, but  in  some  cases  the  mucous  membrane  is  indurated  and 
atrophied.  There  may  be  a  general  hypertrophy  of  the  superficial 
layers  of  the  mucous  membrane,  and,  as  the  blood-vessels  remain 
congested,  it  is  a  rather  succulent  swelling.  This  constitutes  what 
is  called  the  Relaxed  throat.  The  appearances  are  most  pronounced 
in  the  case  of  the  uvula,  which  becomes  elongated,  sometimes  to  a 
very  marked  extent.  At  other  times  the  swelling  is  not  so  uniform, 
but  with  some  general  thickening  there  is  an  occasional  localized 
prominence  causing  the  mucous  membrane  to  assume  a  granular 
appearance,  hence  the  term  Granular  pharyngitis.  This  form  occurs 
mostly  among  clergymen,  singers,  actors,  and  others  whose  occupa- 
tion requires  them  to  use  their  voices  for  prolonged  periods  with 
a  loud  tone. 

3.  Acute  phlegmonous  inflammation  of  the  fauces. — This  frequently 
results  in  the  formation  of  Abscesses.  It  is  a  condition  of  somewhat 
common  occurrence.    There  is  not  merely  a  surface  catarrh,  but  the 
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mucous  membrane  and  submucous  tissue  are  involved  in  an  acute 
inflammation  of  a  very  intense  kind  which  usually  goes  on  to 
suppuration.  The  disease  very  commonly  begins  on  one  side  and 
frequently  involves  the  tonsil,  sometimes  extending  thence  to  the 
posterior  wall  of  the  pharynx.  The  swelling  and  redness  are  very 
great  from  hyperemia  and  oedema  of  the  whole  structures,  and  the 
patient  may  have  difficulty  in  opening  the  mouth.  If  it  goes  on  to 
suppuration  the  pus  often  collects  and  forms  an  abscess  which  bursts 
into  the  throat.  In  some  cases  the  acute  inflammation  extends  down- 
wards to  the  base  of  the  epiglottis  and  the  case  becomes  dangerous 
because  of  the  possible  supervention  of  oedema  glottidis.  It  should 
be  added  that  the  name  Quinsy  is  applied  to  this  disease  as  well 
as  to  a  more  local  inflammation  of  the  tonsils  alone. 

We  may  infer  that  in  this  disease  one  of  the  pyogenic  microbes  finds 
access  to  the  mucous  membrane.  It  sometimes  happens  that  the  in- 
flammation, after  attacking  one  side,  passes  round  and  involves  the 
other,  and  this  looks  like  an  irritant  which  propagates  itself. 

4.  Diphtheria. — The  changes  which  occur  in  this  disease  have  already 
been  referred  to  in  considering  its  manifestations  in  the  air  passages 
(see  p.  71G).  It  usually  begins  in  the  fauces  and  has  its  centre  there. 
There  is  in  the  fauces  a  fibrinous  exudation  usually  associated  with 
necrosis  of  the  mucous  membrane.  There  are  other  signs  of  inflam- 
mation, chiefly  the  presence  of  leucocytes  infiltrating  the  mucous 
membrane  and  passing  into  the  exudation.  As  a  rule,  there  is 
necrosis  of  the  mucous  membrane,  and  this  in  all  degrees  till  we  come 
to  the  so-called  gangrenous  form.  The  resulting  sloughs  frequently 
look  more  serious  than  they  are,  but  there  may  be  considerable  loss 
of  substance,  and  ulcers  of  some  depth  and  size  may  be  left. 

The  position  of  the  patches  of  exudation  is  very  various.  Sometimes 
they  are  mainly  on  the  tonsils,  sometimes  on  the  soft  palate  and  uvula. 
Extension  to  the  posterior  nares,  on  the  one  hand,  and  to  the  larynx, 
on  the  other,  is  very  frequent,  the  latter,  as  we  have  seen,  being 
particularly  common. 

5.  Acute  tonsillitis.  Quinsy. — This  inflammation  of  the  tonsils 
is,  as  we  have  seen,  occasionally  a  part  of  a  general  phlegmonous 
inflammation  of  the  fauces.  Occurring  more  independently  it  is 
accompanied  by  considerable  swelling,  consisting  of  an  inflammatory 
infiltration  of  the  lymphatic  follicles  of  the  tonsils.  Sometimes  it 
goes  on  to  suppuration,  but  rarely  does  so  when  the  tonsils  alone 
are  affected.  The  swelling  in  many  cases  does  not  fully  subside, 
and  gives  rise  to  a  more  or  less  permanent  enlargement  such  as  we 
have  next  to  consider. 
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6.  Chronic  tonsillitis.  Hypertrophy  of  the  tonsils. — Certain  per- 
sons, especially  in  childhood  or  youth,  are  prone  to  repeated  subacute 
inflammations  of  the  tonsils,  and  as  these  recur  the  tonsils  acquire  a 
permanent  enlargement.  This  consists  anatomically  in  a  true  hyper- 
trophy of  the  lymphatic  follicles,  although  there  is  sometimes  also 
an  increase  of  the  interstitial  connective  tissue.  The  tonsils  are 
rarely  much  indurated,  the  soft  lymphatic  tissue  existing  so  abundantly 
as  to  make  the  structure  as  a  whole  somewhat  soft.  The  enlargement 
is  very  variable,  there  being  sometimes  a  rapid  enlargement  followed 
by  a  rapid  subsidence. 

The  inflammation  sometimes  leaves  behind  deep  pits  and  recesses 
in  the  tonsils.  These  may  contain  semi- solid  plugs,  consisting  of 
the  secretions  of  the  mouth  mixed  with  particles  of  food,  microbes, 
iiiid  fungi.  These  sometimes  become  condensed  into  concretions 
(Calculi  in  tonsils).  The  contents  of  these  exaggerated  crypts,  by 
reason  of  their  decomposition,  often  irritate  the  tissue  around. 

The  hypertrophy  is  not  always  the  result  of  chronic  inflammation. 
There  are  cases  of  congenital  hypertrophy  of  the  tonsils,  and  there 
are  still  more  frequent  cases  of  a  gradual  enlargement  without  any 
apparent  attacks  of  inflammation.  In  this  way  the  tonsils  may  ac- 
quire very  large  dimensions,  reaching  the  size  of  a  hen's  egg  on  some 
occasions.    These  conditions  also  are  met  with  chiefly  in  children. 

In  children  it  is  common  to  have  an  enlargement  of  the  closed 
lymphatic  follicles  of  the  pharynx,  and  especially  of  the  naso- 
pharynx, having  similar  characters  to  the  enlargement  of  the  tonsils 
which  is  so  frequent  in  children.  To  this  condition  the  somewhat 
misleading  term  Adenoid  growths  is  given.  The  structure  is  that 
of  lymphatic  tissue,  and  the  condition  is  an  enlargement  from  chronic 
inflammation.  In  prolonged  cases  there  may  be  an  induration  of  the 
structures  from  connective-tissue  formation. 

7.  Syphilitic  disease  of  the  fauces. — Here,  as  in  the  mouth,  syphilis 
manifests  itself  in  multifarious  ways.  A  persistent  Catarrh  having 
the  ordinary  characters  of  subacute  simple  catarrh  is  very  common. 
Mucous  patches  or  Condylomata  are  tolerably  frequent,  especially  on 
the  pillars  of  the  fauces  and  on  the  soft  palate.  In  the  tertiary  stage, 
with  or  without  the  formation  of  gummata,  there  may  be  Ulceration 
of  the  mucous  membrane.  Not  infrequently  the  ulceration  extends 
very  deeply  and  causes  destruction  of  the  uvula  and  palate.  It  may 
extend  to  the  epiglottis  and  so  further.  It  is  frequently  accom- 
panied by  considerable  thickening  and  cicatricial  contraction,  so  that 
it  may  lead  to  great  deformity  and  sometimes  to  stenosis  of  the 
pharynx. 
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8.  Tubercular  ulcers.— These  are  of  rare  occurrence  here,  although 
so  common  in  the  larynx.  The  disease  is  associated  with  phthisis 
pulmonalis,  and  is  really  due  to  an  extension  upwards  of  tuber- 
cular ulceration  of  the  larynx.  It  occurs  in  the  form  of  superficial 
ulcers,  originally  of  a  circular  form. 

9.  The  Tumours  of  the  fauces  are  not  so  different  from  those  of 
the  mouth  as  to  call  for  special  remark,  and  they  are  altogether  of 
much  less  frequent  occurrence.  We  meet  with  papillary  excrescences, 
cysts,  sarcomas,  and  epitheliomas. 

C. — The  (Esophagus. 

The  diseases  of  this  part  of  the  alimentary  canal  are  important 
from  a  practical  point  of  view,  chiefly  because  of  the  natural  narrow- 
ness of  the  tube.  The  mucous  membrane  of  the  oesophagus  is  covered 
by  a  thick  layer  of  stratified  flat  epithelium,  and  the  mucous  glands 
are  comparatively  few. 

1.  Dilatation  of  the  oesophagus. — Of  this  somewhat  frequent  con- 
dition two  forms  may  be  distinguished. 

(a)  General  dilatation  of  the  tube  is  a  result  of  obstruction  at 
any  part  of  its  course.  The  obstruction  is  mostly  low  down  in  the 
oesophagus  and  may  be  even  at  the  cardiac  end  of  the  stomach. 
With  the  dilatation  in  these  cases  there  is  usually  considerable 
thickening  of  the  muscular  coat,  although  this  is  not  always  present. 
There  is  also  sometimes  a  general  dilatation  without  obstruction, 
probably  due  to  diminution  of  contractility  in  the  muscular  coat. 

(b)  Partial  dilatation  or  Diverticulum  occurs  in  two  principal 
forms,  according  as  the  force  causing  the  dilatation  is  pressure  from 
within  the  tube  or  traction  from  without. 

The  Pulsion  diverticulum  arising  by  pressure  from  within  may 
sometimes  owe  its  origin  to  a  slight  congenital  pouching  of  the 
tube.  This  may  be  due  to  an  imperfect  closure  of  the  communica- 
tion between  the  oesophagus  and  the  trachea  during  foetal  life.  If 
this  closure  be  delayed,  then  the  wall  of  the  oesophagus  may  remain 
bulged  out  in  front  and  from  this  beginning  a  larger  diverticulum 
may  arise. 

More  commonly,  however,  diverticula  form  on  the  posterior  wall 
and  usually  at  the  junction  of  pharynx  and  oesophagus.  It  is 
;  probable  that  for  the  most  part  this  form  originates  by  a  piece 
of  hard  food  lodging  in  a  fold  of  the  mucous  membrane,  and  being 
gradually  pushed  outwards,  carrying  the  wall  of  the  tube  with  it. 
As  the  sat-  enlarges,  it  hangs  downwards  with  its  mouth  presenting 
upwards,  and    so   it   is   always  ready  to  receive  the  food  in  its 
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passage  downwards.  It  is  probable  that  in  most  of  these  cases 
there  is,  to  begin  with,  a  separation  of  the  fibres  of  the  muscular  coat 
of  the  oesophagus  or  pharynx,  and  the  mucous  membrane  is  pushed, 
as  it  were,  through  the  muscular  coat,  which  is  thinnest  at  the 
junction  of  pharynx  and  oesophagus.  If  the  sac  is  of  any  con- 
siderable size  and  filled  with  food,  it  will  press  on  the  part  of  the 
oesophagus  situated  below  its  mouth,  and  of  itself  produce  an  obstruc- 
tion. In  this  way  the  food  is  prevented  passing  down  the  oesophagus 
and  goes  readily  into  the  sac.  We  have  therefore,  for  the  most  part, 
a  continually  increasing  enlargement  of  the  diverticulum  which  may 
reach  the  dimensions  of  a  child's  head  or  larger.  It  contains  the 
remains  of  the  decomposing  food  with  mucus,  sometimes  in  consider- 
able masses.  If  the  diverticulum  is  moderate  in  size  its  wall  may  still 
contain  some  muscular  fibre,  although  the  muscular  coat  is  mostly 
absent  except  just  at  the  neck. 

The  Traction  diverticulum  arises  by  cicatricial  contraction  of 
structures  adherent  to  the  wall  of  the  oesophagus.  The  contracting 
structure  is  mostly  a  lymphatic  gland  at  the  root  of  the  lung, 
which  has  been  affected  with  tuberculosis,  usually  in  connection  with 
phthisis  pulmonalis.  After  healing  of  the  tuberculosis,  the  gland  has 
undergone  cicatricial  contraction,  and  by  dragging  on  the  wall  of  the 
<esophagus  has  produced  a  funnel-shaped  pouch,  whose  apex  is  usually 
composed  of  cicatricial  tissue. 

This  form  of  diverticulum  is  peculiarly  prone  to  Perforation  at 
•the  apex  if  hard  food  impinges  on  it.  This  leads  to  acute  inflam- 
mation in  the  neighbourhood,  resulting  in  an  abscess-like  cavity, 
which  may  perforate  the  trachea  or  a  bronchus,  or  the  neighbouring- 
pleura  or  pericardium.  In  the  former  case  there  will  probably  be 
gangrene  of  the  lungs,  and  in  the  latter  acute  inflammation  of  the 
serous  membrane. 

2.  Obstruction  of  the  oesophagus — This  is  sometimes  Congenital. 
There  may  be  a  congenital  deficiency  in  the  middle  part  of  the 
tube,  a  fibrous  cord  representing  the  occluded  tube.  In  some  cases 
the  oesophagus  below  the  occlusion  opens  into  the  trachea.  Obstruc- 
tion also  arises  as  a  consequence  of  pressure  from  without,  by 
tumours,  aneurysms,  abscesses,  but  is  still  more  frequent  from  disease 
in  the  tube  itself.  Ulcers  of  various  kinds,  by  the  cicatricial  con- 
traction incident  to  the  process  of  healing,  may  induce  obstruction, 
as,  for  example,  ulcers  from  swallowing  strong  acids,  syphilitic  ulcerSj 
etc.  Still  more  frequent  are  obstructions  from  tumours  of  the 
oesophagus,  and  especially  Cancers  (see  further  on).  As  mentioned 
above,  obstructions  of  the  oesophagus  frequently  give  rise  to  dilatations 
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with  hypertrophy  of  the  muscular  coat  above  the  seat  of  constriction. 
Sometimes  the  dilatation  is  greater  in  one  locality  so  that  with  a 
general  dilatation  there  is  a  partial  diverticulum. 

3.  Inflammations  of  the  oesophagus.— The  mucous  membrane  of 
the  oesophagus  is  formed  so  as  to  resist  the  action  of  irritants,  and 
unless  the  action  be  peculiarly  strong  wre  have  not  considerable 
inflammation.  When  strong  acids,  or  alkalies,  or  substances  at  a 
high  temperature,  are  swallowed,  they  may  cause  superficial  necrosis 
and  considerable  inflammation  of  the  mucous  membrane.  The  small- 
pox eruption  may  extend  into  the  (esophagus,  producing  inflammation. 

Strong  acids  or  Alkalies,  when  swallowed,  pass  rapidly  through 
the  c esophagus,  and  so  produce  much  less  serious  results  than  they 
do  in  the  stomach.  Acids  produce  whitish,  yellowish,  or  brownish 
sloughs  of  the  epithelium,  sometimes  penetrating  to  the  mucous 
membrane  itself.  Caustic  alkalies,  on  the  other  hand,  dissolve  the 
epithelium,  producing  a  gre}7ish  gelatinous  material  which  lies  on  the 
surface.  If  they  penetrate  to  the  mucous  membrane  they  reduce  it 
to  a  soft,  brownish,  half-diffluent  substance.  If  recovery  occur,  there 
are  at  first  ulcers  with  more  or  less  violent  inflammation,  and 
afterwards  healing  with  contraction  of  the  ulcers  and  possibly  con- 
siderable narrowing  of  the  tube 

Small-pox  pustules  in  the  oesophagus  are  very  similar  to  those  in 
the  mouth,  and,  like  them,  they  readily  lose  their  epithelial  covering 
and  become  converted  into  ulcers.  They  are  accompanied  by  signs 
of  inflammation  of  the  mucous  membrane  generally. 

A  few  cases  of  a  peculiar  inflammation  of  the  oesophagus  have 
been  recorded  in  which  the  surface  epithelium  has  been  shed  in  the 
form  of  a  consistent  cast  of  a  greater  or  lesser  part  of  the  tube. 
To  this  condition  the  name  of  (Esophagitis  dissecans  superficialis 
has  been  applied  by  Rosenberg. 

4.  Rupture  and  Perforation  of  the  oesophagus. — The  oesophagus 
may  be  directly  ruptured  by  hard  or  sharp  bodies  being  swallowed 
with  the  food.  The  author  observed  a  case  in  which  a  fish-bone 
cut  through  the  (esophagus  and  on  into  the  aorta. 

A  more  frequent  cause  of  perforation  is  disease  of  the  wall.  The 
Traction  diverticulum  is,  according  to  Zenker,  the  commonest  cause 
of  perforation.  Next  to  that  comes  Cancer  of  the  oesophagus,  the 
actual  perforation  here  being  often  produced  by  the  sound. 

Perforating  ulcer  sometimes  occurs  in  the  oesophagus,  its  causation 
being  similar  to  that  of  the  stomach  (which  see).  Fig.  400  represents 
Such  an  ulcer,  which  perforated  into  the  left  main  bronchus,  causing 
gangrene  of  the  lung  on  account  of  food  passing  into  the  bronchi 
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and  lung  alveoli.  There  have  been  cases  in  which  the  ulcer  has 
penetrated  into  the  aorta. 

5.  Tumours  of  the  oesophagus. — Simple  tissue  tumours  are  rare. 
We  meet  with  Lipomas  and  Fibromas,  and  the  author  has  described 
a  case  of  Myoma  (Fig.  401)  in  which  a  tumour,  4|  inches  long  and 


It  caused  considerable  distension 
Fig.  400.— Perforating  ulcer  in  lower  part  of  the  oesophagus,  and  obstructed 

of  (esophagus.    The  ulcer  penetrated  the  the  tube,     b,  cardiac  orifice  of 

main  bronchus  of  the  left  lung.  stomach.    Half  the  natural  size. 


2  inches  in  thickness,  was  attached  by  a  comparatively  narrow  neck, 
and  produced  death  by  obstructing  the  tube.  Polypoid  tumours 
of  a  similar  form  are  met  with,  having  a  fibrous  structure. 

Cancer  of  the  oesophagus  is  by  far  the  most  important  form  of 
tumour.  The  cancer  is  nearly  always  in  the  form  of  flat-celled 
epithelioma,  and  in  its  histological  details  closely  conforms  to 
cancer  of  the  lip.  The  masses  of  epithelial  cells  infiltrate  the  spaces 
in  the  underlying  connective  tissue,  and  the  tumour  also  projects 
somewhat  into  the  calibre  of  the  tube.  Here  also  there  is  a  great 
tendency  to  ulceration,  the  mechanical  action  of  the  food  in  swallow- 
ing doubtless  contributing  to  this  result. 

The  tumour  begins  at  a  limited  part  of  the  mucous  membrane, 
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but  it  has  a  special  tendency  to  extend  round  the  tube  in  the  form 
of  a  ring.  There  has  been  considerable  discussion  as  to  the  most 
common  situation  of  the  tumour,  and  the  result  of  the  comparison 
of  various  statistics  seems  to  be  that  the  most  frequent  seat  is 
the  lower  third.  Scarcely  less  frequent  than  this  is  the  middle 
third,  and  especially  the  place  corresponding  with  the  bifurcation 
of  the  trachea.  In  the  upper  third  epithelioma  is  comparatively 
infrequent. 

This  form  of  tumour,  when  it  surrounds  the  tube,  frequently  leads 
to  Obstruction  of  the  oesophagus.  On  examining  the  oesophagus 
after  death  the  seat  of  the  tumour  is  often  indicated  externally  by 
a  narrowing  of  the  tube,  which  is  also  more  rigid  here  than  elsewhere. 
The  infiltration  of  the  walls  of  the  oesophagus,  by  irritating  the 
connective  tissue,  causes  a  chronic  inflammation  with  the  usual 
new-formation  of  connective  tissue,  which  contracts  and  narrows  the 
tube.  Besides  this,  the  mere  rigidity  of  the  infiltrated  tube,  prevent- 
ing its  dilatation  when  the  morsel  is  being  swallowed,  may  produce 
a  virtual  obstruction  at  the  point  concerned.  The  projection  of 
the  tumour  into  the  calibre  is  another  element,  which  tells  especially 
in  the  earlier  periods.  But  as  ulceration  occurs,  this  projection  of 
the  tumour  usually  becomes  inconsiderable,  and  there  may  even  be 
a  temporary  relief  to  the  stricture  by  partial  destruction  of  the 
tumour.  The  ulceration  itself,  however,  by  inducing  still  further 
cicatricial  contraction,  may  ultimately  confirm  the  obstruction. 

The  tumour  sometimes  extends  from  the  (esophagus  to  neighbouring 
lymphatic  glands,  or  to  surrounding  structures,  and  so  we  may  have 
the  trachea,  bronchi,  or  lungs  involved  in  it.  Sometimes  it  extends 
to  the  diaphragm,  pericardium,  vertebrae,  etc. 

Literature. — Knott,  Path,  of  the  oesoph.  (with  references  to  literature),  1878  ; 
Zenker,  in  Ziemssen's  Encycl.,  vol.  viii. ,  1878;  Elebs,  (Diverticulum)  Handb. 
d.  path.  Anat.,  i.  Oesophagitis  dissecans — Rosenberg,  Centralbl.  f .  allg.  Path.,  No. 
18,  1892;  Selavunos,  Virch.  Arch.,  cxxxiii.,  1893,  p.  250.  Perforating  ulcer — 
Finlayson,  Glasg.  Med.  Jour.,  xix.,  1883,  p.  313 ;  Flower,  Med.  chir.  trans., 
xxxvi.,  1853  ;  Hilton,  Path,  trans.,  vi.,  1854  ;  Part,  ibid.,  viii.  ;  Quincke,  D.  Arch, 
f.  klin.  Med.,  xxvi.,  1879  ;  Kehrer,  ibid.,  xxxvi.,  1885.  Tumours — Virchow, 
Geschwiilste,  iii. ;  Rosenbach,  (Sarcoma)  Berl.  klin.  Wochenschr.,  Sept.  20  and 
27,  1875  ;  Coats,  (Myoma)  Glasg.  Med.  Jour.,  iv.,  1872,  p.  201  ;  Fagge,  (do.)  Path, 
trans.,  xxvi.,  1875,  p.  94. 

I).— The  Stomach. 

Introduction.  —  In  considering  the  diseases  of  the  stomach,  it  is 
necessary  to  bear  in  mind  certain  points  in  regard  to  its  structure 
and  functions.    The  innumerable  glands  which  exist  in  the  mucous 
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membrane  are  engaged  in  the  formation  of  the  Gastric  juice  for  the 
purposes  of  digestion.  The  diseases  of  the  stomach  very  readily 
interfere  with  the  function  of  these  glands,  so  that  the  secretion 
of  gastric  juice  is  insufficient  in  quantity  or  deteriorated  in  quality. 
In  that  case  the  Food  is  apt  to  lie  in  the  stomach  undigested,  and 
it  very  commonly  undergoes  various  forms  of  Decomposition.  The 
products  of  decomposition  acting  on  the  mucous  membrane  still 
further  interfere  with  the  process  of  secretion,  and  by  their 
irritative  action  keep  up  or  induce  a  condition  of  catarrh  of  the 
stomach.  Gases  also  develop  in  the  process  of  decomposition,  and 
these,  by  distending  the  organ,  interfere  with  its  proper  peristaltic 
movements,  and  so  hinder  the  passage  of  the  food  through  the 
pylorus. 

But  it  is  not  merely  local  diseases,  such  as  inflammations  and 
tumours,  which  interfere  with  the  secretion  of  the  gastric  juice. 
Changes  characterized  by  Cloudy  swelling  and  Fatty  degeneration 
are  met  with  in  the  glandular  epithelium  in  numerous  infective 
diseases,  small-pox,  typhus,  septicaemia,  as  also  in  poisoning  with 
phosphorus,  etc.  In  these  cases  the  secretion  of  the  gastric 
juice  may  be  almost  at  a  standstill,  and  if  food  be  introduced  it 
is  apt  to  lie  in  the  stomach;  by  its  mere  presence,  and  by  the 
action  of  the  products  of  decomposition,  it  may  produce  still 
further  structural  changes. 

The  forms  of  decomposition  which  the  food  undergoes  when  it  lies 
undigested  in  the  stomach  are  various,  but  the  chief  are  those  char- 
acterized by  the  development  of  Acetic,  Lactic,  and  Butyric  acids. 
The  agents  in  these  changes  are  microbes  which  are  introduced  in 
abundance  with  the  food  and  propagate  in  the  stomach,  unless  their 
multiplication  is  hindered  by  the  action  of  the  gastric  juice.  In  the 
contents  of  the  stomach,  when  at  any  time  they  are  discharged 
during  life,  swarms  of  bacteria  are  found,  and  in  addition  there  are 
nearly  always  proliferating  spores  of  fungi  and  sometimes  large 
numbers  of  sarcinaa. 

It  has  been  mentioned  that  the  products  of  decomposition  irritate 
the  mucous  membrane,  but,  in  addition  to  that,  microbes  have  been 
found  in  some  cases  to  enter  the  glands  and  mucous  membrane.  In 
some  of  the  cases  the  action  of  such  microbes  has  produced  little 
Pustules  in  the  mucous  membrane,  or  even  larger  prominences  with 
necrosis  and  ulceration.  It  may  be  inferred  that  it  is  microbes  of 
a  special  kind  or  in  a  peculiar  state  of  activity  which  thus  penetrate 
into  the  mucous  membrane.  Stagnation  of  the  food  in  the  stomach 
and  its  decomposition  will  occur  still  more  when,  by  stricture  of  the 
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pylorus,  there  is  a  Mechanical  obstacle  to  the  passage  from  the 
stomach. 

Besides  the  mere  local  effects  induced  by  the  products  of  decom- 
position, it  is  to  be  remembered  that  the  mucous  membrane  of  the 
stomach  is  actively  engaged  in  Absorption,  and  that  these  products 
may  to  some  extent  be  taken  into  the  blood.  It  is  probable  that 
the  headache  and  other  nervous  symptoms  occurring  in  dyspepsia 
are  in  great  measure  due  to  the  existence  in  the  blood  of  small 
quantities  of  these  poisonous  agents  and  their  action  on  the  nervous 
system. 

When  the  food  ,  remains  in  the  stomach  and  accumulates  there,  it 
is  usually  got  rid  of  after  a  time  by  Vomiting.  This  action  is 
produced  by  irritation  of  a  centre  in  the  medulla  oblongata,  and 
the  muscles  employed  are  mainly  those  used  in  respiration,  but  in 
different  combinations.  The  centre  may  be  irritated  directly,  as  by 
introducing  apomorphia  or  tartar  emetic  into  the  blood,  or  by  disease 
of  the  brain  itself.  But  in  the  case  we  are  considering  it  is  irritated 
by  reflex  stimulation,  the  stimulation  taking  origin  in  centripetal 
fibres  in  the  stomach  itself.  The  occurrence  of  vomiting  is  dependent 
on  the  nature  and  amount  of  the  irritation  applied  and  on  the 
sensitiveness  of  the  centre  in  the  individual. 

Post-mortem  changes. — After  death,  any  remains  of  food  Lying  in  the  stomach 
are  apt  to  decompose  rapidly,  especially  as  the  gastric  juice  in  most  cases  is 
not  secreted  in  the  normal  way  up  to  the  period  of  death,  and  so  the  decomposition 
is  not  interfered  with.  The  decomposing  juices  therefore  act  readily  on  the 
mucous  membrane,  and  the  decomposition  may  even  extend  to  the  latter.  The 
principal  changes  produced  are  Alterations  in  colour,  resulting  from  chemical 
changes  in  the  colouring  matter  of  the  blood.  This  may  become  diffused  out  of  the 
blood-vessels  and  stain  the  mucous  membrane  of  a  generally  red  hue,  the  colour 
being  specially  pronounced  in  the  neighbourhood  of  the  larger  vessels.  There  is 
often  a  greenish  colour  developed  by  the  decomposition  of  the  blood.  Lastly, 
the  colour  may  be  almost  black  or  slaty,  but  in  many  cases  this  deep  colour  is 
not  altogether  post-mortem,  depending  in  part  on  a  true  pigmentation  from 
chronic  catarrh  of  the  mucous  membrane. 

Softening  of  the  stomach  or  Gastromalacia  is  also  a  post-mortem  change.  It  is 
really  a  digestion  of  the  coats  of  the  stomach  by  the  gastric  juice.  As  a  rule, 
in  persons  near  death,  the  gastric  juice  is  not  secreted  normally,  but  if  the 
person  die  while  the  gastric  juice  is  still  active,  then  the  latter  may,  by  a 
process  of  Digestion,  act  on  the  coats  of  the  stomach.  This  condition  occurs 
mostly  in  persons  who  die  suddenly,  especially  if  the  body  is  kept  in  a  warm 
place,  and  it  is  more  frequent  in  children  than  in  adults.  In  the  slightest 
degree,  the  mucous  membrane  alone  is  softened,  and  it  can  be  removed  by 
the  finger  as  a  soft  paste  from  the  surface  of  the  muscular  coat.  Penetrating 
deeper,  the  muscular  coat  and  even  the  serous  coat  may  be  half  liquefied,  so 
that  on  handling  the  stomach  it  may  be  perforated.    The  stomach  may  even 
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Rupture  in  the  body,  and  the  contents  pass  outwards,  producing  softening  in 
neighbouring  parts.  In  some  cases  the  diaphragm  has  been  softened  in  this 
way,  and  the  stomach  contents  have  passed  partly  into  the  pleural  cavity. 

These  various  changes  occur  in  those  parts  of  the  stomach  where  the  contents 
have  been  lying  after  death.  This  is  generally  the  neighbourhood  of  the  fundus. 
As  the  contents  are  usually  fluid,  it  is  often  seen  that  the  changes  stop  short 
at  a  definite  level  and  the  unaltered  mucous  membrane  is  abruptly  demarcated 
from  the  altered  part.  The  pyloric  portion  of  the  stomach,  as  it  usually  lies 
highest,  is  least  frequently  affected,  and  this  is  important,  as  that  part  of  the 
stomach  is  the  most  frequent  seat  of  disease. 

It  will  be  understood  that  many  of  the  pathological  changes  of  the  stomach 
will  be  obscured  by  the  occurrence  of  these  post-mortem  changes. 

Literature. — Leube,  in  Ziemssen's  Encycl.,  vii.,  1877;  Kussmaul,  D.  Arch.  f. 
Win.  Med.,  vi.  ;  Bruxton,  Disorders  of  digestion,  1886.  Digestion  of  stomach — 
Hunter,  Phil,  trans.,  1772,  and  Works  by  Palmer,  iv.,  116;  Burns,  Med.  and 
Surg.  Jour.,  1810  ;  Bamberger,  Krankh.  d.  chylop.  Syst.,  1855 ;  Virchow,  Wiirzb. 
Verhandl.,  1850;  Beeves,  Softening  of  stom.  in  children  and  adults,  1867. 

I.    MALFORMATIONS  AND  CONTRACTIONS  OF  THE  STOMACH. 

1.  Congenital  malformations. —There  may  be  abnormal  smallness 
either  with  or  without  other  more  general  malformations.  Some- 
bimes  an  Hour-glass  form  is  presented  on  account  of  the  middle 
part  of  the  stomach  being  contracted.  But  this  malformation  may 
be  acquired  by  cicatricial  contraction. 

Atresia  and  stenosis  of  the  pylorus  are  met  with  as  congenital 
conditions.  Atresia  or  complete  occlusion  occurs  in  the  form  either 
of  a  simple  diaphragm  between  stomach  and  duodenum  (similar 
diaphragms  may  occur  at  other  parts  of  the  stomach),  or  as  a  more 
complete  separation,  there  being  only  a  cord  uniting  stomach  and 
duodenum.  Congenital  stenosis  of  the  pylorus  is  alleged  to  be  of 
frequent  occurrence.  According  to  Maier  there  are  two  forms,  a 
funnel-shaped  and  ring-shaped.  In  the  former  the  pyloric  portion  of 
the  stomach  is  converted  chiefly  by  hypertrophy  of  the  muscular  coat, 
into  a  somewhat  rigid  funnel,  whose  apex  projects  into  the  loose  duo- 
denum. The  condition  is  compared  to  that  of  the  normal  cervix  uteri 
in  its  relation  to  the  loose  vagina.  Tilger  describes  a  case  in  which 
the  stenosis  extended  to  the  first  part  of  the  duodenum.  In  the  ring- 
shaped  form  there  is  an  abrupt  narrow  projecting  ring,  formed  by 
localized  thickening  of  the  muscular  coat.  The  congenital  stenosis 
is  often  associated  with  fixation  of  the  pylorus  due  to  a  dense  and 
thick  hepatico-duodenal  ligament.  Congenital  stenosis  like  the  ac- 
quired forms  will  be  followed  by  dilatation  of  the  stomach  some- 
times associated  with  hypertrophy  of  the  muscular  coat.  Care  is 
required  in  diagnosing  congenital  stenosis,  as  various  states  of  con- 
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traction  of  the  muscular  coat  in  the  pyloric  region  may  simulate 
it,  and  it  may  also  be  simulated  by  thickening  due  to  chronic 
catarrh. 

2.  Contractions  of  the  stomach  may  be  general  or  local.  A  General 
contraction  is  produced  when  the  stomach  is  long  deprived  of  food. 
This  is  most  directly  produced  by  obstruction  of  the  oesophagus  or 
cardiac  orifice,  but  also  occurs  when,  for  any  other  reason,  food  is 
not  taken.  There  is  also  a  general  shrinking  sometimes  as  a  con- 
sequence of  scirrhous  cancer,  and  a  similar  shrinking  may  be  produced 
by  peritonitis  which  has  led  to  thickening  and  contraction  of  the 
peritoneum  generally. 

Partial  contractions  are  usually  the  result  of  cicatrization  of  ulcers. 
As  these  are  mostly  on  the  lesser  curvature,  the  two  orifices  may 
be  drawn  close  together.  Sometimes  an  hour-glass  contraction  may 
be  produced  in  this  way.  There  is  also  occasionally  an  hour-glass 
contraction  visible  post  mortem,  which  depends  merely  on  an  irregular 
contraction  of  the  muscular  coat  and  is  of  no  special  significance. 
Cancer  of  the  stomach  may  produce  partial  contraction.  It  is  to  be 
remarked,  however,  that  simple  ulcers  of  the  stomach  mostly  heal 
without  considerable  contraction,  the  cicatrices  being  quite  flat. 

Literature.  — Widekhofek,  Handb.  d.  Kinderkrankh.,  iv.,  1880;  Laxderer,  Angeb. 
Stenose  des  Pylorus,  Tubingen,  1K7J> ;  Maier,  Virch.  Arch.,  cii.,  1885;  Tilger,  ibid., 
exxxiii.,  1893;  Carrington,  (Hour-glass  contr.)  Path,  trans.,  xxxiii.,  1882;  Hudson, 
ibid.,  xxxviii.,  1887. 

II.  — DILATATION  AND  HYPERTROPHY  OF  THE  STOMACH. 
These  conditions  mostly  result  from  obstruction  to  the  passage  of 
food  through  the  pylorus  from  contraction  of  that  orifice.  A  simple 
weakness  of  the  muscular  coat  may  also  allow  of  passive  distension. 
Obstruction  of  the  pylorus,  causing  an  accumulation  of  the  contents, 
leads  in  the  first  instance  to  a  simple  distension  of  the  organ,  which 
tells  chiefly  on  the  parts  which  are  free  to  swell  out.  The  lesser 
curvature  is  fixed  by  its  attachments,  and  it  usually  retains  nearly 
its  normal  position  except  that  its  middle  part  is  somewhat  dragged 
downwards.  The  greater  curvature,  on  the  other  hand,  is  carried 
downwards,  and  the  stomach  may  virtually  fill  the  entire  abdomen, 
reaching  as  far  as  the  symphysis  pubis  in  some  cases.  Sometimes 
the  pylorus  is  depressed  and  the  duodenum  correspondingly  dis- 
placed. 

The  general  result  of  obstruction  of  an  orifice  is  compensatory 
hypertrophy  of  the  muscular  coat  of  the  viscus,  such  as  frequently 
develops  in  the  heart  and  urinary  bladder.    But  the  muscular  coat 
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of  the  stomach  has  a  somewhat  different  function  to  that  of  the 
heart  or  bladder.  In  the  latter  there  is  a  simultaneous  contraction 
of  the  entire  muscle  with  a  view  to  the  emptying  of  the  viscus. 
In  the  stomach,  however,  the  contraction  is  vermicular,  and  its  object 
is  as  much  to  move  the  contents  about  inside  the  stomach  as  to 
empty  them  into  the  duodenum.  In  the  actual  propulsion  of  the 
contents  into  the  duodenum  it  is  the  pyloric  portion  of  the  stomach 
that  is  engaged,  and  here  also  the  material  is  carried  forward  by  a 
vermicular  movement.  Hence  the  hypertrophy  of  the  muscular  coat 
in  obstruction  of  the  pylorus  does  not  occur  uniformly  in  the  stomach, 
but  localizes  itself  in  the  pyloric  portion,  sometimes  even  with  a 
special  thickening  just  at  the  orifice,  forming  a  tight  Sphincter. 
In  these  cases,  when  the  wall  of  the  stomach  is  divided,  the  progressive 
thickening  of  the  rigid  muscular  coat  can  often  be  distinguished  as 
the  pylorus  is  approached.  As  the  muscle  of  the  stomach  is  in 
bundles,  hypertrophy  produces  an  exaggeration  of  these,  and  on 
section  they  are  frequently  very  prominent,  especially  as  the  con- 
nective tissue  septa  between  them  are  also  hypertrophied.  The 
alternating  bundles,  as  seen  on  section,  have  been  compared  with 
the  leaves  of  a  fan. 

Resides  general  dilatation,  which  is  of  common  occurrence,  a  localized 
dilatation  or  Diverticulum  is  met  with,  but  is  exceedingly  rare. 
Tilger  describes  a  case  of  Traction  diverticulum  (see  under  (Esophagus) 
in  which  the  traction  from  without  of  an  adherent  and  displaced 
gall-bladder  had  been  the  cause. 

Literature. — Pbnzoldt,  Magenerweiterung,  1875;  Lkube,  in  Ziemssen's  Encycl.,, 
vii.,  1877;  Tilger,  Virch.  Arch.,  exxxiii.,  p.  201,  1893. 

111. — INFLAMMATIONS  OF  THE  STOMACH.  GASTRITIS. 

Acute  inflammations  may  lie  produced  by  the  action  of  irritant 
poisons  which  have  been  swallowed,  the  inflammation  here  being 
accompanied  by  sloughing.  Phlegmonous  inflammation  is  rare  in 
the  stomach  as  compared  with  the  frequency  of  phlegmonous  angina 
of  the  fauces,  or  dysenteric  inflammation  of  the  intestine.  It  is 
met  with  occasionally  in  severe  infective  diseases,  and  particularly 
in  puerperal  fever.  There  is  great  swelling  and  redness  of  the 
mucous  membrane,  terminating  in  a  diffuse  purulent  infiltration  of 
the  wall  of  the  stomach,  chiefly  in  the  submucous  tissue.  Sometimes 
abscesses  have  been  formed  in  the  wall  of  the  stomach  which  have 
burst  into  its  cavity. 

Catarrh  of  the  stomach,  on  the  other  hand,  is  a  condition  of  very 
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frequent  occurrence  and  is  met  with  in  the  acute  and  chronic 
forms. 

Acute  catarrh. — This  is  induced  for  the  most  part  by  the  direct 
action  of  irritants  on  the  mucous  membrane,  mainly  by  the  use  of 
irritating  foods  or  drinks.  When  food  remains  in  the  stomach 
undigested  it  undergoes  decomposition,  and  the  irritating  products 
may  induce  an  acute  catarrh.  The  mere  prolonged  stay  of  food  in 
the  stomach  probably  induces  it,  as  when  by  exposure  to  cold  the 
secretion  of  the  gastric  juice  and  the  peristaltic  action  necessary  to 
the  process  of  digestion  are  interfered  with. 

It  is  seldom  that  the  stomach  can  be  examined  after  death  in 
this  condition,  but  from  the  observations  of  Beaumont  on  his  patient 
with  a  gastric  fistula,  as  well  as  from  experiments  on  animals,  the 
appearances  of  the  mucous  membrane  have  been  tolerably  well  made 
out.  There  is  intense  redness  with  swelling  of  the  mucous  membrane, 
which  is  covered  by  a  layer  of  mucus  or  muco-pus,  sometimes 
slightly  mixed  with  blood.  The  appearances  are  most  marked  towards 
the  pylorus,  and  sometimes  confined  to  that  region. 

Under  the  microscope  the  blood-vessels  in  the  mucous  membrane, 
and  especially  in  the  submucous  tissue,  are  found  enormously  distended 
and  the  epithelial  cells,  both  those  nf  the  surface  and  of  the  glands, 
enlarged  and  granular. 

Chronic  catarrh.  —  This  often  remains  after  one  or  more  attacks  of 
the  acute  form.  It  is  also  present  in  cases  of  passive  -hyperemia  of 
the  stomach,  which  so  frequently  occurs  in  consequence  of  diseases 
of  the  heart  and  liver.  Cancer  of  the  stomach  is  also  accompanied 
by  chronic  catarrh  in  most  cases. 

If  the  catarrh  is  prolonged  there  usually  occurs  a  considerable 
new-formation  of  connective  tissue,  as  in  other  chronic  inflammations. 
There  is  thus  ;i  thickening  which  affects  mucosa,  submucosa,  and 
muscular  coat,  and  causes  the  surface  of  the  mucous  membrane  to 
assume  an  irregularly  folded  or  warty  appearance,  which  has  given 
rise  to  the  designation  if/ai  mametorvrU.  The  mucous  membrane  also 
presents,  in  many  cases,  dark  spots  or  a  general  deep  slaty  colour, 
from  the  presence  of  pigment  granules  in  the  tissue.  The  pigment 
is  derived  from  the  blood,  and  indicates  the  occurrence  of  haemor- 
rhages, probably  by  diapedesis.  The  increase  of  the  connective 
tissue  produces  Atrophy  of  the  glands,  which  are  also  considerably 
distorted. 

It  sometimes  happens  that  the  increase  of  connective  tissue  is 
specially  great,  and  the  wall  of  the  stomach  may  be  converted  into 
a  thick,  hard,  resistant  structure.    As  all  these  processes  occur  mainly 
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in  the  pyloric  portion  of  the  stomach,  considerable  Narrowing  of 
the  orifice  may  result.  The  rigidity  of  the  wall  and  the  narrowing 
of  the  orifice  induce  more  forcible  muscular  contractions,  and  the 
muscular  coat  therefore  hypertrophies.  The  thickened  and  indurated 
condition  may  closely  resemble  scirrhus  of  the  stomach,  especially 
as  the  muscular  coat  is  often  hypertrophied  in  that  disease  also. 

Occasionally  Mucous  polypi  develop  in  connection  with  chronic 
catarrh,  and  these  may  develop  into  mucous  cysts. 

Action  of  corrosives,  caustics,  and  poisons.  Strong  acids  and 
alkalies  acting  on  the  stomach  wall  cause  necrosis  to  a  greater  or 
less  extent,  and  also  produce  changes  in  the  resulting  slough.  As 
already  noted  the  oesophagus  is  often  but  slightly  involved.  The 
intestine  is  frequently  affected,  sometimes  as  far  down  as  the  ileo- 
cecal valve.  The  intensity  of  the  action  depends  largety  on  the 
concentration  of  the  acid  or  alkali.  Sometimes  the  whole  thickness 
of  the  stomach  is  dissolved,  and,  the  contents  having  escaped,  the 
action  extends  to  the  abdominal  organs.  The  affected  parts  show 
various  colours,  acids  generally  producing  a  dark  colour,  while 
alkalies  lead  to  a  more  tawny  appearance. 

If  the  patient  survive,  the  sloughs  will  be  discharged  and  there 
may  be  subsequently  cicatricial  contraction,  leading  sometimes  to 
serious  deformity  and  stenosis  of  the  stomach. 

Carbolic  acid  produces  a  dry,  stiff  condition  of  the  mucous  mem- 
brane which  has  a  brownish  colour.  This  condition  may  also  extend 
to  the  intestine.    (See  case  in  Western  Infirmary  Museum.) 

Arsenic  does  not  produce  necrosis,  but  an  irritation,  evidenced  by 
hyperemia,  and  sometimes  by  ulceration.  Decomposition  is  prevented 
by  the  presence  of  considerable  quantities  of  arsenic. 

Literature. — Abebcrombie,  Researches  on  dis.  of  stomach,  etc.,  3rd  ed.,  1837; 
Leube,  1.  c. ;  Fenwick,  Morbid  states  of  stom.,  18G8,  Atrophy  of  stom.,  1880  ; 
Habershox,  Observations  on  dis.  of  abdom.,  3rd  ed.,  1878;  Fox,  in  Reynold's 
Syst.  of  med.,  18(58  ;  Beaumont,  Expers.  and  observations  on  gastric  juice,  etc., 
1833;  Silcock,  (Phlegmonous  infl.)  Path,  trans.,  xxxiv.,  1883. 

IV. — THE  SIMPLE  PERFORATING  ULCER. 

This  peculiar  form  of  ulcer  is  met  with  only  in  the  stomach,  first 
part  of  the  duodenum,  and  lower  part  of  oesophagus.  The  duodenum 
is  not  an  infrequent  seat,  the  oesophagus  a  more  unusual  one. 
It  is  also  called,  sometimes,  the  Round,  the  Chronic,  and  the 
Perforating  ulcer.  It  is  clear  from  the  localities  in  which  it  occurs 
that  its  peculiarities  are  due  to  the  action  of  the  gastric  juice. 

The  ulcer  is  usually  round  or  oval  in  shape,  and  presents  the 


PERFORATING  ULCER. 


839 


appearance  as  if  a  conical  piece  of  the  wall  of  the  stomach  had 
been  punched  out  from  within,  its  edges  being  perfectly  denned 
without  any  considerable  thickening  of  the  neighbouring  mucous 
membrane,  and  the  floor  of  the  ulcer  perfectly  clean  (see  Fig.  402). 
The  superficial  extent  and  depth  of 
the  ulcer  vary  considerably.  The 
commonest  size  is  about  that  of  a 
shilling,  but  this  may  be  exceeded 
considerably,  and  Cruveilhier  has  de- 
scribed an  ulcer  which  was  6J  inches 
long  and  3£  inches  broad.  In  the 
smaller  ulcers  the  floor  is  formed  of 
the  coats  of  the  stomach,  probably 
with  some  new-formed  connective 
tissue.  In  the  larger  and  deeper 
ones  the  tissue  of  neighbouring  organs 
may  be  exposed,  such  as  that  of  the 
pancreas  or  liver.  The  floor  of  the 
ulcer  does  not  present  any  of  the 
usual  appearances  of  a  gi'anulating 
wound,  but  is  clean  and  smooth, 
the  actual  tissue  of  the  part  being 
exposed,  perhaps  with  some  indura- 
tion from  new-formation  of  connec- 
tive tissue. 

The  situation  of  the  ulcer  is  mostly 
in  the  neighbourhood  of  the  lesser 
curvature,  and  nearer  the  pyloric 
than  the  cardiac  orifice.  It  is  more 
frequent  on  the  posterior  than  the 
anterior  wall.  Although  usually 
single,  it  is  not  uncommon  to  find 
more  than  one  ulcer  present  in  the 
same  case. 

The  ulcer  presents  a  tendency  to  penetrate  more  and  more  deeply, 
from  which  circumstance  it  is  named  the  Perforating  ulcer.  It  does 
not  appear  to  extend  circumferentially  to  any  considerable  degree  ;  it 
is  probable  indeed  that  at  the  very  first  the  ulcer  assumes  its  full 
superficial  dimensions.  Eating  into  the  wall  of  the  stomach,  it  may 
penetrate  through  the  entire  coats,  and  sundry  accidents  are  liable 
to  ensue. 

One  of  the  commonest  of  these  accidents  is  Haemorrhage.  The 


Fiur-  402. — Perforating  ulcers  of  stomach 
open  and  healed,  from  the  same  case.  In 
the  upper  piece  of  tissue  is  a  flat  slightly 
depressed  cicatrix  and  some  smaller  ones 
near  the  lower  border.  The  lower  piece 
shows  a  deeply  excavated  ulcer,  which  had 
caused  death  by  perforation  into  the  peri- 
toneum. 
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ulcer  penetrates  one  or  more  vessels  at  its  base.  The  vessels  may 
be  small  and  the  haemorrhage  not  very  considerable,  but  sometimes 
a  considerable  artery  is  laid  open,  and  a  serious,  even  a  fatal  haemor- 
rhage results.  From  the  commoner  situations  of  the  ulcers  the 
arteries  most  frequently  penetrated  are  these — the  coronary  artery 
or  one  of  its  branches,  the  gastro-epiploic,  the  pancreatic,  and  the 
splenic.  Sometimes  the  open  mouth  of  the  vessel  can  be  seen,  after 
death,  in  the  floor  of  the  ulcer. 

Perforation  is  another  result  of  the  penetration  of  the  ulcer.  For 
the  most  part,  by  the  time  the  ulcer  has  eaten  through  the  wall 
of  the  stomach,  the  latter  has  already  acquired  adhesion  to  some 
neighbouring  structure,  and  so  actual  rupture  of  the  stomach  and 
escape  of  its  contents  into  the  peritoneal  cavity  are  not  common. 
The  adhesion  may  be  to  the  liver  or  pancreas,  or,  more  rarely,  to 
the  spleen,  diaphragm,  colon,  abdominal  wall.  By  the  extension  of 
the  ulcer  these  structures  may  be  eaten  into  and  their  tissue  exposed. 
The  tissue  when  first  exposed  has  its  normal  appearance,  but  it 
usually  becomes  condensed  and  cicatricial.  Sometimes  the  irritation 
of  the  gastric  juice  produces  suppuration  and  the  formation  of  an 
Abscess,  especially  in  the  case  of  penetration  into  the  liver. 

Rupture  of  the  stomach  results  if  perforation  occur  without  pre- 
vious adhesion  of  the  wall.  This  will  happen  most  readily  where 
the  wall  of  the  stomach  is  liable  to  shift  about  during  the  regular 
peristaltic  movements,  and  also  where  there  is  no  solid  viscus  to  which 
it  may  readily  adhere.  Both  these  conditions  are  fulfilled  in  the  case 
of  ulcers  of  the  anterior  wall,  and  so  it  happens  that  rupture  most 
frequently  occurs  in  this  situation.  The  ulcers  which  lead  to  perfora- 
tion are  frequently  very  small,  and  the  aperture  in  the  serous  coat 
may  be  as  large  as  the  ulcer  itself.  The  result  of  the  rupture  is  acute 
peritonitis,  which  is  generally  fatal. 

The  ulcer,  when  situated  at  or  near  the  pylorus,  may  lead  to  partial  Obstruction 
of  the  pylorus.  This  may  be  due  to  distortion  of  the  parts  and  folding  of  the 
mucous  membrane  from  shrinking  of  the  ulcer.  It  will  follow  most  readily  in 
ulcers  of  the  duodenum  immediately  beyond  the  sphincter.  This  situation  is 
not  uncommon,  and  the  ulcer  not  infrequently  partly  involves  the  edge  of  the 
pylorus.  In  a  case  observed  by  the  author  the  symptoms  during  life  and  even 
the  appearances  after  death  strongly  suggested  cancer  of  the  pylorus. 

Healing  of  the  perforating  ulcer  is  by  no  means  an  unusual  occur- 
rence. In  the  experiments  to  be  referred  to  presently,  in  which  ulcers 
were  produced  artificially  in  animals,  they  healed  very  readily.  In 
man  also  they  are  frequently  recovered  from,  and  we  often  meet  with 
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cicatrices  in  the  stomach.  The  cicatrices  are  usually  flat,  as  in  Fig. 
402,  and  there  may  even  be  no  very  obvious  cicatrix  at  all.  The 
author  met  with  a  case  in  which  three  weeks  after  a  very  severe 
haemorrhage,  presumably  from  an  ulcer  of  the  stomach,  only  an  obscure 
cicatrix  could  be  found.  In  order  to  healing,  the  acrid  condition  of 
the  gastric  juice,  which  seems  to  be  the  chief  agent  in  their  causation, 
must  be  corrected. 

The  mode  of  origin  of  these  ulcers  is  a  matter  of  some  difficulty. 
It  is  obvious,  from  the  shape  and  appearance  of  the  ulcer,  that  it  has 
arisen  by  the  necrosis  and  subsequent  digestion  of  a  piece  of  the  wall 
of  the  stomach.  The  funnel-shaped  outline  of  the  ulcer  suggested  to 
Virchow  that  the  necrosis  occurred  by  obstruction  or  interference  with 
an  arterial  branch,  and  he  observed  as  confirmatory  of  this  that  the 
ulcers  most  frequently  had  their  seat  at  the  point  of  entrance  of 
arterial  branches  into  the  wall  of  the  stomach.  The  experiments  of 
Panum  and  Cohnheim  confirm  this  view  in  so  far  as  they  show  that 
ulcers  may  be  produced  by  embolism  of  the  arteries  of  the  stomach. 
The  perforating  ulcer,  however,  is  not  met  with  specially  in  cases  of 
embolism  or  thrombosis  of  the  arteries  of  the  stomach,  but  in  the 
immense  majority  of  instances  in  cases  where  no  such  disturbance  of 
the  circulation  exists.  It  has  been  suggested  again  that  a  venous 
hyperemia,  by  causing  stagnation  and  even  haemorrhage  (see  after- 
wards) in  defined  areas  of  the  mucous  membrane,  may  produce  such 
weakening  of  the  tissue  as  to  induce  necrosis  and  digestion  of  it. 

In  most  cases  of  gastric  ulcer  there  is  serious  and  usually  prolonged 
Dyspepsia,  and  the  persons  arc  frequently  ana'iiiic.  Some  abnormal 
condition  of  the  gastric  juice,  by  virtue  of  which  it  is  peculiarly 
irritating  to  the  mucous  membrane,  seems  to  be  an  essential  factor, 
while  a  weakened  condition  of  the  mucous  membrane  is  also  of  conse- 
quence. In  most  cases  the  gastric  juice  is  abnormally  acid,  and  it  has 
been  thought  that  by  neutralizing  the  natural  alkalinity  of  the  tissues 
it  may  lead  to  their  necrosis. 

On  the  whole  it  seems  probable  that  an  acrid  gastric  juice,  taking 
advantage  of  any  accidental  stagnation  in  a  defined  area  of  the  mucous 
membrane,  may  lead  to  its  necrosis  and  the  formation  of  the  ulcer. 

The  frequency  of  ulcer  of  the  stomach  may  be  judged  of  from  the 
fact  that,  according  to  the  results  of  post-mortem  examinations,  it  is 
said  that  there  are  ulcers  or  cicatrices  in  about  one  in  twenty  of  the 
eases  examined  after  death. 

Literature. — Baillie,  Morb.  Anat.,  3rd  ed.,  1812;  Bkinton,  Ulcer  of  stom.,  1857; 
Virchow,  Arch.,  v.;  Mullen,  Geschwitr  des  Magens.,  I860;  Panum,  Virch.  Arch., 
xxv.;  Cohnheim,  Allg.  Path.,  ii.;  Klehs,  Handb.,  i.;  Leuke,  in  Ziemssen's  Encycl., 


842 


THE  STOMACH. 


1.  c. ;  Hauser,  Das  Magengeschwiir,  sein  Vernarbungsproe.,  1883 ;  Fenwick,  Journ. 
of  Path,  and  Bact.,  vol.  i.,  1893,  p.  417 ;  Leith,  Edin.  Hosp.  Eep.,  vol.  ii. 

V.— HYPEREMIA  AND  HEMORRHAGE. 

Passive  hyperemia  of  the  stomach  is  of  very  frequent  occurrence, 
being  brought  about  not  only  in  that  large  class  of  cases  in  which 
there  is  general  venous  engorgement,  but  also  in  those  in  which  a 
localized  lesion  in  the  liver  obstructs  the  portal  circulation.  The 
mucous  membrane  is  generally  reddened  in  such  cases,  and  there  is 
usually  some  catarrh.  There  are  usually  also  haemorrhagic  erosions 
visible  (see  below). 

Severe  vomiting  also  leads  to  passive  hyperemia,  apparently  by  the 
spasmodic  contraction  of  the  muscular  coat  obstructing  the  veins. 
Here  also  there  may  be  considerable  haemorrhage. 

Haemorrhage  occurs  under  a  considerable  variety  of  circumstances. 
Ulcers,  whether  simple  or  cancerous,  frequently  cause  it.  It  may 
result,  as  just  mentioned,  from  passive  hyperemia,  and  it  occurs  much 
more  rarely  in  scurvy,  purpura,  yellow  fever,  and  typhus. 

In  the  ease  of  ulcers  there  may  be  large  haemorrhages  from  the 
rupture  of  considerable  vessels.  In  passive  hyperaemia  there  is  rather 
a  leakage  from  the  superficial  vessels  of  the  mucous  membrane,  these 
being  least  supported,  and  the  blood  passes  chiefly  into  the  cavity  of 
the  stomach.  At  the  same  time  there  is  some  infiltration  of  the 
mucous  membrane  in  its  superficial  layers,  and  these  parts  being 
injured  by  the  blood  may  be  digested  by  the  gastric  juice.  In  this 
way  arise  small  flat  superficial  ulcers,  the  so-called  Hemorrhagic 
erosions.  These  are  generally  present  in  considerable  numbers, 
chiefly  in  the  pyloric  region.  In  the  erosions  there  may  be  still  some 
remains  of  blackened  blood,  and  alongside  them  there  are  little  areas 
of  mucous  membrane  infiltrated  with  blood.  In  these  cases  also  the 
mucous  membrane  often  presents  a  general  redness  from  the  passive 
hyperaemia,  and  may  be  thickened  by  catarrh. 

The  blood,  in  whatever  way  arising,  is  generally  mixed  with  the 
contents  of  the  stomach,  and  blackened  by  the  gastric  juice.  If  the 
haemorrhage  be  very  severe,  as  from  an  ulcer  perforating  a  considerable 
artery,  the  blood  may  be  vomited  nearly  in  the  fresh  state,  but  usually 
it  is  tarry  or  like  coffee-grounds.  The  altered  blood  will  also  pass  into 
the  duodenum  and  onwards. 

Blood  sometimes  accumulates  in  the  stomach  when  it  has  a 
different  source,  as  when  an  aneurysm  ruptures  into  the  pharynx  or 
oesophagus. 
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VI.— TUBERCULOSIS  AND  SYPHILIS  OF  THE  STOMACH. 

Tubercular  ulcers  are  rare  in  the  stomach,  although  very  frequent 
in  the  intestine.  They  sometimes  occur  in  cases  of  advanced 
phthisis  pulmonalis.  The  ulcers  are  more  superficial  than  those  in 
the  intestine,  resembling  rather  those  of  the  urinary  bladder,  although 
deeper  than  them.  The}'  have  overhanging  edges  and  granular 
floors. 

The  rarity  of  tubercular  ulcers  in  the  stomach  as  compared  with  the  intestine 
may  be  due  to  two  circumstances.  In  the  rirst  place  the  gastric  juice  will  inhibit 
the  tubercle  bacilli  in  their  passage  through  the  stomach,  and,  in  the  second 
place,  the  stomach  is  defective  in  closed  follicles,  which  in  the  intestine  are  the 
primary  seats  of  the  tuberculosis.  This  latter  fact  may  also  account  for  the 
smaller  size  and  more  superficial  character  of  the  ulcers. 

The  author  has  only  met  with  one  case,  and  in  it  the  patient  had  been  in  a 
state  of  extreme  inanition  for  some  weeks  before  death. 

Syphilis  is  also  excessively  rare  in  the  stomach,  but  Birch-Hirschfeld 
records  two  cases  in  his  Lehrbuch,  apparently  of  congenital  origin. 

Literature. — Coats,  Glasg.  Med.  Jour.,  xxvi.,  1886,  p.  53  ;  Kuhl,  Ueber  tuber- 
culose  Magengeschwiire,  1889;  Habebshon,  Path,  trans.,  1894,  p.  73.  Birch- 
HntscHFELD,  Lehrb.,  3rd  ed.,  1887,  ii.,  538. 

VII.—  TUMOURS  OF  THE  STOMACH. 

Cancer. — This  is  the  only  form  oi  tumour  which  is  of  much 
practical  importance,  and  it  is  of  exceedingly  frequent  occurrence. 
From  the  statistics  of  a  considerable  number  of  observers  it  appears 
that  cancer  occurs  more  frequently  in  the  stomach  than  in  any 
other  situation  in  the  body,  the  litems  being  the  next  most  frequent 
site. 

The  great  frequency  of  cancer  in  the  stomach  is  probably  related  to  the  fact 
that  the  epithelial  structures  of  this  organ  are  more  exposed  to  various  irritations 
than  those  of  any  other  part  of  the  body.  Not  only  are  there  varieties  of  irritating 
foods,  but  the  foods  are  liable,  as  we  have  seen,  to  decomposition,  the  products 
of  which  produce  irritation.  In  cases  of  cancer  there  is  very  commonly  a 
history  of  prolonged  dyspepsia,  perhaps  from  youth. 

In  this  relation  the  simple  ulcer  may  be  again  referred  to.  There  have  been 
cases  observed  in  which  cancer  seemed  to  originate  in  the  simple  ulcer ;  but  the 
simple  ulcer  is  a  disease  mostly  of  youth,  whereas  cancer  is  a  disease  of  middle 
life,  the  average  age  being  fifty  years.  It  is  almost  as  if  similar  causes  produced 
the  simple  ulcer  in  youth,  and  cancer  in  middle  life. 

In  its  Structure  and  Mode  of  growth,  cancer  of  the  stomach  con- 
forms to  cancer  elsewhere.  It  consists  of  epithelial  masses  contained 
in  a  stroma. 
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The  epithelium  originates  from  the  epithelium  of  the  mucous 
membrane  or  its  glands,  and  sometimes  it  retains  to  a  large  extent 
the  glandular  characters  (epithelial  cancer).  In  growing,  the  cancer- 
ous tissue  first  infiltrates  the  mucous  membrane  and  submucous 
tissue,  producing  thickenings  of  them.  It  also  insinuates  itself 
amongst  the  muscular  bundles,  frequently  separating  these  and 
replacing  them.  It  is  not  uncommon  to  find  in  the  muscular  coat 
almost  isolated  outposts,  the  cancerous  tissue  having  only  a  narrow 
connection  with  the  primary  tumour.  The  cancer  penetrates  through 
the  muscular  coat  to  the  subserous  tissue,  but  does  not  commonly 
involve  the  surface  of  the  peritoneum  except  in  the  case  of  colloid 
cancer  (see  under). 

In  their  growth  the  cancerous  processes  irritate  the  tissues,  and 
there  is  usually  a  considerable  infiltration  of  round  cells.  In  the 
more  chronic  infiltrating  forms,  there  is  a  great  new-formation  of 
connective  tissue,  constituting  scirrhous  cancer. 

As  the  cancer  in  its  growth 
causes  atrophy  of  the  proper 
tissue,  the  affected  part  of  the 
stomach  comes  to  be  composed 
more  or  less  of  cancer  tissue. 
This  is  less  calculated  to  re- 
sist the  disintegrating  action 
of  the  food  and  gastric  juice 
than  the  normal  mucous  mem- 
brane, and  hence  Ulceration 
is  a  very  frequent  result. 
This  will  occur  readily  in  the 
softer  and  more  superficial 
cancers,  and  as  these  are  the 
commoner,  it  is  usually  a  pro- 
minent feature. 

The  Cancerous  ulcer  (Fig. 
403)  is  usually  considerably  excavated,  and  there  may  be  pieces  of 
slough  in  its  floor.  Its  edges  are  prominent,  sometimes  overhanging, 
and  they  shade  off  into  the  normal  mucous  membrane.  In  its  central 
parts  the  ulcer  may  penetrate  deeply  sometimes  through  the  coats  of 
the  stomach  into  neighbouring  viscera,  as  the  liver  or  transverse  colon. 
On  the  other  hand,  the  floor  of  the  ulcer  may  be  partially  cicatrized. 
In  slow-growing  epithelial  cancers  the  ulcer  may  be  very  large  and, 
with  its  overhanging  edges,  may  occupy  a  large  part  of  the  stomach. 
Cancer  of  the  stomach  usually  begins  in  the  Pyloric  region,  although 


Fig.  40:1-  Ulcerated  cancer  of  stomach.  The  central 
depression  of  the  ulcer  and  the  prominent  infiltrated 
border  are  shown. 
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by  no  means  always.  In  extending  it  not  infrequently  takes  the 
form  of  a  Ring"  around  the  pyloric  region,  and  by  its  prominence 
and  sometimes  by  the  contraction  of  the  ulcer  may  lead  to  ob- 
struction. 

The  cancer  affects  surrounding  parts  both  by  Irritation  and  by 
Extension  of  the  cancerous  growth.  The  peritoneal  surface  is 
usually  the  seat  of  chronic  inflammation,  so  that  adhesions  are 
present,  sometimes  producing  great  matting  and  entanglements 
around  the  stomach.  The  cancerous  growth  also  sometimes  extends 
by  contiguity  into  organs  with  which  adhesions  have  been  contracted. 
chieHy  the  liver  and  transverse  colon. 

The  Lymphatic  glands  are  usually  affected,  in  the  first  place  those 
immediately  in  connection  with  the  stomach  at  the  lesser  and  greater 
curvatures,  but  also  the  prevertebral  glands.  A  very  frequent  exten- 
sion is  to  the  Liver  (which  see)  and  a  less  frequent  one  to  the 
Peritoneum. 

As  the  secondary  extension  of  cancers  of  the  stomach  and 
intestine  presents  many  points  in  common,  a  special  section  is  devoted 
to  the  subject  further  on. 

The  general  characteristics  of  cancers  of  the  stomach  have  been 
given  above,  and  several  forms  have  been  referred  to.  It  is  possible 
to  distinguish  four  different  forms,  which,  however,  are  not  absolutely 
separable 

1.  Cylinder-celled  epithelioma  {.\<hiu>i<l  cancer,  Malignant  adenoma). — In  this 
form  there  is  a  tolerably  definite  gland-like  new-formation,  as  we  have  in  other 
cases  of  cylinder-celled  epithelioma  (see  Fig.  138,  p.  307).  There  are  spaces 
lined  with  cylindrical  epithelium,  but  very  often  this  regular  arrangement  is 
lost  in  great  part,  and,  except  in  the  more  recently  formed  parts,  we  have 
more  irregular  masses. 

The  tumour  is  a  slowly  growing  one,  and  it  generally  involves  a  considerable 
portion  of  the  stomach  before  the  death  of  the  patient.  The  surface  is  nearly 
always  ulcerated,  and  may  be  considerably  excavated.  There  are  sometimes 
papillae  on  the  surface  of  the  tumour,  especially  at  the  marginal  parts,  which 
give  the  surface  a  warty  appearance. 

2.  Medullary  or  Soft  cancer. — This  form  is  closely  allied  to  the  preceding,  but 
the  cell  masses  are  larger  and  less  arranged  in  definite  gland-like  spaces,  while 
there  is  a  sparse  and  delicate  stroma.  The  tissue  is  soft,  and  it  is  specially 
liable  to  bleed  and  to  ulcerate.  The  latter  condition  is  so  frequent  and 
characteristic  that  the  tumour  often  presents  itself  as  a  round,  shaggy  ulcer, 
which  may  be  very  small  and  insignificant  in  appearance,  (see  Fig.  404).  The 
bleeding  may  be  slight  but  frequent,  or  it  may  be  more  considerable  and  even 
fatal.    This  form  very  commonly  shows  numerous  large  tumours  in  the  liver. 

3.  Scirrhus. — In  this  form  the  new-formation  of  epithelial  cells  is  not  very 
rapid  or  vigorous,  and  it  is  accompanied  by  an  excessive  formation  of  connective 
tissue  in  the  form  of  stroma.    Originating  in  the  glandular  epithelium,  long 
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processes  composed  of  rows  of  cells,  often  with  few  abreast,  are  produced. 
These  processes  seem  to  be  peculiarly  irritating,  as  they  give  rise  to  the 
production  of  round  cells  and  of  dense  connective  tissue,  which  are  sometimes 
more  manifest  than  the  proper  epithelial  elements.  These  elements  may,  in 
fact,  degenerate,  and  leave  little  besides  condensed  hard  connective  tissue. 

The  cancer  mostly  begins  in  the 
pyloric  region,  but  extends  inwards 
till,  in  some  cases,  it  has  involved 
the  entire  wall  of  the  stomach,  except 
the  fundus.  The  wall  of  the  stomach 
is  converted  into  a  stiff  hard  mass, 
which  may  be,  in  some  places,  an 
inch  in  thickness.  The  surface  of  the 
affected  portion  of  the  stomach  is 
irregular,  with  rounded  prominences, 
and  there  are  sometimes  ulcers  pre- 
sent, but  there  is  not  a  general  ulcera- 
tion as  in  the  case  of  the  epithelial 
and  medullary  forms.  The  affected 
portion  of  the  stomach  is  often  greatly 
contracted  in  this  disease,  especially 
the  pyloric  region. 

4.  Colloid  cancer. — The  forms  al- 
ready described,  and  especially  the 
epithelioma,  occasionally  undergo  a 
partial  colloid  degeneration,  but  in 
colloid  cancer  the  cells  have  a  special  tendency  from  the  first  to  undergo  colloid 
metamorphosis,  so  that  even  in  the  more  recent  parts  there  is  often  already  a  con- 
siderable advance  in  the  degeneration.  The  outlines  of  the  cells  disappear  as  the 
protoplasm  becomes  transformed  into  colloid  material,  and  as  the  nuclei  resist 
the  degeneration  longer,  we  sometimes  see  the  peculiar  appearance  of  oval  nuclei 
as  if  floating  in  a  clear  transparent  material.  Finally,  the  whole  epithelial 
elements  are  converted  into  colloid  material,  and  the  structure  presented  is  a 
beautiful  reticulated  network  with  spaces  filled  with  a  transparent  colourless 
jelly  (Fig.  141,  p.  309). 

As  the  colloid  material  occupies  more  space  than  the  original  cells,  the  spaces 
of  the  alveoli  are,  as  it  were,  tightly  packed  with  the  jelly,  and  the  fibres  of 
the  stroma  rendered  tense  and  rigid.  Hence,  although  the  structure  is  composed 
mainly  of  a  soft  jelly,  yet  it  is  to  the  feeling  hard  and  rigid,  just  as  a  tensely 
tilled  bladder  may  be. 

The  tumour,  like  other  cancers,  usually  begins  towards  the  pylorus,  but  it 
extends  gradually  till  it  conies  to  involve  a  large  area,  sometimes  even  as  much 
as  three  fourths  of  the  entire  extent  of  the  viscus.  The  wall  of  the  stomach  is 
converted  into  a  transparent  glancing  tissue,  and  in  the  more  advanced  parts 
it  is  impossible  any  longer  to  distinguish  the  different  coats,  all  being  homo- 
geneously replaced  by  the  cancerous  tissue.  The  wall  of  the  stomach  is 
considerably  thickened,  and  the  internal  surface  may  present  an  irregular  aspect 
with  prominences;  but  there  is  little  tendency  to  ulceration.  As  the  thickened 
wall  is  tense  and  hard,  the  stomach  when  cut  into  does  not  generally  collapse, 
■but  keeps  its  shape.     There  is  no  tendency  to  contraction  of  the  stomach 


Fig.  404.— Cancer  of  stomach  in  the  form  of  a 
circular  nicer  with  infiltrated  walls.  Fig.  42(3 
shows  secondary  tumours  in  the  liver  from  the 
same  case. 
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as  in  scirrhus,  but,  on  the  contrary,  the  organ  may  be  considerably  en- 
larged. 

This  form  has  a  very  marked  tendency  to  extend  continuously  both  along 
the  stomach  and  also  through  the  stomach  to  the  peritoneum.  Hence  it  produces 
secondary  tumours  in  the  peritoneum  itself  much  more  readily  than  in  the  lym- 
phatic glands  and  liver. 

The  remaining  tumours  of  the  stomach  are  of  trivial  consequence. 
We  have  already  seen  that  Mucous  polypi  and  Cysts  occur  in 
chronic  catarrh.  Lipomas  and  Myomas  have  been  met  with,  as  also 
Fibromas  and  Sarcomas,  but  they  nre  very  rare. 

Secondary  cancer  scarcely  ever  occurs  in  the  stomach.  There  may 
be  an  extension  from  the  lower  end  of  the  oesophagus  of  fiat-celled 
epithelioma,  and  a  few  cases  of  metastasis  have  been  observed. 

Literature. — Myoma  —  Verchow,  Geschwiilste,  iii.,  126.  Sarcoma  —  Wickham 
Lego,  St.  Barth.  Hosp.  Rep.,  x.,  1874;  Hardy,  Gaz.  des.  Hop.,  1878,  p.  25; 
Virchow,  Geschwiilste,  ii.,  325;  Tilger,  (with  literature)  Virch.  Arch.,  exxxiii., 
1893.  Cancer —  Rokitansky,  (Adenoma)  Lehrb.,  iii.,  155;  Hauser,  Magengeschwiir, 
Bezieh.  zur  Entwick.  des  Carcinoma,  18H3;  Moore,  (Cancer  in  child)  Path,  trans., 
xxxvi.,  1885;  Koster,  Die  Entwick.  der  Carcinome;  Ebstein,  Volkmann's  Vortrage 
1875,  No.  75;  Grawitz,  (Metastasis  of  cancer,  and  literature)  Virch.  Arch.,  lxxxvi., 
1881 ;  Coupland,  Path,  trans.,  xxvii.,  1876,  p.  264. 

E. — The  Intestines. 

Introduction. — The  diseases  of  the  intestines  resemble  in  many  re- 
spects those  of  the  stomach,  but  there  are  important  differences.  In 
structure  the  intestine  differs  from  the  stomach  in  several  respects.  We 
no  longer  have  the  specific  glands  peculiar  to  the  stomach,  but,  on  the 
other  hand,  the  intestine  presents  numerous  closed  lymphatic  follicles 
in  its  mucous  membrane,  and  these  are  only  present  to  a  very  slight 
extent  in  the  stomach.  These  lymphatic  follicles  are  solitary  or  col- 
lected into  groups,  in  the  latter  case  forming  the  well-known  Peyer's 
patches. 

After  leaving  the  stomach  the  food  passes  rapidly  through  the  upper 
part  of  the  small  intestine,  occupying  on  an  average  two  and  a  half  to 
three  hours  in  doing  so,  and  it  is  at  the  same  time  rendered  alkaline 
and  partially  protected  from  further  decomposition  by  the  pancreatic 
fluid  and  the  bile.  The  movement  of  the  intestinal  contents  is  effected 
by  the  peristaltic  contraction  of  the  bowel,  and  the  rapid  passage  of  the 
contents  through  the  small  intestine  indicates  that  here  the  peristalsis 
is  peculiarly  active,  whereas,  in  the  large  intestine,  it  is  slow.  When 
the  fueces  reach  the  large  intestine  they  are  still  fluid,  and  the  chief 
function  of  the  colon  seems  to  be  to  complete  the  absorption  of  the 


848 


THE  INTESTINES. 


fluid,  and  allow  the  feces  to  become  thicker.  But  if  the  peristaltic 
action  of  the  large  intestine  be  increased,  then  there  will  be  no  time 
for  the  faeces  to  become  thick,  and  fluid  evacuations  will  be  the  result. 
This  will  be  still  more  the  case  should  the  movement  of  the  small 
intestine  be  increased,  and  the  contents  carried  through  it  even  more 
quickly  than  usual. 

It  will  be  seen  that  Diarrhoea  results  from  increased  peristaltic 
movement,  and  that  the  evacuations  will  be  more  fluid  the  higher  up 
the  increased  movement  begins.  Certain  medicinal  agents  produce 
fluid  motions,  and  these  seem  to  act  generally  by  increasing  the 
peristalsis,  although  some  appear  to  produce  their  effects  by  causing 
a  transudation  of  fluid  into  the  canal  (Hay).  Irritating  articles  of  food 
produce  a  like  increase  of  the  peristalsis  and  consequent  diarrhoea,  and 
so  may  ulcers  and  inflammations. 

In  the  stools  in  diarrhoea  we  may  expect  to  find  chemical  constitu- 
ents which  normally  are  present  in  the  higher  parts  of  the  intestine,  but 
are  absorbed  before  reaching  the  rectum.  If  the  diarrhoea  arises  from 
increased  peristalsis  of  the  colon,  then  we  shall  find  material  which  is 
normal  in  the  caecum,  such  as  undecomposed  bile,  leucin,  chloride  of 
sodium,  peptones,  and  sugar,  some  of  which  are  present  in  appreciable 
quantities  in  normal  faeces.  But  if  the  diarrhoea  has  involved  the  small 
intestine,  then  we  shall  find  these  constituents  much  more  abundantly, 
and  also  remains  of  undigested  food. 

We  have  already  seen  in  the  case  of  the  stomach  that  many  of  its 
diseases  are  connected  with  the  fact  that  the  food  stagnates  and 
decomposes  in  that  viscus.  It  will  be  seen  from  what  has  gone  before 
that  the  intestinal  contents  stagnate  chiefly  in  the  Large  intestine, 
and  next  to  that  in  the  lower  part  of  the  small  intestine.  It  is 
probably  due  to  this  that  we  find  the  jejunum  peculiarly  free  from  all 
forms  of  disease ;  in  this  respect  contrasting  with  the  lower  part  of 
the  small  intestine,  the  ileum,  but  still  more  with  the  large  intestine. 
Hence  it  is  that  the  diseases  of  the  large  intestine  resemble  those  of 
the  stomach  much  more  than  do  those  of  the  small  intestine.  This  is 
especially  true  in  regard  to  simple  inflammations,  which  very  often 
are  concentrated  on  those  parts  where  the  intestinal  contents  most 
readily  stagnate,  namely,  the  caecum  and  the  rectum.  It  is  true  also 
of  cancer,  which  is  very  rare  in  the  small  intestine  but  common  in  the 
large,  especially  in  the  caecum  and  rectum. 

It  is  to  be  remembered,  further,  that  the  intestine  is  a  comparatively 
narrow  tube,  and  is  subject  to  obstruction  in  various  ways. 

Post-mortem  changes. — These  are  not  so  important  as  those  of  the  stomach. 
After  death  the  blood  is  apt  to  gravitate  towards  the  more  dependent  parts  of 
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the  wall  of  the  intestine,  and  the  colouring  matter  being  dissolved  out  and 
staining  the  mucous  membrane,  it  may  give  rise  to  a  deceptive  appearance  of 
inflammation.  Similarly  the  intestine  may  be  stained  with  the  biliary  colouring 
matter  in  the  neighbourhood  of  the  gall-bladder. 

Literature. — Cohnheim,  Allg.  Path.,  1882,  ii.,  132;  Nothnagel,  Phys.  u.  Path, 
•des  Darmes,  1884 ;  Hay,  Jour,  of  Anat.  and  Phys.,  xvii.,  1883  ;  Markwald,  Virch. 
Arch.,  lxiv.,  505,  1875. 

I. — MALFORMATIONS  OF  THE  INTESTINE. 

Congenital  malformations  of  the  intestine  are  of  considerable  fre- 
quency. The  most  important  are  those  in  which,  from  a  fault  of 
development,  a  part  of  the  intestine  is  wanting.  These  may  be  part 
of  a  general  malformation,  as  in  the  case  of  the  Siren-malformation 
{see  p.  58).  Of  the  more  local  malformations  the  most  important 
are  those  in  which  the  rectum  is  occluded.  These  cases  which  are 
included  under  the  name  Imperforate  Anus  (see  p.  56  and  Fig.  11) 
are  of  very  various  degrees  of  completeness.  The  rectum  may  be 
absent,  or  it  may  be  obstructed  in  its  course  or  at  the  anus,  the  most 
hopeful  cases  from  the  surgical  point  of  view  being  those  in  which 
only  the  extreme  lower  part  of  the  rectum  is  defective,  and  the  gut 
is  separated  from  the  anus  only  by  a  membrane. 

There  occur  also  narrowness  and  defect  of  the  small  intestine, 
especially  in  the  duodenum  and  lower  end  of  the  ileum.  The  whole 
intestine  is  sometimes  deficient  in  length,  having  something  like  the 
form  of  the  letter  S  instead  of  the  usual  convolutions.  In  such 
cases  the  absorption  and  digestion  of  food  must  be  defective,  but 
the  persons  may  live  on  to  old  age. 

The  commonest  malformation  is  Meckel's  diverticulum.  This  con- 
sists in  a  finger-like  projection  from  the  intestine.  It  occurs  in  the 
ileum,  about  three  or  four  feet  above  the  ileo-caecal  valve  in  the 
adult,  and  about  a  foot  above  it  in  the  new-born;  it  projects  from 
the  free  convex  border  of  the  gut.  It  is  from  one  to  six  inches 
long,  possessing  the  same  structure  as  the  intestine,  and  communi- 
cating with  the  latter  ;  it  is  narrower  in  its  calibre,  being  of  a  diameter 
rather  more  than  that  of  the  finger.  This  diverticulum  arises  by  the 
i  imperfect  closure  of  the  omphalo-mesenteric  duct,  and  sometimes  it  is 
united  to  the  umbilicus  by  a  cord.  Very  rarely  is  the  diverticulum  con- 
tinued to  the  umbilicus,  and  opens  there,  forming  an  Umbilical  fistula. 

Sometimes  the  diverticulum  gets  closed  more  or  less  completely 
at  its  orifice  by  a  fold  of  mucous  membrane  or  otherwise.  In  that 
case  the  accumulation  of  intestinal  secretion  in  it  may  give  rise  to 
the  formation  of  a  cyst,  the  Enterocystoma. 

3  H 


850 


THE  INTESTINES. 


False  diverticula. — The  small  intestine  is  sometimes  the  seat  of 
numerous  rounded  pouches  of  various  sizes,  which  are  situated  on  the 
attached  aspect  of  the  intestine,  extending  partly  into  the  mesentery. 
They  are  mostly  composed  of  mucous  and  serous  coats  alone,  as  if  the 
muscularis  had  been  defective  towards  the  mesenteric  attachment,  so 
as  to  allow  of  the  mucous  membrane  being  pushed  outwards. 

Literature. — Leichtenstekn,  in  Ziemssen's  Encycl.,  vii.,  1887 ;  Obth,  Path. 
Anat.,  1887,  i.,  764;  Fitz,  (Omphalo-mesenteric  remains,  cysts,  etc.)  Amer.  Joui\ 
of  Med.  Sc.,  July,  1884  ;  Both,  (Enterocystoma)  Virch.  Arch.,  lxxxvi.,  371,  1881. 

II.— EMBOLISM  AND  HEMORRHAGE. 

1.  Embolism  of  the  mesenteric  arteries. — Although  the  mesenteric 
arteries  are  not  end  arteries,  yet  embolism  of  the  larger  stems  some- 
times produces  haemorrhage  and  necrosis,  the  process  being  similar 
to  that  in  the  hemorrhagic  infarction.  The  haemorrhage  may  be 
very  considerable.  If  the  patient  survive,  the  slough  after  separa- 
tion leaves  an  Ulcer  (the  Embolic  ulcer,  Parenski). 

Very  few  cases  of  this  kind  have  been  examined  post  mortem,  and  in  these 
it  has  been  the  superior  mesenteric  which  has  been  plugged.  There  is,  however, 
some  reason  to  believe  that  embolism  of  the  inferior  mesenteric  may  have  similar 
results.  Both  of  these  vessels  have  anastomosing  communications,  but  they  are- 
insufficient  to  restore  the  circulation  in  the  central  parts  of  the  area  to  which 
the  vessels  are  distributed,  although  they  do  so  at  the  periphery.  Hence,  the 
infarction  is  less  in  extent  than  the  area  of  distribution.  The  subject  has  been 
very  fully  elucidated  by  the  experiments  of  Litten. 

2.  Hemorrhage. — Besides  the  rare  form  just  mentioned,  we  have 
haemorrhage  resulting  from  various  causes.  Ulcers  of  various  sorts 
lead  to  it,  especially  cancerous  and  typhoid.  Passive  hyperaemia  is 
also  not  infrequently  a  cause,  especially  when  it  depends  on  obstruc- 
tion of  the  portal  system  in  the  liver.  In  this  case  haemorrhage  is 
more  liable  to  be  from  the  large  intestine  than  the  small.  Intussuscep- 
tion and  hernia,  by  obstructing  the  vessels,  may  induce  haemorrhage 
by  a  local  passive  hyperaemia. 

Literature. — Litten,  Virch.  Arch.,  lxiii.,  1875  ;  Moyes,  (literature  fully)  Glasg. 
Med.  Jour.,  xiv.,  1880  ;  Gkawitz,  Virch.  Arch.,  ex.,  1887 ;  Pabenski,  Wien.  Med. 
Jahrb.,  iii.,  1876. 

III. — HERNIA  OR  RUPTURE. 

True  hernia  consists  in  a  protrusion  of  the  intestine,  omentum, 
or  other  abdominal  organ  into  a  sac  formed  by  a  prolongation  of 
the  peritoneum.  The  sac  may  project  externally,  or  it  may  be 
contained  within  the  abdomen,  and  so  we  may  distinguish  External 
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and  Internal  hernias.  The  hernias,  especially  the  external  ones, 
are  of  so  much  importance  in  a  surgical  point  of  view  that  full 
descriptions  are  given  in  the  surgical  and  anatomical  text-books, 
and  need  not  be  repeated  here,  except  in  outline. 

For  the  most  part  the  sac  is  an  entirely  abnormal  projection  of 
the  peritoneum.  An  exception  to  this  occurs  in  the  case  of  congenital 
inguinal  hernia,  in  which  the  sac  is  formed  by  the  persistence  of  a 
foetal  condition.  There  is  a  partial  exception  also  in  the  case  of  most 
internal  hernias,  where  the  sac  usually  arises  by  the  exaggeration 
of  an  existing  normal  pouch. 

Causation  of  hernias. — Hernias  are  usually  ascribed  to  the  ab- 
dominal contents  being  subjected  to  undue  pressure.  In  severe 
muscular  efforts,  such  as  are  involved  in  lifting  heavy  weights,  the 
glottis  is  closed,  and  the  muscles  of  expiration  fix  the  chest  and  ab- 
domen, the  contents  of  the  abdomen  being  subjected  to  severe 
pressure  by  the  contraction  of  the  muscles  of  the  abdominal  wall. 
If  there  is  any  part  of  the  wall  which  is  unduly  weak  a  bulging 
outwards  may  occur  here,  and  so  give  the  starting  point  for  the 
hernial  protrusion. 

In  this  connection  the  greater  frequency  of  hernia  on  the  right  side  may  be 
noted.  In  violent  exertions  the  right  arm  is  usually  more  used  than  the  left, 
and  as  the  chest  is  bent  over  to  the  left  side  to  counterbalance  the  strain  on 
the  right,  the  lower  surface  of  the  diaphragm  faces  more  to  the  right  and 
presses  the  viscera  towards  that  side.  It  is  clear  that  straining  at  stool  or 
otherwise  will  also  increase  the  pressure  on  the  abdominal  contents,  and  any 
excess  will  predispose  to  hernia. 

The  protrusion  takes  place  where  there  is  any  Weakness  of  the 
abdominal  wall.  The  external  hernias  occur  at  specially  unsup- 
ported parts  of  the  wall,  while  the  internal  ones  have  usually  a 
pouch  ready  made  as  a  starting  point.  The  abdominal  wall  from  its 
anatomical  conformation  is  weak  at  certain  points  in  every  person, 
but  there  may  be  congenitally  a  special  weakness,  which  in  some 
cases  seems  to  be  hereditary.  On  the  other  hand  when  the  ab- 
dominal contents  are  increased,  as  a  result  of  tumours,  fluid  accum- 
ulation, or  pregnancy,  the  stretched  wall  may  be  weakened.  It 
may  be  so  also  from  direct  injury  to  the  wall. 

Another  cause  is  sometimes  assigned  for  the  production  of  hernias, 
namely,  an  abnormal  elongation  of  the  mesentery.  It  is  supposed 
that  such  a  lesion  will  allow  the  intestine  to  impinge  unduly  against 
the  abdominal  wall,  especially  at  its  lower  parts. 

The  hernial  sac. — The  viscera  nearly  always  push  the  peritoneum 
before  them,  and  the  proper  sac  is  formed  by  the  peritoneum,  which 
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shows  a  remarkable  power  of  stretching.  But  there  are  cases  of 
protrusion  in  which  the  aperture  has  been  produced  by  actual 
rupture  of  the  peritoneum,  and  in  these  cases  the  hernia  may  be 
devoid  of  a  proper  sac.  These  cases,  however,  of  what  may  be 
called  False  hernia,  are  exceedingly  rare,  as  an  injury,  although 
tearing  the  muscular  wall  and  other  tissues,  generally  leaves  the 
elastic  peritoneum  uninjured  and  capable  of  protrusion. 

In  Congenital  hernias  the  sac  is  formed  of  peritoneum,  but  there 
has  been  no  actual  protrusion.  In  congenital  inguinal  hernia  the 
sac  is  formed  by  the  tunica  vaginalis,  whose  connection  with  the 
peritoneum  has  remained  patent.  In  congenital  umbilical  hernia 
the  peritoneum  is  prolonged  into  the  umbilical  cord  (see  p.  54). 

The  hernial  sac  usually  acquires  adhesions  to  the  structures 
among  which  it  is  protruded,  and  it  does  so  by  a  chronic  inflamma- 
tion. It  very  often  happens  also  that  the  contents  of  the  sac  become 
adherent  to  its  internal  surface  by  inflammation,  and  in  that  case 
the  hernia  is  irreducible. 

Forms  of  hernia. — It  is  not  necessary  to  enter  fully  into  the 
individual  forms  of  hernia,  and  of  the  external  ones  little  more  than 
an  enumeration  will  suffice. 

The  external  hernias  are,  (1)  Inguinal  hernia  in  the  congenital 
and  acquired  forms,  or,  as  otherwise  divided,  direct  and  oblique ; 
(2)  Femoral  hernia.  These  two  are  by  far  the  commonest  forms. 
Of  comparatively  rare  occurrence  are,  (3)  Hernia  of  the  sciatic 
notch ;  (4)  Perineal  hernia,  protruded  between  the  fibres  of  the 
levator  ani ;  (5)  Vaginal  hernia ;  (6)  Hernia  of  the  foramen  ovale ; 
(7)  Umbilical  hernia,  which  is  congenital  or  acquired,  in  the  former 
case  arising  by  protrusion  into  the  dilated  umbilical  cord ;  (8)  Ab- 
dominal hernia  occurring  in  various  parts  of  the  abdominal  wall, 
chiefly  towards  the  edges  of  muscles,  and  arising  by  tearing  of 
tendons  or  muscular  fibres,  hence  frequently  traumatic ;  its  com- 
monest situation  is  near  the  linea  alba;  (9)  An  interesting  form  of 
hernia  is  that  in  which  the  testicle  having  descended  imperfectly 
the  protrusion  takes  place  into  the  sac  around  the  misplaced  testis. 
This  sac  will  occupy  at  first  the  position  of  the  inguinal  canal,  but 
it  is  liable  to  enlarge  so  that  there  may  be  a  considerable  sac  in 
the  substance  of  the  abdominal  wall. 

Internal  hernia  comes  less  frequently  into  sight,  and  the  possi-  j 
bility  of  its  existence  is  apt  to  be  forgotten. 

1.  Diaphragmatic  hernia  is  perhaps  the  commonest.  There  is  a 
congenital  form  in  which  a  sac  is  protruded  through  one  of  the 
normal  apertures,  or  through  a  part  of  the  diaphragm  which  by 
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reason  of  defective  development  has  given  way.  The  protrusion 
is  into  the  chest,  and  the  sac  may  contain  intestine,  spleen,  liver, 
stomach.  There  is  also  an  acquired  form,  due  nearly  always  to 
some  injury  to  the  diaphragm,  and  the  hernia  is  frequently  devoid 
of  a  proper  peritoneal  sac. 

From  a  case  recorded  by  Dr.  Adams,  it  appears  that  a  tumour  growing  against 
the  diaphragm  (in  his  case  from  the  capsule  of  the  spleen)  may  so  weaken  it  as 
to  lead  to  hernial  protusion.  In  diaphragmatic  hernias  from  rupture,  a  large 
portion  of  the  abdominal  viscera  may  be  protruded. 

2.  Retroperitoneal  hernia  includes  cases  in  which  the  intestine 
passes  into  a  pre-existing  pouch  in  the  peritoneum,  greatly  enlarging 
and  filling  it.  The  hernial  sac  hence  lies  behind  the  peritoneum 
of  which  it  is  an  offset.  There  are  three  principal  pouches  in  the 
peritoneum  which  are  capable  of  giving  rise  to  such  hernias. 

The  fossa  jejuno-duodenalis  is  the  most  important.  It  exists  just  where  the 
jejunum  arises  from  the  duodenum,  and  lies  between  the  last  part  of  the  duo- 
denum, which  bounds  it  on  the  right,  and  the  aorta,  which  bounds  it  on  the 
left.  The  pouch  was  present,  according  to  Waldeyer,  in  about  70  per  cent,  of 
the  bodies  which  he  has  examined,  and  is  generally  large  enough  to  admit  the 
terminal  phalanx  of  the  thumb.  It  is  best  seen  when  the  jejunum  and  small 
intestine  generally  are  raised  and  carried  to  the  right,  so  that  the  origin  of  the 
mesentery  may  be  exposed.  The  little  pouch,  if  present,  is  then  seen  lying  in 
the  posterior  wall  of  the  abdomen  with  a  sharp  sickle-like  margin.  Sometimes 
a  fold  of  the  jejunum  passes  into  this  pouch,  constituting  a  hernia.  The  pouch 
may  be  greatly  enlarged  by  the  protrusion  of  further  portions  of  the  intestine 
into  it,  and  cases  have  been  recorded  in  which  the  entire  intestine  has  passed 
into  the  greatly  distended  sac. 

The  fossa  subcivcalis  has  its  seat  between  the  folds  of  the  meso-colon  ascendens. 
Into  this  pouch  the  intestine  is  very  rarely  protruded,  and  the  pouch  itself  only 
occurred  in  about  30  per  cent,  of  the  bodies  examined  by  Waldeyer. 

The  fossa  intersiymoidea  is  a  pouch  in  the  meso-colon  of  the  sigmoid  flexure 
lying  between  its  two  folds.  The  aperture  is  in  the  under  layer.  This  is  the 
commonest  of  these  pouches,  occurring  in  about  80  per  cent,  of  the  bodies,  but 
from  the  position  of  the  aperture  it  does  not  appear  ever  to  become  the  seat  of 
hernia. 

Contents  of  hernias. — The  parts  protruded  are  usually  the  intestine, 
and,  for  the  most  part,  the  more  movable  small  intestine.  Some- 
times also  the  great  omentum  is  carried  into  the  sac.  The  urinary 
bladder,  large  intestine,  or  any  part  of  the  contents  of  the  abdomen, 
may,  under  exceptional  circumstances,  pass  into  the  sac. 

As  the  contents  of  the  sac  are  unduly  exposed  to  pressure, 
stretching,  and  friction,  there  is  apt  to  be  a  Chronic  peritonitis 
set  up  in  the  wall,  especially  in  old  cases.    This  may  unite  the 
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loops  of  intestine  together.  In  the  case  of  large  hernias  with  wide 
necks  there  may  thus  be  produced  complete  matting  of  the  intestine. 
It  even  happens  that  if  the  hernia  be  such  as  to  allow  successively 
of  the  descent  of  any  part  of  the  small  intestine,  the  whole  of  the 
small  intestine  may  be  mutually  adherent. 

If  the  intestine  be  long  retained  the  chronic  inflammation  may 
induce  adhesion  of  the  intestine  to  the  internal  wall  of  the  sac, 
and  the  hernia  becomes  Irreducible.  It  may  be  irreducible  from 
other  causes,  such  as  narrowness  of  the  neck,  protrusion  of  an 
excessive  bulk  of  viscera,  etc. 

The  mode  of  descent  of  the  Large  intestine  merits  special  notice.  The  sigmoid 
flexure,  being  freely  movable,  may  be  protruded  just  like  the  small  intestine, 
and  the  caecum  or  transverse  colon  may  also  sometimes  pass  into  a  sac  in  a 
similar  fashion,  but  otherwise  the  large  intestine  having  no  mesentery  and  being 
only  partially  covered  with  peritoneum  does  not  usually  descend.  When  it  does 
its  descent  is  in  some  respects  comparable  with  that  of  the  testis  in  the  foetus. 
Before  its  descent  the  testis  lies  behind  the  peritoneum  and  is  only  partially 
covered  by  it.  As  it  descends  it  remains  with  only  a  partial  peritoneal  covering, 
and  even  in  the  tunica  vaginalis,  after  the  sac  has  separated  from  the  general 
peritoneum,  the  testis  lies  behind  with  its  posterior  aspect  free  of  peritoneum. 
And  so  in  a  hernial  sac,  the  caecum  may  be  carried  down,  but  in  its  new  position 
it  remains  only  partially  covered  with  peritoneum,  and  really  forms,  as  it  were, 
a  part  of  the  wall  of  the  sac.  This  will  only  occur  in  very  large  hernias  as  a 
rule,  but  when  it  does  occur  the  piece  of  intestine  will  be  irreducible. 

A  still  more  peculiar  condition  sometimes  occurs.  The  intestine  may  be  pro- 
truded mainly  at  the  part  where  it  is  uncovered  by  peritoneum,  and  instead  of 
pushing  a  peritoneal  sac  before  it,  it  may,  as  it  were,  drag  one  after  it.  As  the 
gut  is  protruded  it  may  even  get  more  and  more  stripped  of  peritoneum,  so 
that  the  hernia  may  be  much  more  extensive  than  the  sac.  This,  however,  is 
a  very  exceptional  occurrence,  and  it  is  more  common  to  find  that  as  an  ordinary 
hernia  advances  it  drags  the  colon  into  it,  so  that  besides  free  loops  of  small 
intestine  there  may  be,  fixed  in  the  wall  and  only  partly  covered  by  peritoneum, 
a  piece  of  the  caecum,  or  the  sigmoid  flexure,  or  even  the  fundus  of  the  bladder. 

In  a  similar  fashion  to  that  just  described,  the  ovary  may  be  protruded.  A 
large  majority  of  cases  of  Ovarian  hernia  are  congenital,  and  they  appear  to  arise 
by  a  fault  of  development  by  which  the  ovary  descends  as  the  testis  does  normally. 
The  ovary  passes  through  the  inguinal  ring  and  takes  a  sac  with  it,  but  just  like 
the  testis  it  is  itself  attached  to  the  wall.  The  sac  remains  open  like  the  tunica 
vaginalis  in  a  congenital  inguinal  hernia.  The  ovary  in  that  case  will  be 
irreducible,  unless,  as  sometimes  happens,  the  broad  ligament  is  so  long  as  to 
allow  the  ovary  to  pass  back  through  the  neck.  In  this  case,  however,  the 
ovary  will  still  have  its  fixed  attachment  in  the  sac.  Apart  from  this  congenital 
inguinal  form,  ovarian  hernias  may  be  acquired,  and  these  may  be  either  inguinal 
or  femoral. 

Strangulation  and  Incarceration. — These  terms  express  a  condition 
in  which  the  contents  of  the  sac  are  caught  tightly  at  the  neck,  so 
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that  there  is  not  only  a  hindrance  to  their  return  but  an  excessive 
pressure  interfering  with  the  circulation. 

This  mostly  occurs  when,  on  account  of  some  peculiarity  in  the 
situation  of  the  intestine  as  it  issues  from  the  sac,  there  is,  to 
begin  with,  a  partial  obstruction.  If  the  intestine  at  its  entrance 
into  the  sac  be  free,  while  at  its  exit  it  makes  a  sudden  bend  so 
as  to  cause  a  partial  obstruction,  then  the  faeces  will  pass  readily 
in,  but  will  accumulate  inside  as  they  do  not  find  free  exit.  The 
mere  loading  with  faeces  may  cause  irreducibility,  and  if  the  faeces 
decompose  the  development  of  gas  may  still  further  increase  the 
bulk  of  the  contents.  In  this  way  the  sac  will  become  too  full, 
and  as  the  neck  is  narrow  there  will  be  special  constriction  here. 
Again,  the  intestine  already  in  the  sac,  by  its  peristaltic  movement, 
may  drag  more  and  more  of  the  gut  after  it,  till  the  intestine  may 
become  impacted  at  the  neck. 

In  any  case  the  neck  of  the  sac  constricts  the  portion  of  intestine 
concerned,  and  the  most  direct  effect  is  Obstruction  of  its  veins. 
This  itself,  by  producing  hyperaemia,  and,  it  may  be,  oedema  of 
the  mucous  membrane,  leads  to  swelling  and  further  constriction. 
The  whole  protruded  piece  becomes  of  a  dark  colour  from  venous 
engorgement  and  haemorrhage.  Finally  the  pressure  may  be  enough 
to  close  even  the  arteries. 

The  venous  obstruction  alone  seems  sufficient,  if  complete,  to 
cause  necrosis  of  the  intestine,  and  so  Gangrene  is  an  occasional 
result.  If  the  arteries  are  also  obstructed  there  is  still  greater  pro- 
bability of  the  occurrence  of  gangrene. 

Sometimes  the  obstruction  is  relieved  before  gangrene  has  occurred,  and  yet 
in  some  of  these  cases  a  severe  inflammation  results  after  the  intestine  has 
been  returned  to  the  abdomen,  leading  on,  it  may  be,  ultimately  to  gangrene  of 
the  affected  piece  of  gut.  The  probable  explanation  of  this  is  that,  during  the 
incarceration,  the  blood-vessels  have  been  so  damaged  that,  on  the  restoration 
of  the  circulation,  they  are  no  longer  able  to  recover.  It  has  been  shown  by 
experiment  (in  the  ear  of  the  rabbit)  that  if,  by  ligaturing  the  main  arteries, 
the  vessels  of  the  part  are  deprived  of  blood  for  a  time,  and  then  the  circulation 
restored  by  loosing  the  ligature,  the  result  is  active  hyperemia,  acute  inflam- 
mation, or  the  hagmorrhagic  infarction,  according  to  the  time  during  which 
the  ligature  has  acted.  So  in  the  case  before  us,  the  release  of  the  constriction, 
by  allowing  of  the  re-establishment  of  the  circulation  in  vessels  seriously  com- 
promised, may  lead  to  inflammation  or  gangrene. 

Literature. — For  external  hernias  see  surgical  and  anatomical  works.  Wood, 
in  Ashurst's  Encycl.  of  Surg.,  1885,  v. ;  Bowditch,  Diaphragmatic  hernia,  1853 ; 
Garlick,  Path,  trans.,  1878,  xxix. ;  Baker,  (Pericardial  diaphragmatic)  ibid.,  1877, 
xxviii. ;  Adams,  Glasg.  Med.  Jour.,  1880,  xiv.,  p.  353;  Waldeyer,  Virch.  Arch., 
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1874,  lx.,  p.  65;  Balfour,  Edin.  Med.  Jour.,  1869;  Eve,  Lancet,  1885  ;  Englisch, 
(Ovarian  hernia)  Strieker's  Med.  Jahrbucher,  1871,  p.  335 ;  Albert,  (Hernia 
inflammata)  ibid.,  239. 

IV.— TWISTING  OF  THE  INTESTINE.  VOLVULUS. 

This  is  a  condition  of  frequent  occurrence,  but  one  which  is  perhaps 
too  little  borne  in  mind  as  a  cause  of  obstruction.  It  occurs  in  the 
great  majority  of  cases  at  the  Sigmoid  flexure  of  the  colon.  The 
descending  colon  above  the  flexure,  and  the  rectum  below  it,  have 
virtually  no  mesentery,  being  fixed  to  the  abdominal  wall.  The 
flexure  therefore  is  fixed  at  its  two  extremities  and  these  are  near 
one  another,  while  the  loop  forming  the  flexure  is  movable.  It 
is  as  if  the  loop  were  attached  by  its  two  ends  to  a  fixed  point, 
and  it  is  easy  to  understand  how  it  should  sometimes  twist  round 
this  as  an  axis.  The  twist  is,  as  it  were,  in  two 
half  turns  (see  Fig.  405),  and  it  is  usually  the 
upper  limb  of  the  loop  which  turns  round  the 
lower,  at  its  neck. 

The  twisting  causes  some  obstruction  of  the 
intestine,  but  this  is  not  usually  complete.  Faeces 
still  pass  into  the  flexure,  and  they  may  accumu- 
late in  enormous  quantity.  This  partial  obstruc- 
tion with  accumulation  of  fseces  may  persist  for 
months  and  lead  to  extreme  dilatation  of  the 
flexure,  so  that  it  may  fill  the  abdomen  and 
reach  up  to  the  diaphragm.  The  walls  of  the 
intestine  in  these  prolonged  cases  may  be  greatly 
thickened,  especially  the  muscular  coat.  In  some 
cases  twisting  may  exist  without  any  obstruction  of  consequence. 

While  twisting  is  most  common  in  the  sigmoid  flexure,  it  is  liable  to  occur 
also  when  other  parts  of  the  intestine  assume  similar  relations,  that  is  to  say, 
when  a  free  loop  of  small  intestine  becomes  fixed  at  its  extremities,  and  these 
extremities  are  near  each  other.  This  happens  most  frequently  when  one 
extremity  is  normally  fixed,  as  is  the  case  at  the  upper  and  lower  ends  of  the 
small  intestine,  where  on  the  one  hand  the  duodenum,  and  on  the  other  the 
colon,  is  fixed  to  the  abdominal  wall  and  holds  the  intestine  down.  If,  by 
inflammation  or  otherwise,  an  abnormal  adhesion  is  acquired  so  that  the  gut 
is  fixed  at  a  point  near  the  situation  of  the  natural  fixation,  then  twisting  is 
apt  to  occur,  and  probably  more  readily  here  than  in  the  sigmoid  flexure,  as 
the  small  intestine  is  naturally  more  mobile. 

The  author  has  recorded  a  case  in  which  a  peritonitis  had  fixed  the  small 
intestine  about  a  foot  above  the  ileo-caecal  valve,  so  as  to  bring  about  the 
conditions  named,  and  twisting  occurred  in  consequence.    A  fixation  may  also 


Fig.  405.— Twisting  of  the 
sigmoid  flexure.  The  upper 
limb  has  a  much  sharper 
turn  than  the  lower,  so  that 
a  flexible  tube  could  be 
passed  up  from  the  rectum. 
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be  brought  about  by  a  Meckel's  diverticulum  which  has  retained  its  connection 
with  the  umbilicus  (Coupland's  case). 

Literature. — Coats,  Glasg.  Med.  Jour.,  xiii.,  1880,  p.  445;  Coupland,  Path,  trans., 
xxxi.,  1880,  p.  144. 


V.— INTUSSUSCEPTION  AND  PROLAPSE  OF  THE  INTESTINE. 

1.  Intussusception  or  Invagination. — In  this  condition  one  portion 
of  the  intestine  passes  into  another.  In  order  that  one  piece  may 
slip  inside  another,  the  one  must  present  active  peristaltic  con- 
tractions, while  the  other  is  relaxed.  The  portion  narrowed  by  the 
violent  peristalsis  passes  inside  of  the  relaxed  part.  This  usually 
occurs  in  the  natural  direction  of  the  peristalsis,  but  it  may  be 
reversed. 

The  condition  is  most  frequent  in  children  in  whom  the  peri- 
stalsis is  very  active,  and  in  whom  also  the  large  intestine  is  more 
freely  movable  than  in  adults. 

These  conditions  are 
most  frequently  satis- 
fied at  the  junction  of 
the  small  and  large 
intestines.  The  large 
intestine  is  naturally 
wide,  and  its  peristal- 
tic movements  are 
sluggish.  If  then  the 
ileum  at  its  last  part 
presents  peculiarly 
violent  peristaltic  con- 
tractions it  may  pass 
into  the  large  intestine 
as  in  Fig.  406.  The 
invagination,  how- 
ever, is  not  usually  a 
simple  inversion  of 
the  ileum  into  the 
colon ;  in  most  cases  the  ileo-csecal  valve  is  carried  before  the  advanc- 
ing ileum  and  forms  the  apex  of  the  intruded  piece.  This  implies  that 
the  caecum  itself  is  carried  inwards  and  inverted,  and  the  orifice  of  the 
vermiform  appendage  is  sometimes  to  be  found  near  the  apex  of  the- 
invagination.  The  invagination  is  not  infrequently  very  extreme,  and 
the  invaginated  part  may  be  carried  right  on  to  the  rectum,  so  that, 
the  apex  may  be  felt  per  anum. 


Fig.  400. — Intussusception.  The  colon  is  laid  open  and  several 
coils  of  ileum  are  shown,  which  have  protruded  through  the  ileo- 
cecal valve.   One  of  the  coils  was  gangrenous. 
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Besides  this  form  we  also  meet  with  invagination  of  the  large 
intestine  itself,  one  part  into  a  succeeding  part.  It  occurs  but  rarely 
in  the  small  intestine. 

In  the  bodies  of  children,  especially  those  who  have  died  from  cerebral  or 
intestinal  affections,  we  frequently  meet  with  a  form  of  invagination  which  has 
produced  no  symptoms  during  life,  and  has  really  occurred  just  at  the  time  of 
death.  It  is  usually  present  in  the  small  intestine,  where  a  small  inversion  of 
one  part  into  a  succeeding  one  is  found.  The  invagination  is  easily  reduced  by 
slight  dragging,  and  there  are  none  of  the  secondary  changes  visible,  such  as 
are  to  be  mentioned  immediately  as  following  invagination.  Just  at  death,  or 
immediately  after  it  (as  may  be  frequently  seen  in  animals),  the  intestine  com- 
monly shows  violent  peristaltic  movements,  but  these  are  irregular,  and  it  readily 
happens  that  a  much  contracted  part  passes  inside  a  relaxed  portion. 

When  a  piece  of  intestine  is  invaginated,  there  are  three  tubes, 
the  outside  one  in  its  natural  position,  forming  the  sheath,  the 
internal  one,  which,  although  abnormal  in  position,  runs  in  the 
usual  direction,  and  the  middle  one  joining  the  other  two,  and  with 
its  mucous  surface  directed  outwards.  There  is  frequently  a  more 
complicated  condition  than  this,  the  intestine  being  tightly  packed  in 
several  layers.  The  mesentery  is  carried  in  with  the  intestine,  and 
by  being  dragged  on  at  one  side,  it  may  give  the  gut  a  somewhat 
oblique  direction.  In  the  process  of  invagination  the  peritoneal 
surfaces  are  applied  against  each  other  as  are  also  the  mucous.  It 
is  characteristic  of  the  peculiarities  of  these  two  structures  that  the 
peritoneal  surfaces  very  readily  coalesce  and  become  permanently 
adherent,  while  the  mucous  surfaces  do  not. 

The  packing  of  intestine  causes  considerable  interference  with  the 
circulation,  and  this  is  increased  by  the  mesentery  being  partly 
included  and  its  vessels  pressed  on.  The  obstruction  to  the  calibre 
of  the  intestine  is  thus  associated  with  hyperemia,  cedema,  haemor- 
rhage, inflammation,  and  even  gangrene,  just  as  in  an  incarcerated 
hernia.  The  inflammation  may  lead  to  general  peritonitis;  or  the 
separation  of  a  gangrenous  part  may  allow  of  the  escape  of  the 
intestinal  contents  and  lead  to  a  fatal  peritonitis.  On  the  other 
hand,  permanent  adhesion  may  occur,  between  the  sheath  and  the 
upper  end  of  the  included  part,  at  the  proximal  extremity  of  the 
invagination,  and,  the  inner  and  middle  tubes  becoming  gangrenous, 
they  may  come  away  in  whole  or  in  part,  as  a  slough,  and  the 
continuity  of  the  intestine  be  restored  with  the  loss  of  a  piece.  It 
is  not  usual  for  complete  gangrene  of  the  included  tubes  to  occur,  but 
what  remains  becomes  adherent  to  the  sheath,  and,  by  contraction, 
gradually  accommodates  itself,  and  so  the  calibre  is  fully  restored. 
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2.  Prolapse  of  the  intestine. — This  condition  is  the  protrusion  of 
the  intestine  outside  the  body  through  the  anus  or  through  an 
artificial  anus.  The  commonest  form  is  the  ordinary  Prolapsus  ani. 
This  on\y  occurs  when  the  sphincter  is  greatly  relaxed  by  catarrh 
or  by  violent  pressing  at  stool,  but  when  it  has  frequently  happened 
the  sphincter  atrophies  and  the  prolapse  occurs  very  readily. 

There  are,  strictly  speaking,  two  forms  of  prolapsus  ani.  In  the 
one  little  more  than  the  mucous  membrane  is  protruded,  and  is 
seen  to  be  continuous  with  the  skin  at  the  anus.  In  the  other 
form  there  is  really  an  invagination  as  well  as  a  protrusion.  The 
lower  part  of  the  rectum  is  so  fixed  that  the  whole  wall  cannot  be 
protruded,  but  only  its  mucous  membrane  as  in  the  form  just 
considered.  But  the  upper,  more  movable  part,  may  be  invaginated 
into  the  lower  part  and  then  protruded.  This  mostly  occurs  as  a 
consequence  of  violent  peristaltic  contraction  of  the  rectum  in  cases 
of  severe  diarrhoea  with  tenesmus. 

In  both  forms  the  exposed  mucous  membrane  becomes  inflamed 
and  is  liable  to  bleeding.  The  inflammation  sometimes  causes  through 
time  adhesion  and  fixation  of  the  bowel  in  its  abnormal  position. 

VI. — INFLAMMATION  IN  AND  ABOUND  THE  INTESTINE.  ENTERITIS. 

We  have  already  seen  that  the  mucous  membrane  is  frequently 
irritated  by  the  contents  being  of  an  obnoxious  nature  by  reason  of 
decomposition  or  otherwise.  In  addition  to  that,  inflammation  may 
be  produced  by  the  action  of  specific  morbid  poisons,  chiefly  those  of 
dysentery,  typhoid  fever,  and  cholera.  We  have  therefore  in  the 
first  place  to  consider  the  simple  inflammations  and  afterwards  these 
others. 

1.  Catarrh. — Catarrhal  inflammations  of  the  intestine  are  very 
common  in  children  and  can  usually  be  traced  to  the  character  of 
the  ingesta,  perhaps  along  with  exposure  to  cold.  The  common 
autumn  diarrhoea,  which  is  so  fatal  to  children,  is  generally  due  to 
improper  food.  Cold,  by  interfering  with  digestion  and  peristaltic 
action,  may  induce  the  intestinal  contents  to  stagnate  and  decompose. 
The  influence  of  the  intestinal  contents  in  producing  catarrhs  is 
shown  by  the  localities  at  which  inflammations  are  most  common. 
The  large  intestine  is  much  more  frequently  affected  than  the  small, 
and  in  the  large  intestine  the  caecum,  with  the  vermiform  appendage, 
is  the  most  frequent  seat,  and  next  to  that  the  rectum. 

The  catarrh  may  be  Acute  or  Chronic.  It  is  characterized  by 
hypersemia  and  swelling  of  the  mucous  membrane,  with  exudation 
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of  serous  fluid  and  leucocytes.  There  is  also  increased  secretion  of 
mucus,  which  in  the  case  of  the  colon  may  be  very  excessive.  The 
exudation  is  usually  Mucous  in  character,  but  in  the  more  acute 
inflammations  it  may  assume  more  or  less  of  a  Purulent  character. 
If  this  be  the  case  the  mucous  membrane  is  liable  to  be  infiltrated 
with  inflammatory  cells,  and*  after  a  time  to  undergo  Ulceration. 
This  occurs  with  peculiar  frequency  in  the  caecum,  and  next  to  it  in 
the  rectum. 

Catarrhal  ulcers  are  usually  of  considerable  area  and  comparatively 
superficial.  Neighbouring  ulcers  may  coalesce  so  as  to  produce 
extensive,  variously  shaped  losses  of  substance,  in  the  midst  of  which 
the  remaining  mucous  membrane  appears  as  raised  patches  with 
irregular  outline.  Sometimes  the  floor  of  the  ulcer  is  so  smooth,  and 
the  remaining  mucous  membrane  so  irregular  from  inflammatory 
infiltration,  that  it  looks  as  if  the  ulcer  were  the  normal  mucous 
membrane  and  the  patches  of  persisting  mucous  membrane  adventi- 
tious. The  ulcers  of  ordinary  catarrh  are  superficial,  and  unless 
exposed  to  continued  irritation,  as  by  the  prolonged  presence  of 
hard  faeces,  they  do  not  tend  to  perforation,  and  readily  heal  when 
the  cause  of  catarrh  is  removed. 

In  the  course  of  catarrhs,  ulcers  also  arise  from  the  Closed  follicles. 
There  are  indeed  some  catarrhs  in  which  the  latter  are  mainly 
affected,  appearing  as  rounded  prominences  and  flat  elevations, 
corresponding  to  the  solitary  follicles  and  Peyer's  patches.  This 
form  is  called  Follicular  enteritis.  The  follicles  may  be  so  infiltrated 
with  inflammatory  products  as  to  form  virtually  small  abscesses 
resulting  in  crater-shaped  ulcers  which  may  afterwards  enlarge.  In 
this  way  arise  the  so-called  Follicular  ulcers. 

A  frequent  result  of  catarrh  is  Atrophy.  This  occurs  as  part  of 
the  induration  of  the  mucous  membrane  which  follows  chronic  in- 
flammation. The  atrophy  affects  first  the  mucous  membrane,  its 
glands  being  specially  involved,  but  it  may  extend  to  the  submucosa 
and  even  to  the  muscular  coat.  According  to  Nothnagel,  atrophy  is 
of  very  frequent  occurrence. 

Another  result  is  Hypertrophy  of  the  mucous  membrane  such  as 
we  find  so  frequently  in  the  case  of  the  stomach.  Here  also  there 
may  be  Mucous  polypi  (see  Fig.  407)  and  Cysts  as  in  the  stomach. 
They  are  most  frequent  in  the  large  intestine,  and  if  seated  in  the 
rectum  they  may  project  through  the  anus. 

A  condition  of  not  infrequent  occurrence  is  Enteritis  membranacea.  In  this 
disease  considerable  pieces  of  membrane  are  passed  at  stool,  sometimes  in  hollow 
cylinders  as  if  casts  of  the  intestine.     These  are  composed  of  mucus,  with 
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epithelium  entangled  in  them.  They  are  generally  regarded  as  the  result  of 
chronic  catarrh  of  the  large  intestine,  but  Nothnagel  asserts  that  inflammation 
is  not  necessary,  and  that  it  may  be  the  result  merely  of  defective  peristaltic 
action  allowing  of  accumulation  of  mucus  in  the  folds  of  the  large  intestine. 
Hence  Nothnagel  suggests  the  name  Colica  mucosa. 


2.  Phlegmonous  and  Diphtheritic  inflammations. — Some  cases  of 
catarrh  have  a  more  acute  character,  and  assume  the  characters  of 
suppurative  or  phlegmonous  inflammation,  the  conditions  approxi- 
mating to  those  in  severe  dysentery  (see  further  on).  Such  conditions 
are  due  to  peculiar  virulence  in  the  intestinal  contents,  and  may 
be  brought  about  by  irritant  poisons  such  as  corrosive  sublimate. 
There  may  also  be  an  acute  inflammation  in  diphtheria,  The  relation 
of  these  conditions  to  the  intestinal  contents  is  shown  by  the  fact  that 
they  occur  chiefly  in  the  large  intestine  and  in  the  parts  where  the  con- 
tents are  especially  prone  to  lie,  namely,  caecum,  flexures,  and  rectum. 

3.  Localized  inflammations. — It  has  already  been  indicated  that 
certain  localities  are  more  liable  to  inflammation  than  others,  and 
as  the  inflammations  of  certain  of  these  regions  present  special 
points  of  importance  they  have  received  special  names. 


Fig.  4()7. — Mucous  polypus  from  rectum.  Above,  the  wall  of  the  intestine  is  shown 
with  muscular  and  mucous  coats.  The  small  tumour  hangs  downwards  from  the 
mucous  membrane.  It  is  (  (imposed  of  hypertrophied  and  (edematous  mucous  mem- 
brane with  its  glands,    x  3. 
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Duodenitis  is  usually  an  extension  of  a  catarrh  of  the  stomach, 
and  it  would  not  warrant  any  special  reference  except  from  the 
fact  that  the  Common  bile  duct  often  takes  part  in  the  catarrh, 
and  we  have  obstruction  and  Icterus  sometimes  resulting  from  this 
simple  cause. 

Typhlitis  and  Perityphlitis  designate  conditions  which  require 
very  special  notice.  These  two  terms  mean  respectively  inflammation 
in  and  around  the  caecum,  but  they  are  frequently  used  so  as  to 
include  inflammations  in  connection  with  the  vermiform  appendage. 

In  some  cases  the  caecum  is  very  seriously  inflamed  and  ulcerated, 
especially  when  large  masses  of  hard  faeces  lodge  in  it.  Under  these 
circumstances  the  ulcers  may  increase  in  depth,  and  extend,  in  the 
posterior  part  of  the  wall  where  the  gut  is  not  covered  by  peritoneum, 
through  the  entire  thickness  of  the  intestine  so  as  to  penetrate  into 
the  retro-peritoneal  connective  tissue.  The  result  is  acute  inflam- 
mation in  this  region,  often  going  on  to  the  formation  of  Abscess, 
a  condition  designated  Perityphlitis. 

Inflammations  in  connection  with  the  Vermiform  appendage. 
Appendicitis.  —Acute  inflammations  in  this  region  much  more  fre- 
quently arise  in  connection  with  the  appendix  than  with  the  caecum. 
Inflammations  are  frequently  caused  by  the  presence  of  Foreign 
bodies  in  the  appendage.  Any  hard  substance  lying  in  the  caecum 
may,  if  small  enough,  pass  into  the  vermiform  appendage.  In 
this  way  apple,  grape,  cherry,  or  orange  seeds  are  said  to  get  into 
it.  But  much  more  frequently  pieces  of  hardened  faeces  are  met 
with,  and  as  these  become  dry  and  frequently  assume  the  shape  and 
appearance  of  cherry  or  orange  stones,  they  are  frequently  mistaken 
for  them.  This  occurs  all  the  more  because  the  inspissated  faeces 
are  often  coated  with  phosphates  which  form  a  kind  of  rind. 

The  presence  of  the  foreign  body  causes  inflammation  of  the  mucous 
membrane,  and  this,  from  the  continued  pressure  and  confined  space, 
readily  results  in  ulceration.  To  these  conditions  the  term  Appendi- 
citis is  properly  given,  but  it  is  often  extended  to  the  resulting 
lesions,  which  are  much  more  important  than  those  of  the  appendage 
itself.  The  ulcers  frequently  penetrate  through  the  appendage  and 
lead  to  peritonitis.  As  a  general  rule  the  appendage  has  acquired 
adhesions  before  actual  perforation  occurs,  and  so  the  peritonitis  is 
limited  by  the  adhesions.  But  the  inflammation  is  apt  to  return, 
and  not  infrequently  results  in  the  formation  of  recurring  abscesses. 
The  bursting  of  one  of  these  into  the  cavity  of  the  peritoneum 
often  leads  to  Fatal  peritonitis.  Sometimes  the  suppuration  in 
connection  with  the  vermiform  appendage  is  in  the  Subperitoneal 
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tissue.  An  abscess  so  produced  may  extend  long  distances  beneath 
the  peritoneum. 

The  author  met  with  a  case  in  which  an  abscess  connected  with  the  vermiform 
appendage  extended  across  the  brim  of  the  pelvis  to  the  left  side  of  the  abdomen, 
and  thence  upwards  beneath  the  peritoneum  till  it  reached  the  diaphragm.  It 
then  penetrated  the  diaphragm  and  discharged  itself  into  the  pleural  cavity. 

Proctitis  and  Periproctitis  are  inflammations  in  the  rectum  and 
around  it,  of  an  equivalent  character  to  those  in  and  around  the 
caecum.  If  the  ulceration  leads  to  perforation  and  the  formation 
of  abscess,  then  the  disease  may  have  a  very  chronic  course  with 
fistula?  discharging  into  the  rectum.  Sometimes  these  open  exter- 
nally, or  into  the  vagina,  and  they  may  retain  their  communication 
with  the  rectum,  so  forming  false  passages  for  the  faeces  and  flatus  ; 
or  the  internal  aperture  may  close,  leaving  merely  an  external  fistula. 

Literature. — Catarrh — Nothnagel,  Phys.  u.  Path,  des  Darmes,  1884 ;  Goodhart, 
(Casts  from  intestine)  Path,  trans.,  1872,  xxiii.,  98;  Woodward,  Med.  and  surg. 
hist,  of  war  of  rebellion,  Part  2,  vol.  i.,  1879 ;  Baur,  (Perityphlitis)  Ziemssen's 
Encycl.,  viii.,  1878;  Steiner,  Path.  Anat.  des  Wurmfortsatzes,  1882;  Cornil, 
Arch,  de  Phys.,  iii.,  1873  ;  Coats,  Brit.  Med.  Jour.,  1875,  i.  ;  Barker,  ibid.,  1893, 
i.,  993;  Kelynack,  Path,  of  the  Vermif.  append.,  1893;  Hawkins,  Diseases  of  the 
Vermif.  append.,  1895. 

VII. —SPECIFIC  INFLAMMATIONS  OF  THE  INTESTINE. 

1.  Dysentery. — In  this  disease  we  have  a  violent  inflammation 
determined  by  the  presence  of  an  intense  irritant.  The  disease 
occurs  in  a  sporadic  and  an  endemic  form.  As  already  mentioned, 
the  infective  agent  is  believed  to  be  an  animal  parasite,  the  amoeba 
coli  (see  page  366). 

The  virus  is  introduced  chiefly  by  the  drinking  water,  and  it 
acts  on  the  mucous  membrane  directly.  The  locality  of  the  lesion 
is  apparently  determined  by  the  stagnation  of  the  contents.  It  is 
essentially  a  disease  of  the  large  intestine,  and  is  generally  most 
intense  in  the  rectum.  It  usually  decreases  in  intensity  from  the 
rectum  upwards,  but  not  uniformly,  there  being  more  affected  and 
less  affected  parts,  the  former  corresponding  usually  with  the  flexures. 
In  severe  cases  the  whole  colon  is  affected,  and  sometimes  even  the 
lower  part  of  the  ileum. 

In  the  earlier  stages  the  mucous  membrane  is  swollen  by  serous 
exudation,  soft  and  juicy,  and  it  is  thrown  into  folds,  on  the  summits 
of  which  it  is  peculiarly  hyperemia  The  surface  is  covered  by  a 
mucous  or  grumous  material,  consisting  of  shed  epithelium  with  mucus 
and  inflammatory  exudation.    The  mucous  membrane  and  submucous 
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tissue  are  infiltrated  with  serous  fluid  and  leucocytes  in  great 
abundance. 

In  higher  degrees  the  mucous  membrane  is  still  more  thickened 
and  thrown  into  still  more  prominent  folds.  There  is  also  con- 
siderable haemorrhage  in  its  substance  occasionally.  The  summits 
of  the  folds  being  specially  exposed  to  mechanical  irritation  commonly 
undergo  Necrosis,  and  the  sloughs  are  generally  distinguishable  by 
the  Brown  colour  which  they  assume  from  becoming  stained  with 
the  bile  pigment.  The  necrosis  involves  the  mucous  membrane 
to  varying  depths,  sometimes  very .  superficially,  sometimes  through 
its  whole  thickness,  and,  if  the  slough  surrounds  the  gut,  we  may 
have  a  ring  of  necrosed  tissue  ultimately  discharged  by  the  anus. 

These  sloughs  leave  Ulcers  behind,  whose  walls  present  great 
infiltration  of  leucocytes.  But  ulcers  form  also  by  processes  similar 
to  those  in  catarrh,  namely,  by  inflammatory  infiltration  and  molecular 
destruction  of  the  mucous  membrane,  and  by  suppuration  of  and 
around  the  closed  follicles. 

In  some  cases  the  solitary  follicles  seem  to  be  specially  engaged,  and  some 
authors  even  distinguish  a  follicular  form  of  dysentery,  but  the  follicles  are 
probably  affected  in  the  early  stages  of  almost  all  cases,  and  partake  in  the 
general  inflammation.  By  suppuration  of  the  follicles  there  may  be  the  forma- 
tion of  numerous  ulcers  with  small  apertures. 

The  contents  of  the  intestine  are  in  severe  cases  formed  of  dark 
decomposing  material,  mixed  with  blood.  The  mesenteric  glands 
are  always  secondarily  affected,  being  enlarged  and  hypersemic. 

If  the  patient  survive  the  acute  attack,  the  disease  very  commonly 
passes  into  Chronic  dysentery.  The  ulcers  formed  in  the  various 
ways  described  above  show  little  tendency  to  heal,  but  remain  as 
open  discharging  sores.  Sometimes  they  penetrate  more  deeply, 
and  lead  to  abscesses  in  the  surrounding  tissue,  especially  of  the 
rectum  (Periproctitis).  The  remaining  mucous  membrane  is  swollen 
and  in  a  state  of  catarrh.  The  intestinal  wall  is  irregularly  drawn 
in  and  adherent  to  the  surrounding  parts. 

In  some  cases  a  tendency  to  Healing  manifests  itself.  If  the 
attack  has  been  slight  and  the  ulceration  only  superficial,  there 
may  be  a  complete  restoration  of  the  mucous  membrane,  with  in- 
significant cicatrices.  But  for  the  most  part  the  cicatrices  are  of 
considerable  superficial  extent,  perhaps  surrounding  the  gut.  The 
cicatrices  of  dysentery  have  usually  a  dark,  almost  a  black  colour. 
When  the  cicatrices  in  the  usual  fashion  contract,  they  cause  narrow- 
ing of  the  intestine,  and  this,  in  some  cases,  is  very  considerable. 
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Alternating  with  the  narrowing  there  is  very  commonly  dilatation 
of  the  more  healthy  parts,  so  that  a  very  remarkable  pouching  of 
the  colon  may  result,  the  narrowed  parts  being  probably  adherent 
to  the  tissues  around.  The  obstruction  produced  in  this  way  is  all 
the  greater  because  the  contraction  often  throws  the  remaining 
mucous  membrane  into  folds  which  may  act  as  valves  to  the  con- 
stricted part. 

The  symptoms  of  dysentery  often  continue,  in  the  chronic  form,  after  healing 
of  all  the  ulcers  has  occurred.  In  that  case  along  with  the  cicatricial  contraction 
mentioned  above,  there  is  a  very  marked  atrophy  of  the  coats  of  the  intestine, 
so  that  the  wall  is  very  thin  and  translucent.  There  will  also  be  considerable 
adhesion  to  surrounding  parts. 

2.  Cholera. — In  addition  to  the  epidemic  disease  known  as  Asiatic 
cholera,  there  is  a  condition  known  as  Cholera  nostras.  The  re- 
searches of  Koch  have  demonstrated  the  connection  between  Asiatic 
cholera  and  the  comma  bacillus.  It  is  probable  that  cholera  nostras, 
.and  choleraic  diarrhoea  may  be  produced  by  microbes  of  allied,  but 
not  identical  characters  (see  p.  346). 

The  phenomena  of  cholera  are  those  of  a  very  violent  irritation 
of  the  mucous  membrane  of  the  intestine.  During  life  the  disease 
is  characterized  by  the  discharge  of  extremely  fluid  stools,  which, 
from  the  intermixture  of  finely  divided  material,  give  the  character- 
istic Rice-water  appearance.  Sometimes  a  patient  dies  without  the 
bowels  having  been  moved,  and  in  that  case  the  latter  are  found 
distended  with  the  rice-water  discharge.  The  flakes  which  give  their 
character  to  the  rice-water  evacuations  are  not  so  much  composed 
of  desquamated  epithelium  as  of  little  masses  of  mucus  containing 
leucocytes.  After  death  the  epithelium  may  be  found  loose  in  the 
intestine,  but  this  appears  to  be  from  post-mortem  maceration,  for, 
if  examined  sufficiently  early,  the  epithelium  is  found  apparently 
normal. 

It  is  obvious  that  there  is  here  an  enormous  transudation  from 
the  vessels  of  the  intestine.  The  chemical  character  of  the  discharge, 
however,  seems  to  indicate  that  it  is  not  a  mere  inflammatory  exuda- 
tion from  the  vessels,  but  rather  a  secretion  from  the  glands.  Its 
specific  gravity  is  low,  1006  to  1013.  There  is  very  little  albumen 
present,  and  the  discharge  contains  a  ferment  which  has  the  power 
of  converting  starch  into  sugar. 

The  most  marked  post-mortem  appearance  is  a  remarkable  rosy 
injection  of  the  vessels  in  all  the  coats  of  the  intestine,  so  that  a 
red  appearance  is  visible  even  in  the  serous  coat  whenever  the 
body  is  opened.    The  mucous  membrane  is  swollen  and  the  closed 
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follicles  prominent.  Occasionally  there  is  a  decidedly  inflammatory 
condition  present,  which  may  be  even  of  a  dysenteric  character. 

The  condition  of  the  other  parts  of  the  body  is  directly  referable  to  the 
enormous  withdrawal  of  water  from  the  blood.  The  blood  itself  is  thick,  dark, 
and  imperfectly  coagulated.  The  skin,  serous  membranes,  and  all  the  soft  tissues 
are  shrunk,  dry,  and  parchment-like.  The  membranes  of  the  brain  are  fre- 
quently injected.  The  kidneys  present  the  characters  of  a  slight  parenchymatous 
inflammation. 

3.  Typhoid  fever.— This  disease  is  also  due  to  the  action  of  a 
specific  microbe  (see  p.  341),  and  is  characterized  by  a  lesion  in  the 
intestine.  The  morbid  poison  finds  entrance  by  the  intestine,  and 
produces  irritation  of  the  follicles  and  in  its  further  passage  of  the 
mesenteric  glands. 

The  Affection  in  the  intestine  consists  of  an  inflammatory  swelling 
of  the  closed  follicles  and  of  the  mucous  membrane  in  their  neigh- 
bourhood, the  inflammation  often  going  on  to  necrosis  and  sloughing. 
The  disease  has  usually  its  point  of  greatest  intensity  at  the  lower 
extremity  of  the  ileum,  and  it  is  often  possible  to  see  various  stages 
of  tha  process  in  proceeding  from  above  downwards  through  the 
small  intestine  till  it  culminates  close  to  the  ileo-csecal  valve. 

In  the  normal  state,  especially  in  the  adult,  the  Peyer's  patches 
and  the  solitary  follicles  are  very  slightly  prominent.  The  patch 
viewed  from  the  surface  shows  a  congeries  of  shallow  depressions 

separated  by  slightly  elevated  ridges,  which 
run  in  from  the  general  mucous  membrane,, 
and  form  a  kind  of  network.    It  is  in  the 


depressions  that  the  follicles  are  placed.  In 
typhoid  fever  there  is  at  first  a  general 
swelling  of  the  patch ;  it  is  an  inflammatory 
swelling  accompanied  by  abundant  infiltra- 
tion of  leucocytes  which  occupy  both  the 
closed  follicles  and  the  mucous  membrane. 
The  patch  is  obviously  raised  and  its  margins 
somewhat  abrupt  (Fig.  408,  a).  Viewed  from 
the  surface  there  is  at  this  early  stage  simply 
an  exaggeration  of  the  normal  appearance. 
The  ridges  of  mucous  membrane  are  swelled 
so  that  the  depressions  are  more  hidden,  and 
an  appearance  is  produced  which  has  been  compared  to  that  of  the 
convolutions  of  the  brain  in  miniature.  The  swollen  patch  has  a  pinkish 
or  whitish  colour.  At  the  same  time  the  solitary  follicles  show  them- 
selves as  elevations  at  intervals. 


Fig.  408.— Diagrammatic  re- 
presentation of  Peyer's  patches 
in  typhoid  fever,  a,  early  stage 
with  swelling  of  the  patch  ;  b, 
later  stage  with  sloughing ;  c, 
ulcer  with  infiltrated,  walls. 
(Thierfelder.) 
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As  time  goes  on  the  whole  tissue  gets  more  and  more  infiltrated 
with  leucocytes  (Fig.  409),  and  the  raised  patch  gets  more  solid 
and  its  surface  more  homogeneous.     The  invasion  of  round  cells 


Fig.  409.  —  Portion  of  a  Peyer's  patch  in  an  early  period  of  typhoid  fever,  a,  mucous 
membrane  which  becomes  raised  when  the  swollen  patch  is  reached  ;  b,  internal 
layer,  and  c,  external  layer  of  muscular  coat ;  rf,  swollen  patch  composed  of  round 
cells  with  dilated  blood-vessels.  At  the  right  of  the  section  the  round  cells  are 
invading  the  submucous  tissue  and  approaching  the  muscular  coat.     X  10. 

extends  to  the  submucous  and  muscular  coats,  even  to  the  serous, 
and  passes  to  some  extent  beyond  the  patch.  A  similar  condition 
occurs  in  the  solitary  follicles ;  they  also  present  a  marked  increase 
in  size,  and  are  less  defined,  by  reason  of  the  infiltration  around 
them. 

On  this  condition  follows  Necrosis  (Fig.  408,  b).  The  infiltrated 
and  altered  patch  or  solitary  follicle  forms  a  slough,  of  larger  or 
smaller  size.  This  slough  remains  adherent  for  a  time,  and  like 
all  sloughs  in  the  intestine  it  becomes  brown  or  yellow  from  the 
biliary  colouring  matter,  which  stains  dead  tissue,  while  the  living 
structures  are  able  to  resist  it.  Generally  there  is  a  single  slough 
on  a  Peyer's  patch,  not  involving  the  whole  patch,  but  of  consider- 
able superficial  extent  (see  figure).  Sometimes  there  are  several 
sloughs  corresponding  to  some  of  the  closed  follicles  of  which  the 
patch  is  made  up. 

After  a  time  the  slough  separates  and  an  Ulcer  is  left  with  in- 
filtrated base  and  margins  (Fig.  408,  c).  The  ulcers  are  confined  to 
the  patches  and  solitary  follicles,  so  that  they  repeat  their  shape 


868 


THE  INTESTINES. 


and  locality.  The  walls  are  succulent  and  vascular,  and  consider- 
able haemorrhage  may  occur  from  them.  The  ulceration  may  extend 
more  deeply  than  the  mucous  membrane,  involving  a  necrosis  of 
the  muscular  and  even  of  the  serous  coat,  so  that  Perforation  may 
result.  Perforation  may  occur  in  one  of  two  ways.  In  the  first 
place  an  ulcer  may  extend  in  depth  till  it  penetrates  through  the 
muscular  and  serous  coats.  In  this  case  the  process  is  somewhat 
gradual,  and  there  is  generally  an  inflammation  of  the  peritoneum 
sufficient  to  cause  adhesion  and  prevent  the  intestinal  contents 
passing  into  the  abdominal  cavity.  In  the  second  place,  perforation 
sometimes  occurs  in  a  manner  comparable  to  the  perforation  of  the 
pleura  in  phthisis  pulmonalis  which  leads  to  pneumothorax.  The 
serous  coat  is  undermined  by  the  ulcer,  and  as  its  nutrition  is  cut 
off  it  undergoes  necrosis.  In  such  cases  the  brown  slough  may  be 
visible  on  viewing  the  intestine  externally.  A  partial  separation 
of  the  slough  may  allow  of  perforation,  and  as  this  form  is  more 
acute  and  not  so  likely  to  be  accompanied  by  considerable  adhesions, 
the  contents  of  the  intestine  are  more  apt  to  escape  into  the 
peritoneal  cavity  and  produce  fatal  peritonitis. 

When  Recovery  takes  place 
from  the  fever,  the  process 
in  the  intestine  retrogrades. 
According  to  the  stage  reached 
will  be  the  exact  process  of 
resolution.  If,  in  any  part, 
ulceration  has  not  yet  oc- 
curred, then  there  is  a  gra- 
dual diminution  of  the  patch 
and  a  return  to  the  normal. 
If  ulceration  exists  the  ulcer 
fills  up  and  cicatrizes.  The 
Cicatrix,  however,  remains 
long,  often  with  a  slaty  colour, 
but  not  usually  with  much 
puckering.  It  may  indeed  be 
a  flat  cicatrix  in  which  the  in- 
testinal wall  is  merely  thin 
and  transparent.  This  is  shown  in  Fig.  410  which  represents  the 
conditions  in  the  case  of  a  girl  who  died  of  pneumonia  a  year  after 
having  passed  through  an  attack  of  typhoid  fever. 

The  Lymphatic  glands  of  the  mesentery  enlarge,  and  present  on 
section  a  red  injected  appearance  and  soft  consistence.    There  may 


Fig.  410.— Flat  cicatrices  on  a  Peyer'; 
typhoid  fever. 


patch  from 
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be  necrosis  here  also,  giving  rise  to  an  opaque  greyish  condition 
in  the  midst  of  the  gland.  When  recovery  takes  place  the  glands 
return  to  the  normal,  and  the  sloughs  are  usually  absorbed,  although 
they  may  become  caseous  and  subsequently  calcareous. 

It  is  to  be  remembered  also  that  the  Spleen  is  enlarged,  and 
there  is  here  more  than  in  typhus  fever  a  swelling  of  the  Malpighian 
follicles,  which  are  lymphatic  in  structure,  and  so  the  spleen  is 
firmer  and  paler  on  section  than  normal  (see  p.  516).  The  specific 
microbe  is  also  present  in  the  spleen. 

4.  Anthrax  (Mycosis  of  the  intestine). — The  wall  of  the  intestine  is 
sometimes  attacked  by  the  anthrax  bacillus.  Several  cases  described 
as  mycosis  intestinalis  belong  to  this  group,  although  the  name  has 
also  been  used  for  other  affections,  such  as  septic  inflammations  and 
actinomycosis.  The  intestine  may  be  the  place  of  entrance  of  the 
bacilli,  and  the  lesion  will  then  be  the  primary  one.  On  the  other 
hand,  the  intestinal  lesion  may  simply  be  part  of  the  general  infection, 
and  concurrent  with  affections  of  other  organs. 

The  lesion  presents  itself  in  patches  situated  most  frequently  in 
the  small  intestine,  but  also  in  the  stomach  and  colon.  The  patches 
are  oedematous  and  infiltrated  with  blood,  and  there  is  generally  a 
considerable  dark  slough  on  the  prominences  of  the  folds.  The 
characteristic  bacilli  are  found  in  the  cedematous  fluid  and  in  the 
blood-vessels  and  lymphatics.  The  lymphatic  glands  are  swollen, 
and  infiltrated  with  blood.  The  bacilli  are  sometimes  present  in 
them  in  very  large  numbers. 

Cases  of  this  kind  have  mostly  occurred  amongst  workmen  who 
have  handled  the  hides  of  animals  affected  with  anthrax.  Probably 
the  bacilli  are  allowed  to  contaminate  the  food,  and  so  reach  the 
intestine. 

5.  Actinomycosis — The  intestine  is  rarely  the  primary  seat  of 
actinomycosis,  but  a  case  has  been  recorded  by  Chiari.  The  mucous 
membrane  of  the  large  intestine  was  the  seat  of  raised  whitish 
patches,  in  which  the  yellow  granules  of  the  parasite  were  visible. 
The  mucous  membrane  around  was  swollen  and  red  and  covered 
with  tough  mucus.  The  vermiform  appendage  has  been  the  seat  of 
this  disease  in  some  cases. 

Literature. — Dysentery — Annesley,  Diseases  of  India,  3rd  ed.,  1855;  Virchow, 
Virch.  Arch.,  v.  and  lii. ;  Heubner,  in  Ziemssen's  Cycl.,  i.,  1875;  Ziegler, 
Lehrb.,  ii.;  Maclean,  in  Keynolds'  Syst.  of  Med.,  i.,  1866;  Baly,  Path,  and 
treatment  of  dysentery,  1847;  Fagge,  Medicine,  ii.,  175,  1886;  Woodward,  Med. 
and  surg.  hist,  of  war  of  rebellion,  part  ii.,  vol.  i.,  1879.  Cholera — Goodeve,  in 
Reynolds'  Syst.  of  Med.,  i.,  1866  ;  Lewis  and  Cunningham,  Cholera,  1878;  Report 
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of  cholera  conference  at  Berlin,  1885,  Brit.  Med.  Jour.,  1885,  i.,  1011  and  1075, 
also  separate  Beport  of  Conference;  Macnamara,  Hist,  of  Asiatic  cholera,  1876. 
Typhoid  Fevei — Liebermeister,  in  Ziemssen's  Cyclop.,  i.,  1875;  Murchison, 
Continued  fevers,  2nd  ed.,  1873.  Anthrax — Bollinger,  in  Ziemssen's  Cycl.,  iii., 
1875 ;  Vierhuff,  Anthrax  intest. ,  1885 ;  Waldeyer,  Virch.  Arch.,  Hi. ;  Poland, 
Path,  trans.,  xxxvii.,  1886.  Actinomycosis — Zemann,  Wien.  med.  Jahrb.,  iv.,  1883  ; 
Chiari,  Prag.  med.  Wochenschr.,  1884. 

VIII. — TUBERCULOSIS  AND  SYPHILIS  OF  THE  INTESTINE. 

1.  Tuberculosis. — In  the  great  majority  of  cases  this  condition  is 
secondary  to  pulmonary  phthisis,  and  it  occurs  in  about  two  thirds 
of  the  cases  of  that  disease  examined  after  death.  It  is  to  be 
accounted  for  by  the  sputa  being  partly  swallowed,  and  the  virus 
applying  itself  to  the  intestine  directly. 

There  seems  little  doubt  also  that  tuberculosis  of  the  intestine 
may  be  induced  by  the  tubercle  bacilli  being  present  in  the  food. 
Experiments  in  animals  show  that  this  mode  of  infection  is  possible. 
The  bacilli,  however,  may  be  absorbed  by  the  intestine  without 
inducing  tuberculosis  of  it.  The  mesenteric  glands  may  become 
tubercular,  without  any  affection  of  the  intestine.  This  result  of 
experiment  in  animals  is  confirmed  by  observation  in  man. 

The  bacillus  attacks  the  same  structures  as  does  the  bacillus  of 
typhoid  fever,  namely,  the  closed  follicles  and  Peyer's  patches,  and  at 


Fig.  411. — Tubercular  ulcer  of  the  intestine.    Naked-eye  appearance.    The  swollen 
overhanging  edges  are  indicated. 

first  it  produces  a  change  of  a  somewhat  similar  kind.  There  is  an 
enlargement  of  the  closed  follicles  by  reason  of  a  great  new-formation 
of  cells  which  infiltrate  the  neighbouring  mucous  membrane  as  well  as 
the  follicles.     This  primary  enlargement  is,   however,  much  less 


TUBERCULAR  ULCERATION. 


871 


uniform  than  in  typhoid  fever.  On  the  whole,  it  is  greatest  towards 
the  lower  part  of  the  ileum,  but  it  presents  great  irregularities. 
Even  in  the  Peyer's  patch  it  generally  affects  a  few  closed  follicles, 
and  not  the  whole,  so'  that  there  are  rounded  prominences  dotted 
over  the  patch.  Moreover,  it  is  not  simply  an  inflammatory  in- 
filtration which  occurs  ;  there  are  tubercles  present  from  the  first. 

The  enlarged  follicles  undergo  caseous  necrosis,  so  that  very  soon 
they  are  seen  to  have  an  opaque  yellow  kernel,  while  the  epithelium 
still  covers  them.     In  the  next  place  softening  occurs,  and  the 


Fig.  412. — Section  of  a  small  tubercular  ulcer.  In  the  middle  there  is  a  crater-shaped 
ulcer  (c)  with  overhanging  edges.  The  mucous  membrane  around  is  infiltrated  with 
round  cells  in  the  midst  of  which  a  few  tubercles  are  indicated.  Beneath  the  ulcer 
the  muscular  coat  is  infiltrated.    At  d  there  is  a  small  sub-serous  tubercle.    X  16. 


caseous  mass  is  discharged,  leaving  a  crater-shaped  ulcer.  The  ulcer 
advances  and  continues  to  have  overhanging  edges,  which  are  in- 
filtrated with  leucocytes  and  contain  miliary  tubercles  (see  Figs. 
411  and  412).  There  may  be  at  first  several  such  ulcers  in  a  Peyer's 
patch,  and  other  solitary  ones  in  other  parts.  They  extend  by 
fresh  infiltration  of  the  neighbourhood  and  fresh  necrosis,  while  at 
the  same  time  miliary  tubercles  are  visible  in  the  midst  of  the 
inflammatory  infiltration.  The  infiltration  very  commonly  involves 
the  muscular  coat,  and  even  the  serous,  and  tubercles  are  often  to 
be  seen  almost  free  of  inflammatory  infiltration  at  a  distance  from 
the  ulcers  in  the  midst  of  the  muscular  coat,  or  even  in  the  peri- 
toneum (see  Fig.  412,  d). 
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The  ulcer  itself  extends  much  more  laterally  than  deeply,  and  in 
its  extension  it  does  not  respect  the  boundaries  of  the  Peyer's  patches 
or  solitary  follicles,  but  passes  beyond  them,  generally  advancing 
more  across  the  gut  than  longitudinally.  In  this  way  ulcers  are, 
not  infrequently,  much  elongated  in  a  direction  transverse  to  the 
intestine,  and  may  even  form  a  ring  around  it.  The  ulcers  have 
usually  their  centres  at  the  part  of  the  gut  opposite  the  mesenteric 
attachment,  as  the  Peyer's  patches,  in  which  they  begin,  have  their 
seats  there. 

The  position  of  the  ulcers  is  often  indicated  before  opening  the 
intestine  by  the  appearance  of  the  peritoneal  surface.  If  the  ulcer 
be  of  any  considerable  size  there  is  some  inflammation  of  the  peri- 
toneum, evidenced  by  redness  and,  very  often,  by  elongated  pro- 
jections of  vascular  connective  tissue.  But  above  all  we  can  generally 
see  in  the  peritoneum  groups  of  little  white  nodules,  which  are 
tubercles  in  or  under  the  serous  coat.  The  existence  of  these  tubercles 
is  sometimes  even  useful  in  determining  whether  an  ulcer  is  a  tuber- 
cular one  or  not.  It  is  very  rare  indeed  that  the  ulcer  penetrates 
through  the  peritoneal  coat,  and,  if  it  does,  it  is  usually  protected 
by  adhesion  to  neighbouring  loops  of  intestine. 

As  a  general  rule  the  tubercular  ulceration  is  most  marked  in  the 
ileum,  but  not  infrequently  the  colon  is  attacked,  and  there  may 
be  ulcers  of  very  large  size  there.  The  Vermiform  appendix  is  not 
a  very  infrequent  seat  of  ulceration. 

The  process  is  for  the  most  part  a  chronic  one,  and  the  ulcers 
advance  slowly.  Sometimes,  however,  and  usually  in  connection  with 
acute  phthisis,  there  is  a  rapid  swelling  of  the  follicles,  and  ulceration 
occurs  by  softening,  without  preliminary  caseous  necrosis.  In  these 
cases  perforation  is  much  more  liable  to  occur. 

As  amyloid  degeneration  is  a  frequent  accompaniment  of  phthisis, 
it  may  coincide  with  tubercular  ulceration  in  the  intestine. 

2.  Syphilis. — The  rectum  is  liable  to  be  invaded  by  syphilitic 
lesions  extending  from  the  anus  and  perinseum,  especially  in  women. 
Besides  this  there  is  sometimes  a  more  independent  syphilitic  affection 
of  the  rectum  leading  to  stricture.  There  are  the  usual  gummatous 
infiltrations  with  ulceration,  and  these  by  partial  cicatrization  may 
lead  to  contraction.  The  infiltration  may  affect  the  tissues  outside  the 
intestine.    A  few  cases  have  been  observed  in  new-born  children. 

Literature. —  Tuberculosis — Spillmann,  Tuberc.  du  tube  digestif  (with  literature), 
1878 ;  Orth,  Lehrb.  d.  path.  Anat.,  830  ;  Baumgarten,  Zeitschr.  f.  klin.  Med., 
1885,  and  Tuberculose,  1885;  Grawitz,  (Peritonitis)  Charite  Ann.,  1886.  Syphilis — 
Mracek,  (with  literature)  Vierteljahrschr.  f.  Dermat.  und  Syph.,  x.,  1883;  Forster, 
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Lehrb.  d.  path.  Anat..  ii.,  14S;  Klebs,  Handb.  d.  path.  Anat.,  i..  261;  Lang. 
Vorles.  fiber  Syph.,  1885;  Israel,  Charite  Ann.,  ix.?  1884;  Norman  Moore,  in 
Hutchinson,  Syphilis,  1887,  p.  256;  Bikch-Hirschfeld,  Lehrb.,  ii..  589,  1887; 
Hayem  et  Tissier,  Revue  de  Med.,  ix.,  1889;  Rieder,  Jahrb.  d.  Hamburg. 
Krankenanst,  1890. 

IX.  — 1  RETROGRADE  CHANGES  AND  ABNORMAL  CONTENTS. 

Atrophy  of  the  mucous  membrane  of  the  intestine  is  an  occasional 
consequence  of  inflammations,  catarrhal,  dysenteric,  and  other. 
There  have  also  been  described  atrophic  and  degenerative  changes 
in  the  intestinal  nerves  in  acute  fevers  and  in  acute  affections  of 
the  central  nervous  system.  The  changes  in  the  nerves  are  accom- 
panied by  changes  in  the  muscle. 

Amyloid  degeneration  is  the  most  frequent  retrograde  change  in 
the  intestine.  It  affects  the  arteries  and  capillaries  of  the  mucosa 
and  submucosa,  and  especially  the  vessels  of  the  villi,  but  it  often 
extends  to  the  whole  tissue  of  the  villi  except  the  epithelium,  and 
to  the  muscular  bundles  of  the  submucosa.  To  the  naked  eye  the 
intestine  frequently  appears  pale  and  smooth,  but  the  condition  is 
best  detected  by  the  addition  of  iodine  solution.  The  affected  villi 
then  appear  as  deeply  stained  granules,  while  the  closed  follicles 
and  Peyer's  patches  are  unaffected.  If  ulcers  be  present,  as  is  not 
infrequently  the  case,  they  also  are  unaffected  and  show  a  contrast 
in  colour.  The  villi  are  frequently  extensively  lost  in  amyloid  disease, 
but  this  may  be  a  post-mortem  effect,  the  brittle  amyloid  structures 
being  broken  off  in  handling  the  intestine. 

Necrosis,  which  here  sometimes  assumes  the  characters  of  Gangrene, 
occurs,  as  mentioned  above,  in  various  conditions,  infarction,  dysen 
tery,  hernia.  It  also  results  occasionally  from  continued  pressure  by 
hard  contents.  This  is  most  common  in  the  vermiform  appendage, 
but  also  occurs  in  the  colon  and  rectum  from  hard  faBces.  The 
result  is  the  formation  of  ulcers.  Gangrene  may  also  result  from 
traumatic  separation  of  the  mesentery,  when  this  occurs  close  to  the 
intestine. 

Foreign  bodies  in  the  intestine.  Intestinal  concretions. — These 
mostly  consist  of  the  ordinary  contents  dried-in  and  impregnated 
with  lime  salts.  The  concretions  have  a  kernel  composed  usually  of 
dried  faeces,  but  sometimes  a  gall-stone,  a  fruit-seed,  or  a  mass  of 
hairs,  forms  the  kernel.  The  central  parts  so  formed  are  coated  with 
phosphate  and  carbonate  of  lime.  Concretions  are  very  common  in 
animals,  especially  in  the  horse,  in  which  they  have  been  found 
weighing  20  pounds.     They  are  composed  of  the  husks  of  corn 
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mixed  with  hairs  which  the  animals  have  licked  from  their  bodies 
and  swallowed.  These  are  felted  together  and  compacted  into  large 
balls. 

Intestinal  concretions  occur  chiefly  in  the  caecum  and  vermiform 
appendage,  where  they  may  give  rise  to  ulceration  and  perforation. 
(See  above,  Typhlitis  and  Perityphlitis.) 

Gall-stones  also  occur  as  foreign  bodies  in  the  intestine,  and  some- 
times they  are  large  enough  to  cause  obstruction  at  the  ileo-csecal 
valve  or  elsewhere. 

Parasites  in  the  intestine. — Vegetable  parasites  are  of  little  con- 
sequence if  we  except  those  considered  in  previous  paragraphs. 

Animal  parasites  have  been  described  in  the  general  section  on 
parasites.  They  comprise  chiefly  the  tape-worms,  the  ascarides,  the 
oxyuris,  the  trichocephalus  dispar,  and  the  dochmius  duodenalis. 

Literature. — Nothnagel,  1.  c. ;  Scheimpflug,  Zeitschr.  f.  klin.  Med.,  ix.,  1885; 
Furneaux- Jordan,  (Fatty  change  and  failure  of  muscular  wall  as  cause  of 
obstruction)  Brit.  Med.  Jour.,  1879,  i.,  621;  Wagner,  Arch.  d.  Heilk.,  1861; 
Kyber,  (Amyloid)  Virch.  Arch.,  lxxxi.,  1880;  Edinger,  (Amyloid  dis.  and  dilat. 
of  colon)  D.  Arch.  f.  klin.  Med.,  1881 ;  Zesas,  (Separation  of  mesentery)  Arch.  f. 
klin.  Chir.,  1886  ;  Schuberg,  (Concretions)  Virch.  Arch.,  xc,  1882;  Laboulbene, 
Arch.  gen.  de  med.,  xxii.,  1873;  Friedberger  und  Frohner,  Lehrb.  d.  path.  d. 
Hausthiere,  1885  ;  Leube,  in  Ziemssen's  Cyclop.,  vii.,  1877. 

X. — TUMOURS  OF  THE  INTESTINE. 

Primary  cancer. — This  is  by  far  the  most  frequent  and  important 
form  of  tumour.  Cancers  are  almost  confined  to  the  Large  intestine  ; 
we  have  already  connected  this  with  the  fact  that  this  portion  is  most 
exposed  to  the  irritation  of  the  stagnant  faeces.  This  is  the  more 
evident  as  the  most  frequent  localities  are  the  Rectum,  the  Flexures, 
and  the  Caecum.  At  the  same  time  cancers  are  not  unknown  in  the 
small  intestine. 

The  commonest  form  of  cancer  is  a  very  Chronic  epithelioma  with 
gland-like  masses  of  cylinder  cells  (Fig.  413,  and  Fig.  137,  p.  306). 
From  the  resemblance  of  these  structures  to  the  tubular  glands  of 
the  intestine,  and  from  the  fact  that  evidently  the  tumour  originates 
from  these  glands,  the  name  Adenoid  tumour  or  Malignant  adenoma 
is  frequently  used,  just  as  in  the  case  of  the  stomach. 

The  tumour  is  frequently  ring-shaped,  and  as  ulceration  readily 
occurs,  there  may  be  little  more  than  an  ulcer  with  infiltrated  edges. 

Obstruction  of  the  intestine  is  a  frequent  result  of  cancer.  This 
is  due  for  the  most  part  to  the  ulceration  and  subsequent  contraction 
in  the  process  of  partial  healing.    There  may  be,  as  in  Fig.  414, 


TUMOURS  OF  INTESTINE. 


875 


great  dragging-in  of  the  intestinal  wall,  or  other  deformity  in  con- 
sequence of  the  shrinking.  The  occlusion  of  the  calibre  may  be 
completed  by  prominent  folding  of  the  mucous  membrane  as  a  result 
of  the  irregular  contraction.  In  most  cases  the  symptoms  of  obstruc- 
tion are  of  gradual  onset,  but  there  are  not  a  few  cases  in  which 
a  sudden  and  complete  obstruction  has  been  the  first  evidence  of 
any  lesion  of  the  intestine. 


specimen  as  No.  137.    Elongated  passages  with  Fig.  414. — Cancer  of  intestine,  with 

cylindrical  cells  lining  them,    x  165.  ulceration  and  dragging-in  of  the  wall. 


On  microscopic  examination  the  cancerous  structure  is  usually 
quite  obvious,  but  in  some  cases  it  is  to  a  large  extent  destroyed 
by  ulceration.  At  the  edges,  however,  we  may  distinguish  masses 
of  epithelial  cells  with  a  glandular  arrangement,  and  in  the  adhesions 
around  the  affected  part  of  the  intestine  and  at  further  distances 
enlarged  glands  may  be  found  with  cancerous  tissue. 

Next  to  the  epithelial  the  most  common  form  is  Colloid  cancer. 
This  forms  a  much  more  prominent  tumour,  which  may  involve  a 
considerable  length  of  the  gut,  and  incorporate  the  entire  coats. 
This  form  may  produce  obstruction  by  its  mere  bulk,  although  it 
also  is  liable  to  ulceration,  and  the  consequent  contraction  of  the 
gut  added  to  the  bulk  of  the  tumour  frequently  effects  obstruction. 
It  does  not  so  readily  affect  the  lymphatic  glands,  but  more  usually 
extends  through  the  wall  into  the  peritoneum. 

Soft  cancer  is  much  less  common  here  than  in  the  stomach,  and 
it  resembles  the  same  form  of  tumour  there.  It  extends  to  the 
lymphatic  glands  and  frequently  also  to  the  liver. 
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Other  tumours. — The  remaining  tumours  of  the  intestine  are  of 
little  importance.  Fibromas,  Lipomas,  Myomas,  and  Sarcomas  occur, 
and  they  are  all  apt  to  pass  into  the  interior  of  the  intestine  and 
assume  the  form  of  Submucous  polypi.  It  is  said  that  these  polypi 
by  being  dragged  on  in  the  peristaltic  movements  of  the  intestine 
may  produce  invagination.  Mucous  polypi  have  been  already  men- 
tioned as  occurring,  especially  in  the  rectum,  in  catarrh. 


Fig.  415. — Cyst  of  vermiform  appendage.    The  appendage  is  converted  into  a  bulky 
cyst  which  was  filled  with  gelatinous  material. 

A  peculiar  form  of  tumour  is  Cyst  of  the  vermiform  appendage. 

In  some  cases  of  obstruction  of  the  aperture  the  appendage  becomes 
distended  with  mucus  and  may  assume  large  dimensions,  as  in  Fig. 
415.  The  contents  may  remain  mucous  in  character  or  become 
serous. 

Lymphoma  is  not  infrequent  as  a  form  of  secondary  new-formation 
in  the  intestine.  A  general  enlargement  of  the  closed  follicles 
occurs  sometimes  in  leukaemia  and  in  Hodgkin's  disease,  and  it  may 
be  so  considerable  as  to  give  the  appearance  of  numerous  prominent 
tumours  projecting  from  the  surface. 

There  is,  however,  sometimes  a  more  definite  tumour-formation  in 
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Lympho-sarcoma,  when  the  primary  lesion  is  localized  in  the 
mesenteric  and  intestinal  lymphatic  structures.  There  may  be 
extensive  tracts  of  the  intestine  infiltrated  with  lymphatic  tissue 
which  may  replace  the  mucous  membrane  and  the  other  coats,  so 
that  sometimes  the  enlarged  intestinal  tube  is  converted  into  a 
soft  white  structure  composed  of  lymphatic  gland  tissue  (see  under 
Lympho-sarcoma,  pp.  287-8). 

Literature. — Klebs,  Handb.,  i.,  1869;  Cripps,  (numerous  illustrations)  Path, 
trans.,  1881,  xxxii.,  87;  Haack,  Arch.  f.  klin.  Chir.,  xxix.,  1883;  Weigert, 
(Secondary  cancer)  Virch.  Arch.,  1876,  lxvii.,  513;  Carrington,  (Hodgkin's  dis., 
with  references  to  literature)  Path,  trans.,  xxxv.,  385.  Literature  of  other  forms 
of  tumour  in  Orth,  Lehrb.  der  path.  Anat.,  1877,  p.  855 ;  Coats,  (Cysts  of 
vermiform)  Brit.  Med.  Jour.,  1875,  i. ;  Struthers,  (Varieties  of  appendage  and 
caecum)  Edin.  Med.  Jour.,  1893. 

XL— OBSTRUCTION  TO  THE  CALIBRE  OF  THE  INTESTINE. 

This  condition  has  been  incidentally  mentioned  as  occasioned  by 
several  of  the  lesions  already  described.  It  may  be  well  here  to 
sum  up  the  various  forms  of  intestinal  obstruction  and  to  describe 
the  effects  produced  when  the  calibre  of  the  intestine  is  interrupted. 

Causes  of  obstruction. — Next  to  hernia,  the  most  frequent  cause 
of  obstruction  is  the  contraction  of  cicatrices  resulting  from  ulceration, 
and  in  the  great  majority  of  cases  the  ulcers  are  malignant,  that 
is  to  say,  they  arise  by  the  breaking  down  of  cancers.  It  is  to 
be  remembered  that  in  contractions  of  the  calibre  such  as  these 
the  direct  cause  of  the  final  obstruction  may  be  the  folding  of  the 
mucous  membrane  above  the  stricture,  this  acting  like  a  valve  to 
the  narrowed  part.  Tumours  also  obstruct  sometimes  by  their  bulk. 
Similarly  gall-stones,  masses  of  fseces,  collections  of  round  worms, 
may  occlude  the  calibre.  Invagination  is  the  commonest  cause  in 
children.  There  is  also  twisting  or  torsion.  Lastly,  we  have 
obstruction  by  incarceration,  the  intestine  passing  into  a  position 
where  a  loop  is  caught  at  the  neck  and  strangled.  Hernias  form 
the  commonest  examples  of  this  kind,  but  there  are  a  number  of 
cases  in  which  the  intestine  slips  under  a  bridge  or  ligament,  and 
gets,  as  it  were,  pinioned  and  compressed.  These  latter  merit 
further  consideration. 

Obstruction  by  a  bridle  or  ligament  occurs  so  obviously  to  the 
mind  that  its  frequency  is  apt  to  be  overrated.  In  reality  it  forms 
a  small  proportion  of  the  entire  cases.  The  abnormal  band  may 
be  formed  by  the  adhesion  of  normal  or  other  structures  to  various 
parts  of  the  abdomen  so  as  to  form  bridges.    Thus  the  vermiform 
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appendage  may  adhere  by  its  tip  and  form  a  bridge;  or  a  Meckel's 
diverticulum  may  similarly  adhere ;  or  the  omentum  may  be  tied 
down  in  such  a  way  as  to  form  a  narrow  bridle.  But  sometimes 
the  band  is  itself  distinctly  of  new-formation;  there  has  been  a 
local  peritonitis,  and  two  opposing  surfaces  have  become  adherent  in 
the  usual  way  of  inflammatory  adhesion,  by  vascular  connective 
tissue ;  by  the  movements  of  the  intestine  the  connective  tissue  has 
been  dragged  upon  and  elongated  till  it  forms  a  band  or  ligament, 
which  may  afterwards  tie  down  a  loop  of  intestine.  The  formation 
of  such  bands  is  mostly  the  result  of  tubercular  peritonitis  which 
has  undergone  healing,  recovery  from  this  disease  being  more 
frequent  than  might  be  supposed. 

A  very  unusual  form  of  incarceration  is  that  in  which  there  is  an  Aperture 
in  the  mesentery  through  which  the  intestine  passes.  This  may  be  produced  by 
a  tear  in  the  mesentery.  In  a  case  observed  by  the  author  there  was  a 
large  round  gap  about  five  inches  in  diameter  with  rounded  edges,  and  obviously 
of  long  standing,  perhaps  congenital.  The  greater  part  of  the  small  intestine 
had  become  impacted  in  a  complicated  fashion  into  the  aperture,  and  obstruction 
had  finally  resulted. 

Results  of  obstruction. — The  most  direct  effect  is  that  the 
intestinal  contents  accumulate  in  the  parts  of  the  intestine  above 
the  seat  of  obstruction.  The  bowel  may  be  greatly  distended  and 
its  muscular  tissue  paralyzed  by  the  internal  pressure ;  the  stagnating 
faeces  decompose,  and  the  contents  of  the  small  intestine  may  acquire 
the  characters  of  those  of  the  large.  This  decomposition  of  the 
intestinal  contents  leads  to  several  important  results.  In  the  first 
place  there  may  be  great  formation  of  gas  which  still  further  dis- 
tends and  may  produce  the  condition  of  exaggerated  inflation  called 
Meteorism.  Then  a  return  of  the  faeces  in  the  reverse  direction 
may  occur,  and  if  the  decomposition  is  sufficiently  advanced  there 
may  be  a  vomiting  of  matter  having  the  characters  of  faeces.  This 
alarming  phenomenon  of  Stercoraceous  vomiting  is  sometimes  referred 
to  a  reverse  current  extending  from  the  colon.  We  can  hardly 
suppose,  however,  that  the  faeces  are  able  to  pass  the  ileo-caecal 
valve,  and  for  the  most  part  the  vomited  matters  are  really  the 
stagnant  contents  of  the  small  intestine  which  have  undergone  the 
faecal  decomposition.  Of  course  there  is  a  reverse  current,  else 
the  intestinal  contents  would  not  reach  the  stomach.  But  this  does 
not  necessarily  imply  a  vermicular  movement  in  the  reverse  direc- 
tion. If  the  intestine  is  distended,  and  is  interrupted  at  a  particular 
point,  then  the  vermicular  movement  in  the  usual  direction  will 
carry  the  external  layer  of  contents  downwards  to  the  point  of 
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obstruction.  In  order  to  accommodate  this  fresh  arrival  there  must 
be  a  return  current  upwards  in  the  centre  of  the  tube.  There  is  a 
similar  condition  to  what  exists  normally  in  the  stomach  where  the 
contents  are  carried  to  the  pylorus,  and  meeting  the  obstructing 
sphincter  return  for  the  most  part  down  the  centre  of  the  cavity 
towards  the  fundus. 

Again,  the  products  of  decomposition  may  be  absorbed  to  an 
abnormal  extent  and  appear  in  the  urine.  There  are  two  substances 
resulting  from  the  decomposition  of  albuminous  substances  which  are 
normally  present  to  a  limited  extent  in  the  urine,  namely,  Indican 
and  Carbolic  acid.  In  cases  of  obstruction  these  substances,  one  or 
both,  are  increased  in  quantity  sometimes  to  a  very  striking- 
extent.  This  increase  does  not  occur  unless  the  stagnation  extends 
to  the  small  intestine  where  the  albuminoids  are  present.  It  does 
not  occur  therefore  in  ordinary  constipation  which  affects  the  large 
intestine  alone,  because  the  albuminoids  are  absorbed  before  they 
reach  the  large  intestine. 

Literature. — Cohnheim,  Allg.  Path.,  ii.,  147,  1882;  Jaffe,  (Indican  in  urine) 
Virch.  Arch.,  lxx.,  72,  1877;  Salkowski,  ibid.,  lxxiii.,  409,  1878;  Bkiegee,. 
Zeitschr.  f.  klin.  Med.,  iii. 
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SECTION  VII 

DISEASES  OF  THE  LIVER,  PANCREAS,  AND 
PERITONEUM. 

A.  — The  Liver.     Introduction.     Post-mortem  changes.     I.  Malformations  and 

Deformities.  II.  Disorders  of  Circulation.  1.  Passive  hyperemia  (nutmeg 
liver),  2.  Thrombosis  and  Embolism.  III.  Retrograde  changes,  chiefly  fatty 
infiltration,  amyloid  disease,  and  pigmentation ;  Icterus.  IV.  Acute  Yellow 
Atrophy.  V.  Hypertrophy  and  Regeneration.  VI.  Inflammations.  1.  Sup- 
purative hepatitis,  including  tropical  and  pysemic  abscesses  ;  also  biliary 
abscess.  2.  Chronic  interstitial  hepatitis,  Cirrhosis ;  causation  ;  lesions  ; 
effects.  Biliary  and  hypertrophic  cirrhosis.  3.  Perihepatitis.  VII.  Syphilis 
and  Tuberculosis.  Syphilitic  cirrhosis  and  gummata.  Tuberculosis,  chiefly 
secondary.  VIII.  Tumours,  chiefly  cancers  ;  occasionally  primary— chiefly 
secondary.    Parasites,  chiefly  Echinococcus. 

B.  — Bile-ducts  and  Gall-bladder.    1.  Gall-stones,  single  and  multiple,  2.  Obstruc- 

tion of  ducts,  3.  Rupture  and  perforation,  4.  Tumours. 

C.  — Pancreas.    Malformations,  hemorrhages,  inflammations,  retrograde  changes. 

Tumours,  especially  cancers.    Concretions  and  obstructions  of  duct. 

D.  — Peritoneum.    Introduction.    1.  Malformations;  2.  Disorders  of  circulation, 

chiefly  haemorrhage  and  ascites ;  chylous  ascites  and  ascites  adiposus  ;  3. 
Inflammations,  septic,  chronic ;  4.  Tuberculosis,  tubercular  peritonitis, 
healing  and  its  results ;  5.  Tumours,  including  Retroperitoneal  sarcoma. 

E.  — Secondary  Extension  of  Cancers  of  the  Abdominal  Organs. 

A.— The  Liver. 

INTRODUCTORY.— The  liver  is  the  largest  gland  in  the  body, 
its  weight  being  on  an  average  from  48  to  58  ounces  in  the 
adult  male  and  40  to  50  ounces  in  the  female. 

In  its  Function  the  liver  is  related  to  the  intestinal  canal  and  the 
blood.  The  formation  of  bile  is  probably  the  least  of  its  functions, 
but  as  the  bile  pigment  is  derived  from  the  haemoglobin,  there  must 
be  a  destruction  or  removal  of  effete  red  blood-corpuscles  in  the 
liver.  A  more  important  function,  is  the  preparation  of  glycogen, 
whatever  may  be  the  uses  to  which  this  substance  is  put.  The 
liver  also  seems  to  have  important  relations  to  the  free  fat  of  the 
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body,  and  under  certain  circumstances  stores  it  up  in  its  substance 
(see  Fatty  Infiltration). 

The  functions  of  the  liver  being  thus  manifold  and  somewhat 
obscure,  the  effects  of  disease  on  it  are  difficult  to  disentangle. 
Many  of  the  diseases  cause  atrophy  of  its  proper  tissue,  but  they 
nearly  all  at  the  same  time  affect  either  the  body  as  a  whole  or 
the  vascular  arrangements  of  the  abdomen  which  are  so  peculiarly 
related  to  the  liver. 

The  Circulation  of  the  liver  is  very  peculiar  and  claims  special 
attention,  because  most  diseases  of  the  organ  produce  important 
effects  upon  it.  Most  of  the  blood  comes  to  the  liver  by  the  Portal 
vein,  and  the  proper  hepatic  tissue  is  arranged  in  relation  to  the 
ultimate  ramifications  of  that  vessel.  The  interlobular  veins  form 
these  ultimate  ramifications,  and  they  are  in  immediate  connection 
with  the  hepatic  lobules.  The  Hepatic  lobule  is  a  group  of  hepatic 
cells  with  blood-vessels,  measuring  about  the  twentieth  of  an  inch 
in  diameter,  and  having  in  man  a  polygonal  or  somewhat  globular 
shape.  The  interlobular  vein  lying  outside  the  lobule  sends  capil- 
laries into  it,  and  these  seeking  the  centre  of  the  lobule  open  into 
the  central  or  intralobular  vein  which  is  the  radicle  of  the  hepatic 
vein,  Between  the  capillaries  lie  the  hepatic  cells,  which  are 
arranged  in  rows  or  cylinders  radiating  from  the  centre  of  the 
lobule  like  the  capillaries.  The  stellate  cells  of  Kupffer  lie  between 
the  hepatic  cells  and  the  capillaries  and  seem  to  be  intimately  con- 
nected with  both. 

Blood  is  also  brought  to  the  liver  by  the  Hepatic  artery  which 
supplies  chiefly  the  connective  tissue  and  walls  of  the  blood-vessels. 
Its  capillaries  terminate  in  veins  which  open  into  the  interlobular 
veins  (according  to  Cohnheim  and  Litten),  so  that  this  blood  also 
finds  its  way  into  the  hepatic  capillaries  and  on  into  the  hepatic 
vein. 

The  Connective  tissue  of  the  liver  is  often  described  as  if  it 
formed  a  special  covering  to  the  portal  vein,  being  called  Glisson's 
capsule.  It  really  forms  a  supporting  stroma  which  holds  the  portal 
vein,  the  hepatic  artery,  and  the  hepatic  duct,  which  all  lie  side 
by  side.  The  lymphatic  channels  are  also  contained  in  it.  In  swine 
the  connective  tissue  surrounds  each  lobule  and  defines  it  distinctly 
from  its  neighbour,  but  in  man  it  stops  short  at  the  interlobular 
vein,  and  except  where  this  vein  is,  the  lobules  at  their  margins 
merge  into  each  other,  and  their  capillaries  are  in  communication. 
Examination  of  Fig.  417,  p.  887,  in  which  the  lobules  are  demar- 
cated by  fatty  infiltration,  will  show  how  they  run  into  one  another 
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at  their  peripheries.  Although  no  proper  fibrillated  connective  tissue 
is  present  inside  the  lobules,  yet  a  fine  reticulum  accompanies  and 
supports  the  capillaries. 

The  circulation  in  the  portal  vein,  and  especially  in  the  capillaries 
of  the  liver,  must  be  unusually  slow.  The  blood  before  it  reaches 
the  liver  has  passed  through  one  set  of  capillaries,  and  here  it 
passes  through  a  second  set;  it  has  therefore  lost  very  largely  the 
force  derived  from  the  contractions  of  the  heart.  It  is  probably  for 
this  reason  that  the  liver  is  so  frequently  the  seat  of  secondary 
deposition  as  in  tuberculosis,  cancers,  etc.,  and  of  the  deposition 
of  solid  pigments.  We  may  suppose  that  as  the  blood  moves  so 
slowly  there  will  be  time  for  any  granular  material  to  settle  down 
and  produce  its  special  effects.  We  know  that  when  vermilion  is 
injected  into  the  blood  it  is  found  largely  in  the  liver.  Similarly 
the  pigment  containing  iron  present  in  the  blood  in  pernicious 
anaemia  is  found  largely  there. 

The  Hepatic  ducts  running  in  the  connective  tissue  along  with  the 
portal  vein  and  hepatic  artery  are  lined  with  cylindrical  epithelium. 
These  are  connected  with  the  biliary  capillaries,  which  originate 
inside  the  lobules  and  seem  to  be  in  part  formed  by  the  hepatic 
cells  themselves,  each  cell  having  on  its  surface  a  groove  which, 
with  a  corresponding  groove  in  the  cell  opposed  to  it,  forms  a  tube. 

Post-mortem  changes. — The  liver  is  liable  to  local  alterations  in  colour,  in  the 
form  of  pale  anasmic  areas,  from  the  pressure  of  neighbouring  structures,  as 
the  ribs,  or  distended  loops  of  intestine.  It  frequently  also  assumes  a  blue 
colour  from  decomposition,  especially  where  it  is  in  contact  with  the  transverse 
colon. 

There  are  some  curious  cases  in  which  Cavities  filled  with  gas  develop  through- 
out the  liver  after  death.  These  are  due  to  decomposition,  the  agents  of  which 
have  been  conveyed  to  the  liver  before  death.  The  condition  may  be  associated 
with  a  similar  appearance  in  the  spleen,  and  it  occurs  chiefly  in  cases  of 
septic  wounds  (see  p.  356). 

Literature. — General  works — Budd,  Dis.  of  liver,  2nd  ed.,  1852 ;  Murchison, 
Clin.  lect.  on  dis.  of  liver,  etc.,  2nd  ed.,  1877 ;  Anstie,  In  Reynolds'  Syst.  of 
med.,  iii.,  1871;  Habershon,  Path,  and  treatment  of  some  diseases  of  liver, 
1872 ;  Frerichs,  Dis.  of  liver ;  transl.  Syd.  Soc,  1858-61 ;  Charcot,  Lecons  sur 
les  malad.  du  foie,  1877 ;  Hanot  et  Gilbert,  Malad.  du  foie,  1888. 

I.— MALFORMATIONS  AND  DEFORMITIES  OF  THE  LIVER. 

Congenital  malformations  of  the  liver  are  not  common.  There 
are  cases  of  absence  of  the  liver,  and  of  defect  of  one  of  the  lobes, 
or  irregularity  in  the  lobes.    What  may  be  called  supernumerary 
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livers  have  also  been  found  in  the  form  of  isolated  pieces  of  liver 
tissue  in  the  suspensory  ligament.  Of  more  importance  is  congenital 
absence  of  the  gall  bladder,  along  with  which  there  is  usually  a 
dilatation  of  the  bile  ducts. 

The  liver  is  sometimes  Transposed  along  with  a  general  trans- 
position of  the  viscera.  In  a  case  recorded  by  Fraser,  there  was 
not  only  a  transposition  but  an  occasional  Dislocation  of  the  liver, 
which  came  down  into  the  left  inguinal  region. 

An  Acquired  deformity  is  the  so-called  Stay  liver  of  females. 
This  deformity  is  usually  stated  to  be  due  to  tight  lacing,  but 
although  doubtless  greatly  aggravated  by  this,  it  'is  also  induced  by 
the  ordinary  methods  of  suspending  the  garments  by  a  tight  ligature 
round  the  waist.  The  effect  on  the  liver  is  that  it  is  greatly  flattened, 
while  a  transverse  shallow  depression  forms  along  the  upper  surface, 
affecting  chiefly  the  right  lobe.  In  this  groove  the  capsule  is  thick- 
ened, and  there  is  obviously  considerable  loss  of  liver  tissue.  Some- 
times the  atrophy  along  this  groove  is  such  that  the  two  portions 
can  be  folded  together.  With  the  flattening  there  is  great  displace- 
ment of  the  liver,  whose  lower  edge  may  extend  as  far  down  as 
the  umbilicus.  More  or  less  of  this  deformity  is  to  be  found  in 
nearty  all  female  bodies,  and  also  in  the  bodies  of  men  who  have 
been  in  the  habit  of  wearing  tight  belts  round  their  waists. 

Sometimes  the  upper  surface  of  the  right  lobe  of  the  liver  presents 
elongated  depressions  passing  from  behind  forwards,  which  are  really 
Folds  of  the  liver,  and  are  produced  chiefly  when  there  is  some 
obstruction  to  expiration.  In  that  case  the  diaphragm  is  depressed 
by  the  dilated  lung,  and  at  the  same  time  the  lower  ribs  are  drawn 
down  in  violent  expiratory  movements  by  the  abdominal  muscles, 
and  pressed  against  the  liver,  which  is  supported  below  by  the  con- 
traction of  the  abdominal  muscles. 

The  liver  is  very  liable  to  Changes  of  position.  Tumours  or 
fluid  in  the  abdomen  carry  it  upwards.  Depressions  of  the  dia- 
phragm press  it  downwards.  The  suspensory  ligament  may  be 
elongated  so  that  the  organ  is  unduly  movable,  and  may  undergo 
displacement  downwards. 

Literature. — Thierfelder,  in  Ziemssen's  Cycl.,  ix.,  1887;  Laudau,  Wanderleber 
unci  Hangebauch  der  Frauen,  1885 ;  Fraser,  Glasg.  Med.  Jour.,  xx.,  1883. 

II.— AFFECTIONS  OF  THE  CIRCULATION  IN  THE  LIVER. 

1.  Passive  hyperemia. — This  is  perhaps  the  commonest  of  all 
affections  of  the  liver.    The  names  Nutmeg  liver  and  Red  atrophy 
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are  sometimes  given  in  cases  of  prolonged  passive  hyperemia,  these 
names  indicating  certain  appearances  presented  by  the  tissue.  Passive 
hyperemia  occurs  when  any  obstruction  exists  in  the  circulation  of 
such  a  nature  as  to  interfere  with  the  return  of  blood  from  the 
inferior  vena  cava  to  the  right  side  of  the  heart.  The  commonest 
cause  is  valvular  disease  of  the  heart,  especially  mitral  disease,  but 
it  also  results  from  obstruction  to  the  pulmonary  circulation  as  in 
bronchitis  and  emphysema,  etc.  In  these  cases  there  is  a  general 
engorgement  of  the  systemic  venous  circulation,  with  increase  of 
blood-pressure  in  the  veins.  As  the  normal  circulation  in  the  liver 
is  unusually  slow/  and  the  blood-pressure  low,  any  increase  in  the 


Fig.  416. — Passive  hyperemia  of  the  liver.  One  lobule  and  parts  of  two  others  are 
shown.  In  the  central  parts  of  the  lobules  there  is  almost  nothing  but  dilated  capil- 
laries containing  blood-corpuscles ;  a  few  atrophied  and  pigmented  hepatic  cells  being 
visible.  At  the  peripheral  parts  of  the  lobules  the  hepatic  cells  are  seen,  many  of 
them  pigmented,    x  50. 


blood-pressure  in  the  general  venous  circulation  will  tell  particularly 
on  the  vessels  of  the  liver,  and  we  may  even  suppose  that  the 
blood  passing  up  the  inferior  cava  may  in  such  cases  regurgitate 
into  the  hepatic  vein. 

The  result  of  this  is  very  great  distention  of  the  hepatic  vein  and 
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its  radicles — the  central  or  intralobular  veins.  The  distention  ex- 
tends to  the  capillaries,  which,  as  in  Fig.  416,  are  sometimes  found 
enormously  dilated.  The  dilated  capillaries  by  pressure  cause  Atrophy 
of  the  hepatic  cells,  and  it  often  happens  that  the  central  parts  of 
the  lobules  are  entirely  occupied  by  enormously  dilated  capillaries, 
while  the  hepatic  cells  are  hardly  visible  (see  figure).  The  remains 
of  the  hepatic  cells  frequently  contain  brown  Pigment  granules. 
The  atrophy  of  the  hepatic  cells  in  these  regions  may  be  complete, 
only  a  few  pigment  masses  representing  them.  Sometimes,  instead 
of  a  simple  atrophy  we  have  Fatty  degeneration  of  the  hepatic 
cells,  localized  in  the  central  parts  of  the  lobules. 

Sometimes  in  addition  to  these  changes  there  is  a  hypertrophy 
of  the  connective  tissue  surrounding  the  lobules,  but  this  is  usually 
inconsiderable,  and  it  is  a  mistaken  view  that  a  cirrhosis  of  the 
liver  arises  out  of  passive  hyperemia. 

To  the  naked  eye  the  organ  appears  unduly  red.  On  close  ex- 
amination even  of  the  general  surface,  but  more  specially  of  the 
cut  surface,  it  is  seen  that  there  are  minute  areas  of  a  deep  red 
colour  corresponding  with  the  central  parts  of  the  lobules,  and  these 
are  surrounded  by  zones  of  a  grey  or  yellowish  colour.  The  result 
is  that  the  lobules  are,  as  it  were,  mapped  out  by  these  contrasting 
colours,  and  are  for  the  most  part  individually  visible  to  the  naked 
eye.  Sometimes  several  adjacent  lobules  are  almost  completely 
occupied  by  dilated  vessels,  and  there  is  a  narrow  ring  of  normal 
tissue  around  each,  so  that  the  portion  of  liver  has,  as  a  whole,  an 
almost  cavernous  structure  and  presents  a  deep  red  colour  on  section. 
It  is  these  variations  in  colour  and  figuring  which  give  the  cut 
surface  the  appearance  of  the  section  of  a  Nutmeg. 

In  parts  where  there  has  been  great  loss  of  the  proper  tissue, 
the  liver  may  appear  to  the  naked  eye  after  death  partially  atrophied. 
During  life  the  dilated  veins  and  capillaries  are  distended  with 
blood,  but  after  death,  the  blood-pressure  being  removed,  these  may, 
to  some  extent,  collapse.  In  this  way  the  surface  has  sometimes 
a  granular  appearance,  which  may  be  mistaken  for  that  of  cirrhosis, 
but  it  will  be  noticed  that  the  depressed  or  atrophied  parts  have 
a  deep  red  colour. 

2.  Thrombosis  and  Embolism.— Thrombosis  of  the  Portal  vein 
is  of  somewhat  frequent  occurrence,  especially  as  a  result  of  cirrhosis. 
It  also  occurs  sometimes  by  propagation  of  thrombosis  from  the 
radicles  of  the  vein,  or  by  embolism  from  them.  The  consequences 
to  the  liver  itself,  even  of  complete  closure  of  the  portal  vein,  are 
not  so  important  as  might  be  expected.    It  is  stated  by  some  that 
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it  may  lead  to  cirrhosis  of  the  liver,  but  there  is  no  proper  foundation 
for  this  statement,  and  cirrhosis  is  much  more  frequently  the  cause 
than  the  result  of  thrombosis.  It  has  also  been  asserted  that 
diabetes  mellitus  may  occur  as  a  result  of  thrombosis  of  the  portal 
vein.  The  consequences  outside  the  liver  are  much  more  important. 
There  is  dilatation  of  the  radicles  of  the  portal  vein  in  the  ab- 
dominal viscera,  with  ascites,  which  is  generally  very  extreme.  The 
results  in  this  regard  are  essentially  similar  to  those  which  occur 
in  cirrhosis,  and  are  referred  to  more  particularly  below,  under 
that  heading. 

Thrombosis  and  embolism  of  the  Hepatic  artery  are  not  usually 
of  consequence  unless  the  plug  be  of  a  septic  nature.  The  hepatic 
artery  is  not  an  end-artery,  and  if  some  of  its  branches  be  obstructed 
the  anastomosing  communications  restore  the  circulation.  Besides 
this  the  portal  vessels  remain  to  nourish  the  hepatic  tissue  if  the 
hepatic  artery  be  obstructed. 

Embolism  of  the  hepatic  vein  by  solid  bodies  passing  backwards 
by  gravitation  from  the  inferior  vena  cava  has  been  observed  in  a 
few  cases  (Recklinghausen).  Thrombosis  of  this  vein  occurs  in 
cases  of  cancer  and  of  abscess  of  the  liver. 

III.  — RETROGRADE  CHANGES  IN  THE  LIVER. 

L  Necrosis. — On  account  of  the  double  blood-supply  in  the  liver 
necrosis  seldom  occurs.  In  a  case  of  rupture  of  the  liver,  however, 
in  which  fissures  cut  off  the  blood-supply  from  a  wedge-shaped 
piece,  the  author  observed  the  appearance  of  the  pale  infarction. 
The  tissue  both  in  naked-eye  and  microscopic  characters  showed 
the  appearances  of  coagulation-necrosis.  There  is  also  necrosis  in 
connection  with  the  pysemic  abscess. 

2.  Atrophy. — The  hepatic  parenchyma  is  very  liable  to  atrophy. 
We  have  a  General  atrophy  in  cases  of  emaciation  and  inanition, 
and  also  as  a  senile  phenomenon.  In  these  cases  the  liver  is  small 
in  size  and  deep  in  colour. 

Local  atrophy  of  the  liver  is  usually  the  result  of  pressure,  as 
by  tumours  growing  in  the  liver,  by  dilated  capillaries,  by  the  swollen 
capillaries  in  amyloid  disease,  or  otherwise.  Indeed  the  hepatic 
cells  seem  very  readily  to  give  way  before  pressure,  so  that,  for 
example,  one  often  sees  in  the  neighbourhood  of  a  growing  cancer 
the  hepatic  cells  flattened  out  concentrically  and  atrophied. 

3.  Parenchymatous  infiltration. — This  occurs,  as  we  have  previously 
seen,  in  connection  with  many  acute  diseases.  It  is  this  which  causes 
the  enlargement  of  the  liver  in  the  acute  fevers,  pneumonia,  erysipelas, 
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etc.  The  hepatic  cells  are  highly  granular,  and  if  the  albuminous 
granules  be  destroyed  by  liquor  potassae  it  will  be  seen  that  there 
are  numerous  fine  fat  granules,  the  cloudy  swelling  passing  into 
fatty  degeneration. 

4.  Fatty  degeneration. — This  is  frequently  seen  as  a  further  stage 
of  the  condition  just  mentioned,  and  is  a  special  feature  in  acute 
yellow  atrophy  to  be  presently  described.  It  is  also  usually  present 
in  pernicious  anaemia.  A  more  localized  fatty  degeneration  is  met 
with  in  cons'equence  of  local  affections  of  the  liver,  as  in  passive 
hypersemia,  but  more  especially  in  cirrhosis  of  the  liver.  It  is  char- 
acterized by  the  presence  of  minute  fat  granules  in  the  protoplasm 
of  the  cells. 

5.  Fatty  infiltration. — The  pathology  of  this  condition  has  been 
referred  to  in  a  former  part  of  this  work  (see  p.  181).  It  is  most 
typically  seen  in  phthisis  pulmonalis  and  in  some  other  wasting- 
diseases.  It  also  occurs,  although  in  a  somewhat  different  form,  in 
chronic  alcoholism. 


Fig.  417.— Fatty  infiltration  of  the  liver;  osmic  acid  preparation  as  seen  with  a 
very  low  power.  The  peripheral  parts  of  the  lobules  are  demarcated  by  the  fatty 
infiltration,    x  16. 


In  fatty  infiltration  fat  is  brought  by  the  portal  vessels  and  de- 
posited in  the  hepatic  cells.  It  is  first  deposited  in  those  nearest 
the  terminals  of  the  portal  vein,  that  is  to  say,  in  the  peripheral 
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parts  of  the  lobules  (see  Fig.  417),  so  that  at  first  each  lobule  has 
a  peripheral  zone  of  fatty  infiltration.  This  is  very  markedly  seen 
when  a  section  is  examined  microscopically  in  the  fresh  state  or 
stained  with  osmic  acid.  In  the  latter  case  the  fatty  peripheral  parts 
become  of  a  blackish  colour,  and  the  section  assumes  a  very  striking 
iigured  appearance  as  shown  in  the  figure.  As  the  condition  advances, 
more  and  more  of  the  lobule  is  affected,  and  the  infiltration  may 
overtake  its  whole  extent.  Even  in  extreme  cases,  however,  it  usually 
preponderates  at  the  peripheral  parts.  The  fat  is  present  in  larger 
and  smaller  drops  inside  the  hepatic  cells,  but  the  tendency  is  for 

the  drops  to  assume  a  considerable 
size  (as  in  Fig.  418).  The  proto- 
plasm of  the  cells  is  pushed  aside 
by  the  fat,  but  its  function  is  not 
apparently  interfered  with.  The 
stellate  cells  of  Kupffer  are  some- 
times specially  affected. 

The  fatty  liver  is  increased  in 
weight,  and  in  extreme  cases  it  may 
be  double  the  normal.  The  organ 
is  enlarged  generally,  rounded  at  the  edges  and  increased  in  thickness. 
It  is  unduly  soft  in  consistence  and  has  an  opaque  pale  yellow  colour 
which  may  be  very  marked,  and  merge  towards  a  saffron  yellow.  It 
is  nearly  always  possible  with  the  naked  eye  to  distinguish  evidences 
of  the  lobular  distribution  of  the  fat.  The  lobules  are,  in  fact,  mapped 
out  in  the  most  characteristic  figured  manner,  so  that,  on  looking 
closely,  we  can  distinguish  each  with  perfect  accuracy. 


Fig.  418.— Fatty  infiltration  of  liver.  The 
cells  are  isolated,  and  they  contain  larger  and 
smaller  drops  of  oil.    x  350. 


The  appearance  presents  a  considerable  resemblance  to  that  of  the  nutmeg 
liver,  where  also  the  lobules  are  mapped  out;  but  in  the  fatty  liver  it  is  by 
unduly  pale  tissue  at  the  peripheral  parts  of  the  lobules,  which  contrasts  with 
the  normal  central  parts;  while  in  the  other  case  it  is  the  normal  which  is  at 
the  periphery,  and  it  contrasts  with  the  red  central  parts,  and  the  whole  cut 
surface  is  unduly  red. 


In  Chronic  alcoholism  the  fat  is  more  generally  distributed.  The 
liver  as  a  whole  has  a  soft  greasy  appearance,  and  fat  will  be  found 
in  larger  and  smaller  drops  throughout  the  lobules. 

6.  Amyloid  degeneration.— The  liver  is  usually  affected  when  amy- 
loid disease  exists  in  the  body,  but  the  affection  shows  great  differences 
in  degree.  It  may  be  very  slight  in  the  liver  while  very  advanced 
in  the  spleen  and  kidney,  and  vice  versa.  It  is  not  known  how 
these  differences  are  determined.    In  phthisis  pulmonalis,  which  is 
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the  most  frequent  cause  of  amyloid  disease,  we  have  all  varieties  in 
distribution. 

The  degeneration  appears  first  in  the  arteries  and  capillaries,  the 
appearance  in  the  latter  being  as  if,  at  intervals,  the  wall  were 
swelled  up  by  a  translucent  material.  In  these  earlier  stages  there 
is  no  difficulty  in  making  out  that  inside  the  lobules  it  is  the  capillaries 
which  are  affected.  The  general  arrangement  of  the  capillaries  is 
beautifully  shown  by  the  rose-pink  colour  in  a  section  stained  with 
methylviolet,  the  appearance  being  almost  that  of  an  injected  speci- 
men. Even  in  the  earlier  periods  considerable  atrophy  of  the  hepatic 
cells  can  be  observed  as  a  result  of  pressure  from  the  swollen  capil- 
laries, and  the  atrophic  cells  frequently  contain  fat.  In  advanced 
stages  the  cells  are  very  greatly  destroyed,  so  that  the  liver  tissue 
is  replaced  by  amyloid  substance.  The  tissue  still  shows  indications 
of  the  lobular  arrangement,  and  also  of  the  capillaries,  although 
scarcely  any  hepatic  cells  remain  (see  Fig.  68,  p.  186). 

It  is  remarkable  that,  with  this  great  loss  of  the  secreting  substance, 
there  is  actual  increase  in  size  and  weight  of  the  liver.  It  is  not 
uncommon  to  find  the  liver  weighing  two  or  three  times  the  normal. 
The  increase  in  size  is  not  proportionate  to  that  in  weight,  as  the 
amyloid  substance  is  of  greater  density  than  the  liver  tissue.  The 
edges  of  the  organ  are  rounded  and  its  consistence  elastic  and  re- 
sistant. The  surface,  and  especially  the  cut  surface,  is  homogeneous 
and  presents  a  peculiar  translucent  waxy  appearance,  which  in  ad- 
vanced stages  is  highly  characteristic. 

7.  Pigmentary  infiltration. — The  hepatic  tissue  is  liable  to  a  con- 
siderable number  of  different  forms  of  pigmentation. 

Icterus  is  the  most  frequent  and  obvious  cause  of  pigmentary  in- 
filtration of  the  liver.  We  have  here  to  do  with  hepatogenous  icterus, 
arising  from  obstruction  of  the  bile  ducts.  When  the  bile  ducts 
are  obstructed  the  secretion  of  bile  does  not  cease,  and  as  excretion  is 
hindered  there  occurs  a  re-absorption  of  the  bile.  As  the  hepatic 
cells  lie  between  the  biliary  capillaries  and  the  blood,  the  bile  must 
traverse  the  former  to  reach  the  latter,  and  consequently  the  hepatic 
cells  are  most  immediately  and  directly  stained  with  the  re-absorbed 
biliary  pigment.  The  pigment  at  first  stains  the  cells  generally, 
but  when  the  process  is  prolonged,  the  bile  is  deposited  in  the  cells 
as  solid  granules,  which  have  a  deep  brown  or  greenish  colour. 
The  pigmentary  deposit  occurs  chiefly  in  the  central  parts  of  the 
lobules.  The  bile  sometimes  condenses  in  the  biliary  capillaries  and 
forms  solid  plugs  or  moulds  of  these. 

In  the  adult  the  biliary  colouring  matter,  although  similar  in 
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constitution  to  haematoidin,  rarely  forms  crystals.    In  the  newly 
born  we  have  already  seen  (p.  184)  that  icterus  is  associated  with 
a  crystalline  condition  of  the  pigment.     There  is  some  reason  to 
believe  that  in  ordinary  icterus  neonatorum  the  pigment  is  haematoidin  j 
of  hematogenous  origin.    The  author  is  able  to  say,  however,  that  in  j 
true  obstructive  icterus  in  infants,  the  pigment  forms  crystals.    He  j 
found  it  so  in  a  case  of  congenital  atresia  of  the  ducts,  and  in  one  j 
of  obstruction  due  to  thrombo-phlebitis  of  the  umbilical  vein. 

This  biliary  infiltration  of  the  liver  occurs  in  consequence  of  an 
obstruction  either  of  the  main  duct  (ductus  communis)  or  of  the 
finer  ducts  in  the  substance  of  the  organ,  as  in  cases  of  Cirrhosis 
and  Cancer  of  the  liver,  having  in  that  case  a  partial  distribution 
according  to  the  disposition  of  the  lesion  which  causes  it. 

Infiltration  with  hemosiderin  derived  from  the  blood-pigment 
occurs,  as  already  mentioned,  in  pernicious  anaemia.  In  Pernicious 
anaemia  there  is  a  reddish  brown  pigment  deposited  in  the  hepatic 
cells,  which  may  give  a  general  coloration  to  the  organ  as  a  whole.  1 
In  addition,  granules  containing  iron  are  present  in  the  liver,  and 
may  be  detected  by  the  dark  green  colour  which  they  assume  on 
the  addition  of  NH4S  or  by  the  blue  colour  with  ferrocyanide  of 
potassium  and  hydrochloric  acid.  (See  Figs.  18  and  19,  pp.  71 
and  72.) 

IV.—  ACUTE  YELLOW  ATROPHY  OF  THE  LIVER. 

This  disease,  although  by  its  name  it  is  connected  with  a  definite 
lesion  in  the  liver,  is  really  a  general  one,  due  to  a  morbid  poison 
in  the  blood.  In  some  cases  the  poison  seems  to  be  septic  in  its 
character,  the  disease  coming  on  in  the  course  of  septic  infection, 
especially  in  the  puerperal  state  or  in  erysipelas,  but  generally  no 
definite  poison  can  be  traced.  Several  observers  have  sought  to 
connect  the  disease  with  certain  forms  of  microbes  (Klebs,  Zander, 
etc.).  In  connection  with  its  origin  from  a  morbid  poison  it  is 
interesting  that  phosphorus  produces  changes  so  similar  that  some 
observers  have  suggested  that  acute  yellow  atrophy  is  always  due 
to  poisoning  with  phosphorus.    This  view,  however,  is  not  tenable. 

Although  at  post-mortem  examination  the  liver  is  nearly  always 
reduced  in  size,  yet  in  some  cases  it  is  found  enlarged,  and  there  is 
reason  to  believe  that  in  the  earlier  stages  it  is  generally  enlarged. 
The  enlarged  liver  is  of  a  brownish  yellow  or  bright  yellow  colour, 
either  generally  or  in  streaks  and  patches.  In  these  parts  the  cells 
are  enlarged  and  full  of  fat  granules.  Although  this  is  a  true 
fatty  degeneration,  yet  the  fat  is  in  comparatively  large  drops. 


ACUTE  YELLOW  ATROPHY. 


891 


In  the  further  stages  the  liver  is  found  smaller  than  normal,  and 
its  tissue  is  soft  and  flabby.  The  capsule  is  often  wrinkled  from 
the  atrophy  of  the  substance  of  the  organ,  and  the  organ  flattens 
out  by  its  own  weight,  its  thickness  being  greatly  diminished.  The 
diminution  in  size  often  affects  the  left  lobe  especially.  On  cutting 
into  the  organ  the  section  shows  usually  different  shades  of  colour. 
The  predominating  tint  is  yellow,  varying  from  the  colour  of  gamboge 
to  a  dark  yellowish  brown.  Mixed  with  this,  however,  there  is 
tissue  of  a  red  colour  forming  the  red  substance  of  Zenker.  Where 
the  colour  is  yellow  the  tissue  is  softest,  but  the  red  parts  are  the 
most  atrophied,  the  red  substance  arising  by  the  absorption  of  the 
degenerated  hepatic  cells. 

On  examining  the  yellow  tissue  under  the  microscope,  it  will 
hardly  be  recognizable  as 
that  of  the  liver  (see  Fig. 
419).  There  are  no  proper 
hepatic  cells,  but  instead 
irregular  masses  containing 
fat  drops  and  granular  de- 
bris, with  here  and  there 
rhombic  crystals  of  a  red 
dish  brown  colour.  The 
Crystals  of  pigment  have 
the  characters  of  those  of 
hsematoidin  and  bilirubin. 
Sometimes  Leucine  is  found 
in  opaque  clumps,  white  in 
colour  and  generally  strati- 
fied. Acicular  crystals  of 
Tyrosine  are  also  found. 

The  red  substance  does 
not  present  the  abundant 
fatty  debris  ;  that  has  been  cleared  away,  and  there  is  now  a  fibrous 
material  visible,  merely  sprinkled  with  fat  granules.  In  the  red 
substance  there  are  evidences  of  new-formation  in  the  form  of  gland- 
ular-looking processes,  which  has  been  taken  to  indicate  an  attempt  at 
regeneration  of  the  lost  hepatic  substance,  beginning  in  the  capillary 
network  of  the  hepatic  ducts. 

Besides  the  changes  in  the  liver,  there  are  lesions  of  a  somewhat 
similar  character  elsewhere,  especially  in  the  epithelium  of  the  kidneys 
and  the  muscular  fibre  of  the  heart.  The  symptoms  are  those  of  a 
general  disease. 


Fig.  419. — From  liver  in  acute  yellow  atrophy.  The 
hepatic  cells  form  irregular  clumps.  There  are  numerous 
pigment  crystals  of  similar  shape  to  the  crystals  of 
hsematoidin  (Fig.  41,  p.  122),  and  of  a  similar  deep  red 
colour,  but  smaller,    x  350. 
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Literature. — Frerichs,  Dis.  of  liver,  Syd.  Soc.  transl.,  1858-61 ;  Klebs,  Handb. 
i.,  186&;  Zenker,  (very  complete  articles)  D.  Arch.  f.  klin.  Med.,  x.,  166,  1872 ; 
Coats,  Brit.  Med.  Jour.,  1875,  i. ;  Ashley,  Liverp.  Med.  Chir.  Jour.,  1883;  Zander, 
(Microbes)  Virch.  Arch.,  lix.,  1874;  Tomkins  and  Dreschfeld,  Lancet,  1884,  i., 
606 ;  Boinet  et  Boy-Teissier,  Bev.  de  Med.,  1886 ;  Cornil  et  Brault,  (Phos- 
phorus poisoning)  Jour,  de  l'anat.  et  de  la  phys.,  1882 ;  Ossikowsky,  Wien.  Med. 
Wochenschr.,  1881;  Meder,  Ziegler's  Beitrage,  xvii.,  143;  Marchand,  ibid.,  206. 

V.— HYPERTROPHY  AND  REGENERATION  OF  THE  LIVER. 

Experiments  in  animals  have  shown  that  removal  of  portions  of 
the  liver  is  followed  by  a  regenerative  growth  of  the  various  structures 
of  the  organ,  this  growth  being  by  the  usual  process  of  Karyomitosis. 
The  growth  is  not  limited  to  the  neighbourhood  of  the  lesion,  but 
the  whole  liver  may  take  part  in  it.  It  has  been  stated  by  Ponfick 
that  after  removal  of  from  a  half  to  three  fourths  of  the  volume  of 
the  liver,  there  occurs  in  a  comparatively  short  time  such  a  compen- 
satory hypertrophy  of  the  rest  of  the  tissue  as  to  restore  the  original 
weight  of  the  organ. 

In  man  there  are  evidences  of  a  similar  power  of  compensatory 
hypertrophy  and  regeneration  when  portions  of  the  liver  are  lost  by 
disease  or  injury.  In  a  case  observed  by  the  author  there  had  been 
a  congenital  loss  of  a  large  part  of  the  right  lobe,  apparently  from 
some  injur}^  early  in  foetal  life,  as  the  right  kidney  was  also  wanting. 
In  this  case  the  left  lobe  was  greatly  increased  in  size,  and  the  liver 
as  a  whole  was  of  normal  dimensions.  A  similar  though  probably 
more  limited  compensatory  hypertrophy  occurs  from  destruction  of 
liver  tissue  in  adult  life.  The  destruction  may  be  by  syphilitic 
disease,  by  pressure  of  hydatids,  by  cicatrices,  and  even  by  cirrhosis. 
The  region  of  the  atrophy  will  determine  that  of  the  hypertrophy  ;  some- 
times the  left  lobe  or  the  lobus  Spigelii  undergoes  great  enlargement. 

There  are  some  cases  in  which  the  liver  as  a  whole  is  enlarged 
without  any  apparent  alteration  in  structure,  as  if  from  a  general 
hypertrophy.  This  is  commonly  the  case  in  rickets.  The  liver  is 
usually  but  not  always  enlarged  in  diabetes. 

Literature. — Hess,  Virch.  Arch.,  cxxi.  ;  Meister,  Centralbl.  f.  Allg.  Path.,  ii., 
1891;  Podwyssozki,  Ziegler's  Bertrage,  i.,  1886;  Ponfick,  Festschr.  f.  Virchow, 
1891 ;  Coats,  Proc.  Lond.  Med.  Soc,  vii. 

VI. — INFLAMMATIONS  OF  THE  LIVER. 

1.  Suppurative  hepatitis. — Acute  suppurative  inflammation  occurs 
in  connection  with  septic  processes,  which  have  been  propagated  to 
the  liver. 
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(a)  The  Tropical  abscess  is  scarcely  ever  met  with  in  this  country, 
except  in  persons  who  have  been  in  hot  climates,  especially  in  India. 
Much  doubt  exists  as  to  the  cause  of  the  inflammation  which  gives 
rise  to  the  abscess.  In  a  large  proportion  of  cases  it  is  associated 
with  dysentery,  and  it  is  believed  by  many  that  the  abscess  in  the 
liver  arises  by  the  amoeba  coli  or  by  septic  microbes  being  carried 
from  the  ulcerated  intestine  to  the  liver.  This  view,  however,  is  not 
beyond  question,  and  post-mortem  examination  shows  that  the  tropical 
abscess  is  by  no  means  uniformly  associated  with  dysentery.  It  is 
possible,  indeed,  that  an  existing  abscess  by  causing  congestion  of 
the  portal  circulation  may  predispose  to  inflammation  of  the  intestine 
(Finlayson).  It  is  not  unlikely  that  certain  states  of  the  liver  pre- 
dispose to  the  development  of  the  agents  in  question,  and  that  they 
may  find  entrance  to  the  body  without  any  lesion  of  the  intestine. 

A  confirmation  of  this  view  is  furnished  by  the  fact,  testified  by  Dr.  David 
Wilkie  of  Simla,  that  in  India,  while  the  death  rate  from  dysentery  among 
natives  is  not  far  from  that  among  Europeans,  that  from  hepatitis  is  propor- 
tionally greater  amongst  Europeans,  probably  from  predisposition,  brought  about 
by  their  mode  of  living  and  racial  characteristics.  Thus  in  the  European  and 
native  armies  from  1877  to  1886  the  death-rate  from  dysentery  per  1000  men 
was  1*33  and  1-25  respectively  (or,  including  diarrhoea,  1*57  and  2-27),  whereas 
the  death-rate  from  hepatitis  was  1*45  in  the  European  and  0*17  in  the  native 
army.  This  is  more  strikingly  apparent  in  the  deaths  in  the  jails  of  India 
(natives),  the  death-rate  being,  dysentery  and  diarrhoea,  1877-1886,  19-13; 
hepatitis,  0-22. 

The  abscess  is  mostly,  but  not  always,  solitary,  and  before  death 
it  generally  grows  to  large  dimensions,  causing  great  enlargement 
of  the  liver.  Having  approached  the  surface,  it  sometimes  causes  a 
marked  projection  from  the  liver.  The  abscess  may  rupture  into 
the  peritoneum  and  cause  fatal  peritonitis,  or  its  capsule  having 
become  adherent  to  the  abdominal  wall  the  abscess  may  by  and 
by  find  its  way  to  the  surface  of  the  body,  there  to  discharge. 
It  also  occasionally  bursts  in  other  directions,  as  through  the  dia- 
phragm into  the  pleural  cavity,  or  lung;  into  the  colon  or  other 
part  of  the  intestine ;  or  into  the  gall  bladder,  from  which  the  pus 
is  carried  to  the  duodenum.  In  these  various  ways  the  pus  may 
be  disposed  of  and  perhaps  recovery  occur,  but  more  frequently  a 
wasting  discharge  from  the  cavity  of  the  abscess  remains. 

In  other  cases  the  abscess  does  not  enlarge,  but  rather  dries-in.  A 
thick  connective  tissue  capsule  forms  around  it  like  the  wall  of  a  cyst, 
and  the  pus  thickens  to  a  cheesy  consistence.  Afterwards  the  con- 
tents may  become  calcareous  and  the  disease  become  virtually  obsolete. 
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(b)  Pyemic  abscesses  are  produced  by  pyogenic  microccoci  con- 
veyed to  the  liver  by  the  blood.  They  may  be  carried  by  the 
hepatic  artery,  in  which  case  they  have  generally  been  absorbed 
from  a  septic  wound  and  have  traversed  the  lungs.  Such  abscesses 
will  usually  be  associated  with  similar  metastatic  abscesses  in  the 
lungs.  On  the  other  hand,  the  microbes  may  be  conveyed  by  the 
portal  vein,  being  associated  with  a  septic  thrombo-phlebitis  in  its  , 
radicles,  or  in  the  vein  itself.  The  author  has  twice  seen  abscesses 
in  the  liver  from  the  ulceration  of  gall-stones  into  the  portal  vein 
and  consequent  thrombo-phlebitis. 

Where  the  source  of  infection  is  in  the  systemic  venous  system 
the  abscesses  may  form  without  any  visible  thrombosis  or  embolism 
of  the  portal  or  hepatic  vessels.  It  appears  that,  if  the  microbes 
are  in  the  blood  reaching  the  liver,  they  may  settle  there  just  as 
other  granular  matter  may  do. 

The  microbes  multiply  and  form  zooglcea  in  the  capillaries  and 
interlobular  veins,  passing  into  the  central  veins.  Wherever  the 
colonies  extend  the  liver  tissue  undergoes  necrosis,  the  cells  lose  j 
their  nuclei  and  become  individually  indistinguishable.  Inflammation 
is  produced  around,  and  there  is  here,  as  elsewhere  under  similar 
circumstances,  an  acute  suppurative  inflammation.  The  round  cells 
accumulate  around  the  necrosed  portion,  and  gradually  infiltrate  it 
and  break  it  down,  so  that  an  abscess  forms. 

The  abscesses  in  this  form  are  always  multiple,  and  some  of  them 
may  attain  to  large  dimensions.  In  accordance  with  what  has  been 
stated  the  actual  abscess  is  preceded  by  a  grey  or  yellowish  dis- 
coloration indicating  the  existence  of  necrosis  of  the  tissue.  There 
will  be  probably  a  group  of  such  areas  corresponding  to  necrosed 
hepatic  lobules.  Ultimately  these  break  down  and  form  a  common 
abscess. 

(c)  Biliary  abscesses  occasionally  form  in  connection  with  obstruc- 
tion of  the  ductus  choledochus.  This  will  result  when  decomposition 
occurs  in  the  stagnant  bile  and  extends  into  the  ducts  in  the  substance 
of  the  liver.    (See  further  on  under  Obstruction  of  Bile  Ducts.) 

2.  Chronic  interstitial  hepatitis.    Cirrhosis. — We  have  to  do  here 
with  a  chronic  inflammation  of  the  interstitial  connective  tissue  off 
the  organ. 

Causation. — As  the  disease  occurs  for  the  most  part  homogeneously 
throughout  the  organ,  the  irritant  is  contained  in  the  blood  circulating 
in  the  liver.  The  name  "  gin-drinker's  liver,"  frequently  applied  to 
this  disease,  involves  the  view  that  alcohol  is  commonly  the  irritant. 
Alcohol  taken  frequently  in  the  form  of  undiluted  spirits  is  believed 
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to  cause  the  disease,  while  beer  and  wine  do  not.  But  the  disease 
may  originate  from  other  kinds  of  irritation  whose  nature  is  obscure. 
It  has  been  produced  experimentally  by  chronic  poisoning  with  phos- 
phorus and  cantharides,  and  it  probably  occurs  also  as  a  result  of 
syphilis.  It  has  been  met  with  in  young  children,  and  the  author- 
has  recorded  a  case  in  which  a  typical  cirrhosis,  with  the  usual 
secondary  phenomena,  occurred  in  a  cat.  The  fact  that  it  was  a 
butcher's  cat  may  indicate  that  it  indulged  in  excess  of  eating  rather 
than  of  drinking.  Greenfield  has  also  recorded  two  cases  of  cirrhosis 
in  the  cat. 

It  has  been  asserted  of  recent  years  that  obstruction  of  the  bile 
ducts  is  a  cause  of  cirrhosis,  and  a  special  form  of  Biliary  cirrhosis 
has  been  distinguished.  There  are  undoubtedly  cases  which  have 
this  origin,  but,  on  the  other  hand,  there  are  many  cases  of  biliary 
obstruction  with  no  such  result.  In  any  case  biliary  cirrhosis  forms 
a  small  proportion  of  the  cases  of  cirrhosis,  and  on  the  whole  the 
disease  is  hematogenous  in  its  origin. 


Fig.  420.— Cirrhosis  of  liver  in  earlier  stage.  The  connective  tissue  is  occupied  by 
numerous  round  cells  which  are  involving  the  peripheral  parts  of  the  lobules,  the 
hepatic  cells  being  here  frequently  isolated  in  the  midst  of  the  round  cells,    x  75. 

Character  of  the  lesions. — In  cirrhosis  we  have  chronic  inflam- 
mation of  the  connective  tissue  of  the  liver,  resulting  in  new-formation 
of  a  similar  tissue.    The  interstitial  connective  tissue  of  the  liver 
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follows,  as  we  have  seen,  the  portal  vessels,  forming  a  frame-work 
in  which  are  supported  the  portal  vein  and  its  branches,  the  hepatic 
artery  and  hepatic  duct.  The  new-formation  occurs  in  the  great 
majority  of  cases  only  in  these  regions,  that  is  to  say,  outside  the 
lobules.  In  the  earlier  stages  the  affected  connective  tissue  is 
abundantly  cellular,  like  granulation  tissue,  and  the  process  of  new- 
formation  is  evidently  similar  in  its  details  to  that  in  other  chronic 
inflammations  (see  Fig.  420). 

As  a  general  rule  the  new-formed  tissue  undergoes  development 
into  dense  connective  tissue  which  has  a  tendency  to  shrink.  By 
its  shrinking  it  causes  Atrophy  of  the  proper  hepatic  tissue.  As 
the  cirrhosis  is  usually  multilobular  the  contracting  tissue  isolates 
groups  of  lobules  of  larger  or  smaller  size,  and  these,  consisting  of 
soft  tissue,  stand  out  somewhat  when  the  liver  is  divided,  or  present 
themselves  prominently  at  the  surface.  There  are  thus  areas  of 
remaining  hepatic  tissue  which  are  being  gradually  encroached  on 
by  the  connective  tissue.  The  atrophy  of  the  hepatic  tissue  takes 
place  by  the  supply  of  blood  being  cut  off.  By  the  contraction  of 
the  new-formed  tissue  the  portal  vessels,  and  especially  the  inter- 
lobular branches,  are  narrowed.  The  hepatic  artery  is  not  much 
affected  by  the  contracting  tissue.  Indeed,  as  the  hepatic  artery 
supplies  the  active  connective  tissue  there  is  a  new-formation  of 
capillary  blood-vessels  in  connection  with  its  terminal  branches. 
Injected  preparations  show  that  the  hepatic  artery  is  pervious,  and 
that  the  new-formed  connective  tissue  is  highly  vascular. 

The  destruction  of  the  hepatic  cells  takes  place  to  a  large  extent 
by  fatty  degeneration,  and  one  can  often  see,  in  the  midst  of  con- 
nective tissue,  islands  representing  hepatic  tissue  consisting  of  little 
more  than  collections  of  oil  drops  (see  Fig.  421).  The  hepatic  tissue 
is  also  commonly  stained  with  bile  pigment  of  a  yellow  or  brown 
colour,  and  this  we  may  associate  with  obstruction  of  the  bile  ducts 
by  the  contracting  connective  tissue.  For  the  most  part  the  pigment 
is  biliary,  but  it  is  also  to  some  extent  blood  pigment  arising  from 
the  obstruction  to  the  circulation.  The  connective  tissue  is  also 
commonly  stained,  and  to  the  naked  eye  the  cut  surface  has  a  yellow 
colour,  sometimes  with  here  and  there  quite  an  orange  tint.  The 
name  of  the  disease,  cirrhosis,  was  originally  applied  from  the  colour 
of  the  altered  organ. 

A  prominent  feature  in  microscopic  examination  in  many  cases  is 
the  presence  of  narrow  elongated  canals,  lined  with  epithelium,  which 
are  usually  described  as  Capillary  bile  ducts.  They  are  present  in 
the  midst  of  the  connective  tissue,  sometimes  very  abundantly,  and 
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as  no  such  ducts  exist  there  normally,  they  are  in  a  certain  sense 
new-formed.  By  some  authors  (especially  Charcot  and  Gombault) 
they  are  regarded  as  entirely  new-formed,  and  their  existence  is 


Fig.  421.— Cirrhosis  of  liver  in  an  advanced  stage,  shown  with  a  very  low  power. 
There  are  great  areas  of  tibrous  connective  tissue,  in  the  midst  of  which  are  islands 
of  hepatic  tissue  having  an  opaque  appearance  from  the  presence  of  fat  in  the  cells. 
X  20. 

taken  as  characteristic  of  a  special  form  of  cirrhosis.  They  are, 
however,  to  be  found  in  all  forms  of  cirrhosis,  and  they  are  prob- 
ably to  be  regarded  as  the  biliary  capillaries,  which  have  survived 
the  destruction  of  the  hepatic  tissue.  The  larger  bile  ducts,  which 
run  in  the  capsule  of  Glisson,  are  unaltered,  not  being  apparently 
affected  by  the  shrinking  connective  tissue. 

In  its  macroscopic  appearances  the  liver  varies  considerably.  In 
the  earlier  stages  it  is  enlarged,  but  as  a  result  of  the  changes 
detailed  above  it  undergoes  atrophy  and  distortion.  The  connective 
tissue  contracts,  and  as  it  is  irregularly  distributed  the  contraction 
is  irregular.  The  surface  of  the  organ  presents  larger  or  smaller 
projections  consisting  of  the  less  affected  hepatic  tissue  between  the 
cicatricial  depressions.  These  projections  may  be  comparatively 
large,  forming  the  Hob-nail  appearance  of  the  surface,  or  they  may 
be  smaller,  giving  a  generally  granular  appearance.  They  are 
usually  yellow  or  brown  and  opaque,  being  fatty  and  stained  with 
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pigment.  Sometimes  there  is  special  shrinking  of  the  left  lobe,  and 
generally  there  is  dragging  in  of  the  edges,  so  that  the  liver  assumes 
more  of  a  compacted  form,  being  perhaps  even  thicker  than  usual, 
but  reduced  in  superficies.  It  is  dense  to  the  feeling,  and  more 
tough  to  cut  than  normal.  On  the  cut  surface  it  may  be  possible 
with  the  naked  eye  to  make  out  the  grey  connective  tissue,  with 
islands  of  opaque  or  pigmented  hepatic  tissue  in  it. 

The  terms  Biliary  cirrhosis  and  Hypertrophic  cirrhosis  are  in  frequent  use,  especi- 
ally in  French  medical  literature.  The  former  of  these  was  used  by  Charcot 
to  indicate  the  mode  of  origin  of  the  affection,  the  expression  indicating  that 
the  irritation  extended  from  the  bile-ducts.  This  form  was  distinguished  in  its 
causation  from  the  hematogenous  or  venous,  in  which  the  irritation  extended 
from  the  blood-vessels.  The  biliary  form  arises  in  connection  with  obstruction 
and  inflammation  of  the  bile  ducts.  In  this  form  there  are,  according  to  Charcot 
and  Gombault,  two  distinctive  features,  namely,  (1)  that  the  new-formation  of 
connective  tissue  exists  somewhat  uniformly,  so  that  the  individual  lobules  are 
surrounded  by  it — the  so-called  Monolobular  cirrhosis;  and  (2)  that  the  capillary 
ducts  already  referred  to  are  visible.  To  this  last  condition  great  importance 
has  been  attached. 

It  is  to  be  acknowledged  as  a  result  of  experiment  that  obstruction  of  the 
bile  ducts  leads  to  an  increase  of  connective  tissue  in  the  liver,  and  to  a  mono- 
lobular cirrhosis.  In  man  such  a* result  sometimes  follows  on  biliary  obstruction. 
It  did  so  in  a  case  observed  by  the  author  of  congenital  stenosis  of  the  bile 
ducts.  There  was  great  biliary  infiltration  and  an  extreme  monolobular  cirr- 
hosis. At  the  same  time,  as  cirrhosis  is  by  no  means  a  constant  result  of 
biliary  obstruction,  there  must  be  an  element  yet  to  be  elucidated. 

Hypertrophic  cirrhosis  is  a  name  given  by  another  French  author,  Hanot,  and 
it  applies  to  the  same  class  of  '  cases.  The  biliary  monolobular  cirrhosis  is 
characterized  by  hypertrophy  of  the  liver. 

The  ordinary  alcoholic  cirrhosis  in  its  early  stage  may  show  considerable 
hypertrophy,  the  new-formation  may  be  monolobular  in  its  distribution,  and 
there  may  be  the  most  marked  new-formation  of  capillary  ducts. 

The  author  is  able  to  refer  to  a  case  which  he  examined  post  mortem.  It 
was  carefully  watched  for  six  weeks  during  life  by  Professor  Gairdner.  When 
first  observed  there  was  great  enlargement  of  the  liver,  and  there  was  reason  to 
believe  that  it  had  been  greater.  The  patient  had  been  addicted  to  alcohol  for 
over  two  years.  There  were  haemorrhages  from  stomach  and  bowels,  and  marked 
ascites,  but  little  or  no  jaundice.  After  death  the  liver  was  found  small,  weighing 
43  oz.,  and  finely  granular  on  the  surface.  There  was  a  great  excess  of  connective 
tissue,  which  presented  many  round  and  spindle-shaped  cells,  and  was  mono- 
lobular in  its  distribution.  The  hepatic  cells  contained  abundant  fat  in  small 
and  large  drops.  In  this  case  the  cirrhosis,  although  monolobular  and  at  one 
period  hypertrophic,  was  not  connected  with  obstruction  of  the  bile  ducts. 

Outside  the  liver  the  principal  changes  depend  on  Obstruction  of 
the  portal  circulation.  The  connective  tissue  narrows  the  portal 
vessels  in  the  liver,  and  this  leads  to  a  chronic  passive  hyperemia 
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in  all  the  radicles  of  this  vein,  in  the  peritoneum,  in  the  mucous 
membrane  of  the  stomach  and  intestine,  in  the  spleen,  and  so  on. 
The  most  frequent  consequence  is  ascites,  but  we  also  meet  with 
haemorrhages  from  the  mucous  membranes,  especially  of  the  stomach 
and  large  intestine,  as  well  as  catarrh.  The  spleen  also  is  en- 
larged. Occasionally  thrombosis  of  the  hepatic  vein  results,  and 
this  may  extend  to  the  vena  cava.  A  very  large  hemorrhagic 
infarction  of  the  lung  was  observed  by  the  author  as  a  result  of 
embolism  from  a  softened  thrombus  of  this  kind. 

The  obstruction  of  the  portal  vein  often  leads  to  widening  of  the 
venous  channels  which  form  communications  between  the  portal 
radicles  and  the  Systemic  veins.  In  this  way  we  may  have  great 
dilatation  of  the  internal  hemorrhoidal  veins  (leading  to  piles)  and 
of  the  hypogastric.  The  cutaneous  branches  of  the  latter  often  stand 
out  prominently  on  the  abdominal  wall.  The  hemorrhoidal  veins 
also  communicate  with  the  vesical,  and  these  latter  may  undergo 
dilatation.  There  may  also  be  widening  of  communications  with 
the  veins  of  the  diaphragm  and  oesophagus,  which  have  sometimes 
been  found  highly  varicose.  Another  channel  occasionally  met  with 
is  a  small  vein  which  runs  from  the  portal  vein  to  the  umbilicus. 
In  some  cases  this  is  so  much  enlarged  as  to  approach  the  size  of 
the  portal  vein  itself. 

The  patient  generally  dies  from  the  disorders  due  to  the  con- 
tinuous passive  hyperemia — the  persistent  catarrh  of  the  alimentary 
canal,  perhaps  with  hemorrhages,  the  ascites,  etc.  There  is  great 
emaciation  and  sometimes  icterus.  It  is  not  clear  that  the  mere 
loss  of  the  function  of  the  liver  bears  an  important  part  in  the 
fatal  result. 

3.  Perihepatitis. — This  condition  is  an  inflammation  of  the  capsule 
of  the  liver,  and  it  is  always  secondary  to  some  other  lesion.  A 
chronic  pleurisy  of  the  right  side  often  extends  through  the  dia- 
phragm, and  causes  inflammation  of  the  subjacent  peritoneum, 
including  the  under  surface  of  diaphragm  and  upper  surface  of 
liver,  so  that  firm  adhesion  is  the  result.  This  is  often  the  case 
in  phthisis  pulmonalis.  A  general  chronic  or  acute  peritonitis 
usually  involves  the  capsule  of  the  liver  as  well  as  other  parts  of 
the  peritoneum.  Sometimes  cirrhosis  or  syphilitic  disease  of  the 
liver  extends  to  the  capsule. 

The  inflammation  is  in  most  cases  chronic,  and  results  in  a 
thickening  of  the  capsule.  Sometimes  there  are  shaggy  papilliform 
projections  from  the  capsule,  and  there  is  frequently  adhesion  to 
the   parts   around,  especially  to   the   diaphragm.     The  thickened 


900 


THE  LIVER. 


capsule  undergoes  contraction  like  the  new-formed  connective  tissue 
in  other  inflammations,  and  the  result  frequently  is  considerable 
deformity  of  the  liver.  The  capsule,  contracting  all  round  the  liver, 
doubles-in  its  anterior  edge,  causing  the  organ  to  assume  an  approach 
to  the  globular  shape.  The  contraction  causes  also  atrophy  of  the 
liver  tissue,  and  seriously  interferes  with  the  circulation  in  the  organ. 

Literature. — Suppurative  inflammations — Frerichs,1.c;  Murchison,1.c;  Buckling, 
36  Falle  v.  Leberabscess.,  1868;  Klebs,  Handb.,  ii.  ;  Budd,  Dis.  of  liver,  2nd  ed., 
1852;  Dickinson,  Path,  trans.,  xxxii.,  1881;  Fayrer,  Tropical  dysentery  and, 
diarrhoea,  liver  abscess,  etc.,  1881;  Finlayson,  (with  literature)  Glas.  Med.  Jour., 
v.,  1873.  Cirrhosis — Budd,  Frerichs,  etc.,  1.  c. ;  Liebermeister,  Beitrage  z.  path. 
Anat.  u.  Klinik.  der  Leberkrankheiten ;  Charcot,  Lemons  sur  les  malad.  du  foie, 
1877 ;  Hanot,  Cirrhose  hypertrophique  avec  ictere.,  1876  ;  Saundby,  Path,  trans., 
xxx.,  1879;  Legg,  (Expers.  by  ligature  of  bile  duct)  St.  Barth.  Hosp.  Bep.,  ix., 
1873 ;  Osler,  Med.  Times  and  Gazette,  1881 ;  Dreschfeld,  Jour,  of  Anat.  and 
Phys.,  xv.;  Brieger,  Virch.  Arch.,  lxxv.,  1879;  Kronig,  (Cirrhosis  from  phos- 
phorus-poisoning) Virch.  Arch.,  ex.,  1887. 

VII. —SYPHILIS  AND  TUBERCULOSIS  OF  THE  LIVER, 

1.  Syphilis. — The  changes  in  the  liver  in  syphilis  are  very  marked, 
and  somewhat  frequent.  It  manifests  itself  for  the  most  part  as  an 
indurative  interstitial  inflammation,  with  or  without  the  formation 
of  gummata.  There  may  be  a  Cirrhosis  indistinguishable  from  the 
ordinary  forms  of  this  disease,  and  only  judged  to  be  syphilitic  from 
other  circumstances.  Sometimes  in  the  midst  of  the  general  new- 
formation  of  connective  tissue  there  are  numerous  Small  gummata 
about  the  size  of  peas,  distinguished  especially  by  their  caseous 
condition. 

For  the  most  part,  however,  the  disease  is  localized.  To  the 
naked  eye  the  liver  is  seen  to  present  one  or  several  Cicatrices 
which  often  make  deep  indentations  in  its  surface.  These  cicatrices 
are  most  frequent  in  the  neighbourhood  of  the  suspensory  ligament. 
On  cutting  into  the  middle  of  the  cicatrix  a  Gumma  with  its 
central  part  caseous  is  usually  divided.  The  periphery  of  the  gumma 
is  not  distinctly  demarcated  from  the  surrounding  connective  tissue 
which  extends  outwards  into  the  hepatic  tissue.  Other  gummata 
may  be  found  more  deeply  in  the  liver  tissue,  and  these  also  are 
surrounded  by  cicatricial  tissue. 

The  cicatrix  is  composed  of  fibrous  tissue,  and  the  gumma  itself 
frequently  presents  irregular  strands  of  connective  tissue,  but  giving 
place  to  round-cell  tissue.  The  central  caseous  portion  contains 
merely  granular  debris  (see  Fig.  422).    Sometimes  at  the  periphery 
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of  the  gumma  there  is  great  dilatation  of  blood-vessels,  giving  almost 
.a  cavernous  appearance. 


Fig.  422. — Gumma  of  liver,  a,  Normal  hepatic  lobules  ;  b,  recent  tissue  of  gumma 
with  dilated  blood-vessels  ;  c,  caseous  part  of  gumma  ;  d,  d.  d,  connective  tissue  out- 
side gumma  extending  into  the  hepatic  tissue.    X  1(3. 

When  there  are  a  considerable  number  of  gummata,  the  cirrhosis 
may  be  nearly  continuous,  but  with  special  cicatricial  contractions 
at  intervals  corresponding  to  the  gummata.  The  liver  in  this  way 
may  assume  a  very  striking  appearance,  as  if  subdivided  into  mani- 
fold small  lobes.  Be  the  cicatrices  large  or  small  in  number,  the 
lobed  and  subdivided  condition  is  characteristic  of  the  syphilitic 
liver. 

The  liver  is  sometimes  found  affected  in  infants  who  are  the 
subjects  of  Congenital  syphilis.  It  may  be  a  general  induration 
forming  a  cirrhosis,  usually  with  enlargement  and  perhaps  numerous 
small  gummata  ;  or  the  induration  may  be  more  localized,  but  never 


902 


THE  LIVER. 


with  that  cicatricial  condition  which  we  find  in  acquired  syphilis. 
The  connective  tissue  formation  in  this  case  does  not  confine  itself 
to  the  neighbourhood  of  the  portal  vessels,  but  extends  into  the 
lobules,  so  that  between  the  cells  and  around  the  capillaries  there 
is  connective  tissue,  forming  the  so-called  Monocellular  cirrhosis  of 
Charcot. 

2.  Tuberculosis. — Secondary  tuberculosis  of  the  liver  is  very  fre- 
quent, while  primary  tuberculosis  is  exceedingly  rare. 

Primary  tuberculosis,  in  the  few  cases  which  have  been  recorded, 
was  in  the  form  of  solitary  tubercles  like  those  in  the  brain.  In 
one  recorded  case  the  mass  reached  the  size  of  the  fist. 

Secondary  tuberculosis.  In  ordinary  local  tuberculosis  of  various 
organs  a  few  bacilli  get  into  the  blood  and  reach  the  liver  at  intervals, 
where  the  conditions  of  the  circulation  allow  of  their  settlement. 
The  resulting  tubercles  are  so  small  as  to  be  scarcely  visible  to  the 
naked  eye.  The  tubercles  are  not  very  numerous  but  sufficiently 
so  as  to  be  readily  detected  in  microscopic  sections.  In  this  class 
of  cases  the  tubercles  are  in  various  stages,  most  of  them  old  and 
degenerated  in  their  central  parts.  Small  tubercles  are  thus  frequent 
in  the  liver,  yet  they  rarely  attain  to  more  than  microscopic 
dimensions,  and  the  condition  can  scarcety  be  called  a  tuberculosis. 

In  acute  miliary  tuberculosis  the  bacilli  are  abundant  in  the  blood 
and  the  tubercles  in  the  liver  are  very  numerous,  although  still  so 
small  as  to  be  with  difficulty  seen  with  the  naked  eye.  The  tubercles 
here  are  usually  found  in  an  earlier  stage  and  they  present  the 
typical  structure,  the  giant-cells  being  often  very  prominent. 

A  very  rare  form  is  Tuberculosis  of  the  bile  ducts.  It  occurs  in 
the  form  of  large  caseous  nodules  with  cavities  in  the  centres  which 
are  filled  with  softened  matter  coloured  with  bile.  The  wall  of 
the  cavities  shows  tubercles.  It  is  possible  that  in  this  form  the 
extension  may  be  by  the  lymphatics  from  the  porta  of  the  liver. 

Besides  syphilis  and  tuberculosis  we  have  Glanders  manifesting 
itself  in  the  liver,  especially  in  horses.  The  nodules  are  moderate 
in  size  and  tend  to  calcify.  Leprosy  produces  nodules  in  the  con- 
nective tissue.  There  are  also  new-formations  occasionally  in  typhoid 
fever  and  diphtheria. 

Literature. — Syphilis — Lang,  (with  literature)  Vorles.  iiber  d.  Syph.,  1885; 
Baumler,  in  Ziemssen's  Cycl.,  iii.,  1875;  Birch-Hirschfeld,  (Hereditary  syph.) 
Arch.  d.  Heilk.,  xvi. ;  Moxon,  Path,  trans.,  xxiii.,  1872;  Hutchinson,  Syphilis, 
1887.  Tuberculosis — Simmonds,  Deutsch.  Arch.  f.  klin.  Med.,  xxvii.,  1880 ; 
Arnold,  Virch.  Arch.,  lxxxii.,  1880;  Orth,  ibid.,  lxvi.,  1876. 
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VIII.  -  TUMOURS  AND  PARASITES  OF  THE  LIVER. 

Cavernous  angioma  of  the  liver  is  the  commonest  form  of  primary 
tumour.  Its  structure  has  already  been  described  (see  p.  273  and 
Fig.  112).  It  develops  apparently  by  dilatation  of  the  existing 
capillaries  and  atrophy  of  the  intervening  hepatic  cells,  so  that  the 
tumour  replaces  a  certain  portion  of  hepatic  tissue.  When  seated 
immediately  under  the  capsule  the  tumours  are  visible  as  red  blotches, 
and  on  section  they  have  a  red  colour  and  collapsed  appearance. 
Usually  it  is  only  after  the  blood  is  washed  out  that  the  white 
trabecular  become  visible.  The  tumours  present  great  varieties  of 
size  and  may  be  as  large  as  the  fist.  They  occasionally  project 
outwards  from  the  general  surface  of  the  liver,  but  are  generally 
level  with  this  surface. 

A  case  has  been  described  by  Ziegler  of  multiple  Fibroneuroma 
in  the  liver  on  the  fibres  of  the  sympathetic,  there  being  similar 
tumours  on  the  various  nerves  of  the  body  except  the  olfactory 
and  optic. 

Cysts  are  not  infrequent  in  the  liver,  and  they  may  be  multiple. 
It  is  curious  that  multiple  cysts  of  the  kidneys  and  liver  frequently 
co-exist,  both  forms  being  probably  of  congenital  origin.  The  cysts 
in  some  cases  replace  a  considerable  portion  of  the 
liver-tissue  as  in  Fig.  423,  which  represents  in 
section  about  two-thirds  of  the  liver.  A  group  of 
bulky  thin-walled  cysts  occupies  a  large  part  of 
the  liver  substance.  There  is  rarely  an  extreme 
transformation  of  the  whole  liver  or  a  great  part 
of  it,  such  as  occurs  in  cystic  transformation  of  the 
kidneys. 

In  Leukaemia  the  liver  is  very  frequently  the  seat 
of  new-formations.  This  may  take  the  form  of  a  liver,  seen  in  section, 
general  infiltration  of  the  interstitial  connective  theextremitjfo? the 
tissue,  but  it  often  occurs  as  individual  small  nodules,  nght  lobe' 
somewhat  resembling  miliary  tubercles  but  without  the  presence  of 
giant-cells  or  any  tendency  to  caseation.  The  round  cells  which 
form  the  nodules  have  been  observed  to  show  evidences  of  karyo- 
mitosis.  The  capillaries  are  commonly  filled  with  leucocytes  and 
the  liver  as  a  whole  is  much  enlarged.  Similar  conditions  are 
observed  sometimes  in  Hodgkin's  disease. 

Concerning  Adenoma  of  the  liver  there  is  considerable  variety  in 
statement  and  opinion,  mainly  because,  on  the  one  hand,  this  form 
of  tumour  is  rare,  and,  on  the  other,  there  are  tumours  concerning 
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which  it  is  difficult  to  say  whether  they  should  be  called  cancers  or 
adenomas.  The  form  designated  Nodular  hyperplasia  is  clearly  an 
adenoma,  and  the  name  may  with  convenience  be  confined  to  this 
form,  as  the  other  so-called  adenomas  have  more  the  habit  of  cancers. 
It  occurs  as  solitary  or  multiple  tumours  which,  while  perfectly  defined, 
have  a  similar  structure  to  the  proper  hepatic  tissue,  the  cells  being 
usually  larger  and  some  having  double  nuclei.  If  single  the  tumour 
may  reach  the  size  of  a  cherry  or  larger  ;  if  multiple  they  are  smaller. 
The  larger  ones  are  sometimes  surrounded  by  a  connective  tissue 
capsule.  These  tumours  are  of  no  practical  consequence  and  are 
met  with  accidentally.  They  are  not  uncommon  in  the  liver  of 
the  dog. 

Adenoma  of  the  liver  is  not  infrequently  associated  with  Cirrhosis, 
but  the  nature  of  the  connection  is  not  apparent. 

Primary  cancer. — This  form  of  tumour  is  infrequent  compared  with 

secondary  cancer,  but 
in  itself  is  not  very 
uncommon.  It  occurs 
sometimes  as  a  mas- 
sive tumour  involving 
a  large  part  of  the 
liver,  but  in  addition 
to  this  large  tumour 
there  are  frequently 
numerous  secondary 
ones  in  the  liver  sub- 
stance (see  Fig.  424). 
In  some  cases  the 
growth  seems  to  arise 
from  the  bile  ducts  at 
the  porta  of  the  liver, 
and  to  extend  into 
the  substance  of  the  organ.  In  regard  to  structure  several  forms  have 
been  distinguished,  of  which  the  principal  are  these  : — 

Cylinder-celled  epithelioma  is  a  rare  form  of  tumour  in  the  liver ; 
it  is  sometimes  described  under  the  name  of  tubular  adenoma.  In 
its  structure  it  closely  resembles  the  similar  tumours  of  the  stomach 
and  rectum,  consisting  of  tubular  gland-like  processes  with  cylindrical 
epithelium.  As  is  usual  with  this  class  of  tumours  the  cells  in 
many  of  the  alveoli  are  variously  shaped  and  the  typical  structure  is 
only  visible  at  the  growing  margins.  There  may  be  several  tumours 
or  one  large  one.    The  structure  of  the  tumour  suggests  an  origin 


Fig.  424.— Primary  cancer  of  liver  with  secondary  nodules.  The 
bulky  tumour  in  the  anterior  part  of  the  right  lobe  is  the  primary 
cancer.   (From  a  painting  by  Dr.  A.  Macphail.) 
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from  the  hepatic  ducts,  but  according  to  Rindfleisch  the  gland-pro- 
cesses arise  from  the  hepatic  cells  inside  the  lobules.  This  form  of 
tumour  is  not  usually  malignant,  but  in  a  case  recorded  by  Greenfield 
secondary  extension  to  a  lymphatic  gland  and  to  the  lungs  had 
occurred. 

The  primary  cancer  in  the  liver  has  more  frequently  the  structure 
of  Ordinary  cancer,  which  sometimes  has  the  dense  characters  of 
Scirrhus.  It  may  involve  a  considerable  portion  of  the  liver,  perhaps 
the  whole  left  lobe,  and  by  shrinking  reduce  it  to  small  dimensions. 
In  structure  the  tumour  presents  the  ordinary  characters.  At  the 
marginal  parts  it  may  be  seen  sending  processes  into  the  hepatic 
capillaries  and  into  the  branches  of  the  portal  and  hepatic  veins. 

There  are  also  cases  of  so-called  Infiltrated  or  Diffuse  cancer  in 
which  the  whole  liver  is  affected.  The  organ  is  enlarged  and  granular 
on  the  surface,  resembling  the  appearances  in  cirrhosis.  There  is 
here  also  a  great  increase  of  connective  tissue,  but  in  its  meshes 
there  is  cancerous  and  not  liver  tissue.  This  form  is  sometimes 
called  Cirrhosis  carcinomatosa.    It  is  as  if  there  had  been  a  great 

o 

transformation  or  replacement  of  the  liver  tissue  by  cancer. 

Lastly  there  is  the  form  in  which  the  cancer  originates  in  the 
larger  ducts  and  extends  along  the  capsule  of  Glisson.  The  radiating 
appearance  of  the  new-formation  is  visible  in  this  form,  and  there 
is  also  obstruction  of  the  ducts  with  retention  of  the  bile  and 
icterus. 

Secondary  cancer. — This  is  of  very  frequent  occurrence  in  the  liver. 
There  may  be  a  direct  extension  of  a  cancer  from  the  gall-bladder 
or  the  stomach.  In  the  latter  case  the  organ  becomes  adherent 
and  the  cancer  grows  into  the  liver.  There  may  thus  be  a  large 
tumour,  sometimes  with  a  cavity  communicating  with  an  ulcerated 
surface  in  the  stomach. 

Metastatic  cancer  is  more  frequent.  The  primary  tumour  is 
usually  in  the  stomach  or  intestine,  but  it  may  be  in  the  oesophagus, 
uterus,  mamma,  or  elsewhere.  In  most  cases  the  cancer  extends 
to  the  liver  by  the  portal  vessels  (see  further  on  as  to  Extension  of 
Cancers  in  the  Abdomen),  but  it  may  also  occur  by  the  hepatic 
artery  in  cases  of  cancer  of  the  mamma  and  other  external 
parts. 

As  the  cancer  is  sown  in  every  part  of  the  liver,  the  consequence 
is  the  development  of  numerous  tumours  which  may  be  found  in 
all  stages  of  growth.  It  is  usual  to  find  a  large  number  of  isolated 
tumours  of  circular  form  and  pale  colour  (see  Fig.  425).  They  are 
seated  in  the  liver  tissue,  but  those  near  the  surface  produce  rounded 
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elevations  which  can  often  be  felt  through  the  abdominal  parietes 
during  life.    Even  to  the  naked  eye  the  tumours  show  evidences  of 

fatty  degeneration  in 
the  appearance  of  an 
opaque  yellow  colora 
tion.  The  absorption 
of  the  degenerated  cells 
is  also  indicated  by  the 
partial  contraction  of 
the  larger  tumours  in 
their  central  parts.  In 
the  superficial  ones  a 
dimpling  or  Umbilica- 
tion  of  the  rounded  pro- 
jections is  commonly 
visible.  The  liver,  as  a 
whole,  is  sometimes 
enormously  enlarged, 
weighing  not  infre- 
quently as  much  as  ten 
or  twelve  pounds. 
An  exceedingly  rare  form  of  secondary  cancer  is  that  represented 


Fig.  425. — Piece  of  liver  with  secondary  cancerous  tumours 
in  it.  A  larger  one,  a,  is  viewed  from  the  surface.  Another 
large  one,  b,  in  section.  There  are  several  smaller  tumours,  c,  c. 
d,  a  vein  in  section.  (Virchow.) 


Fig.  426.— Cystic  cancer  of  liver.    (From  a  painting  by  Dr.  A.  Macphail.) 

in  Fig.  426,  in  which  there  was  a  congeries  of  cysts  as  well  as  solid 
tumours,  the  walls  of  the  cysts  and  the  tissue  of  the  solid  tumours 
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presenting  cancerous  tissue.  The  cysts  arose  by  necrosis  of  the  tissue 
and  contained  blood  and  debris. 

In  some  cases  the  new-formation  is  not  so  much  in  the  form  of 
individual  tumours  as  a  general  Cancerous  infiltration,  as  if  almost 
throughout  the  liver  a  simultaneous  development  had  occurred,  and 
the  cancerous  tissue  had  grown  vigorously,  displacing  the  proper 
hepatic  tissue. 

In  structure  the  secondary  tumours  follow  the  primary  ones.  For 
the  most  part  it  is  soft  cancers  of  the  stomach  that  form  the  original 
tumours,  and  we  have  a  well-formed  stroma  with  irregular  masses  of 
epithelial  cells.  But  sometimes  the  primary  tumour  is  an  epi- 
thelioma, and  in  that  case  the  tumours  in  the  liver  are  usually 
fewer  in  number,  firmer  and  more  distinctly  defined.  When  the 
primary  tumour  is  in  the  oesophagus  the  structure  may  be  that 
of  the  Flat-celled  epithelioma  with  regular  laminated  capsules. 
When  the  primary  tumour  is  in  such  a  position  that  the  cancer 
reaches  the  liver  by  the  hepatic  artery,  the  tumours  are  usually 
smaller  in  size  and  the  liver  not  so  much  enlarged.  This  was  at 
least  very  strikingly  seen  in  a  case  observed  by  the  author,  where 
the  primary  tumour  was  in  the  mamma. 

The  cancerous  material  as  it  is  brought  by  the  blood  frequently 
develops  inside  the  vessels,  and  particularly  in  the  portal  veins  and 
the  capillaries.  The  growing  tumours  cause  atrophy  of  the  proper 
hepatic  tissue.  The  hepatic  cells  are  often  to  be  seen  at  the  peripheral 
parts  of  the  tumours  arranged  in  concentric  layers  as  pressure  is 
exercised,  and  in  various  stages  of  atrophy. 

The  numerous  developing  tumours  press  on  the  bile  ducts 
and  obstruct  them,  and  this  occurs  all  the  more  as  the  growths 
mostly  arise  by  embolism  of  the  portal  vessels,  and  are,  in  the 
first  place,  related  to  them.  As  the  ducts  are  in  the  imme- 
diate neighbourhood  of  these  vessels,  they  are  liable  to  be  pressed 
on  very  soon.  Hence  General  icterus  is  a  common  result, 
and  there  is  also  a  special  Pigmentation  of  the  hepatic  tissue 
(see  ante). 

The  portal  vessels  suffer  obstruction,  not  only  by  the  pressure 
of  the  tumours,  but  as  being  the  seat  of  their  primary  growth, 
and  hence  Ascites  is  a  common  result. 

Sarcoma  is  of  occasional  occurrence  in  the  liver  in  the  spindle- 
celled  and  pigmented  forms.  Some  cases  of  melanoid  sarcoma  have 
been  described  as  primary  tumours,  but  secondary  tumours  following 
melanotic  sarcomas  of  the  eye  are  more  common.  The  liver  may 
be  largely  occupied  by  these  black  tumours,  and  greatly  enlarged. 
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Here  also  the  growth  appears  to  occur  in  the  blood-vessels  and 
results  in  destruction  of  the  hepatic  tissue  proper. 

Parasites  of  the  liver. — These  have  already  been  somewhat  fully 
described.  The  most  important  constitutes  the  Hydatids  of  the 
liver  arising  from  the  Taenia  echinococcus.  When  the  liver  is 
examined  after  death  there  is  found  a  sac  or  sacs  of  very  various 
size,  up  to  that  of  a  man's  head.  The  larger  ones  produce  necessarily 
great  enlargement  of  the  liver  as  a  whole,  and  atrophy  of  the  hepatic 


cyst  of  the  liver,    x  450.  .    Fig>  428.— Portion  of  liver  with  collapsed  hydatid 

cyst.    Natural  size. 

tissue  around  them.  They  present  first  a  connective  tissue  capsule, 
inside  which  the  proper  wall  of  the  cyst  appears.  As  the  vesicles  are 
sometimes  much  broken  down,  and  it  may  even  be  difficult  to  find 
hooklets,  it  is  important  to  remember  that  the  proper  cuticula  of  the 
cyst  is  lamellated.  In  the  contents  of  such  cysts  there  are  frequently 
orange  coloured  masses  consisting  of  crystals  having  the  usual  form 
of  the  hsematoidin  or  bilirubin  crystals.  They  are  probably  composed 
of  bilirubin.  Fig.  427  shows  such  crystals,  and  it  will  be  seen  that 
they  are  of  comparatively  large  size.  The  multilocular  and  exogenous 
forms  of  hydatids  are  to  be  remembered,  the  former  resembling  colloid 
cancer  in  its  general  appearance. 

It  is  not  uncommon  to  meet  with  the  remains  of  a  dead  echinococcus 
in  the  liver.  It  shows  a  capsule  which  contains  an  indefinite  debris 
in  which  pieces  of  the  chitinous  membrane  are  visible  (Fig.  428). 
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There  may  be  several  such  lesions  present.  In  a  case  of  this  kind 
the  author  found  in  one  of  the  cysts  along  with  calcareous  infiltration 
a  production  of  true  bone  in  the  wall  of  a  small  collapsed  cyst.  In 
Fig.  197,  p.  387,  a  microscopic  section  of  a  shrunken  hydatid  is 
reproduced. 

The  Distoma  hepaticum,  sinense,  and  lanceolatum  occur  in  the 
bile  ducts,  the  Distoma  haBinatobium  in  the  portal  vessels.  (See 
under  Animal  Parasites.)  The  Pentastoma  denticulatum  also  occurs 
in  the  liver. 

Literature. — Nodular  hyperplasia — Friedreich,  Virch.  Arch.,  xxxiii.,  1865  ; 
Hoffmann,  ibid.,  xxxix.,  1867;  Sabourin,  Eev.  de  med.,  1884;  Simmonds,  Deutsch. 
Arch.  f.  klin.  Med.,  xxxiv.,  1886;  Greenish,  Wien.  Med.  Jahresb.,  1882.  Primary 
cancer — Rindfleisch,  Path.  Hist.  (Syd.  Soc),  1872-73;  Greenfield,  Path,  trans., 
xxv.,  1874;  Mahomed,  ibid.,  xxviii.,  1877;  Whipham,  ibid.,  xxii.,  1871;  Paul, 
ibid.,  xxxvi.,  1885;  Waldeyer,  Virch.  Arch.,  lv.,  1872;  Perls,  (Cirrhosis  car- 
cinomatosa)  ibid.,  lvi.,  1882;  Dreschfeld,  ibid.,  and  Jour,  of  anat.  and  phys.,  xiv., 
1880;  Weigert,  Virch.  Arch.,  lxvii.,  1876;  Hilton  Fagge,  Path,  trans.,  xxviii., 
1877;  Pye  Smith,  ibid.,  xxxi.,  1880;  Hanot  et  Gilbert,  Etudes  sur  les  malad. 
du  foie,  1888.  Cysts — Sabourin,  Arch,  de  physiol.  norm,  et  path.,  x.,  1882,  and 
Progres  med.,  1884,  No.  20;  Recklinghausen,  Virch.  Arch.,  lxxxiv.,  1881; 
Kennedy,  Ed.  Lab.  Reports,  iii.,  177,  1891. 

B. — The  Bile-ducts  and  Gall-bladder. 

1.  Gall-stones. — These  are  of  very  frequent  occurrence,  especially 
in  people  past  middle  life,  and  they  are  often  found  in  the  gall- 
bladder after  death  without  their  existence  having  been  suspected 
during  life. 

The  cause  of  their  formation  is  very  obscure.  They  are  formed 
in  the  gall-bladder  by  the  deposition  of  the  constituents  of  the  bile, 
chiefly  cholestearine  and  next  to  that  bile  pigments,  but  also  lime 
and  magnesia  salts  in  varying  proportions.  Probably  stagnation  of 
the  bile  in  the  gall-bladder  at  least  predisposes  to  their  formation, 
and  this  is  rendered  the  more  probable  from  their  more  frequent 
occurrence  in  old  people  where  the  actions  are  sluggish.  In  the 
centre  of  gall-stones  there  is  frequently  a  nucleus  composed  of  remains 
of  epithelium  or  mucus,  and  it  has  been  supposed  that  catarrh  of 
the  bladder  may  furnish  this  nucleus. 

Gall-stones  occur  singly  or  in  numbers.  The  Single  gall-stones 
are  commonly  composed  almost  purely  of  cholestearine,  of  which  there 
may  be  over  98  per  cent.  They  are  oval  in  shape,  somewhat  nodul- 
ated on  the  surface,  and  have  a  glistening  appearance,  altogether 
somewhat  resembling  in  appearance  a  sugar  plum.  When  divided 
or  broken  they  present  a  characteristic  radiation  from  the  centre, 
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and  also  sometimes  a  concentric  stratification.  The  stone  is  very 
light  in  weight,  floats  in  water  when  previously  dried,  and  has  a 
soft  almost  soapy  feeling. 

Multiple  gall-stones  are  more  frequent,  and  although  sometimes 
nearly  pure,  they  are  more  frequently  composed  of  cholestearine 
mixed  with  bile  pigment  and  lime  salts.  There  may  be  two  or 
three,  but  they  may  be  present  in  large  numbers,  fifty,  a  hundred, 
or  several  hundreds  or  thousands  (as  many  as  7800  have  been 
counted).  If  few  they  may  be  comparatively  large,  but  if  numerous 
they  are  small,  the  bladder  sometimes  having  the  appearance  of  a 
bag  filled  with  peas.  The  multiple  stones  are  always  facetted,  taking 
their  shape  according  as  there  is  room,  and  fitting  into  each  other. 
In  appearance  they  have  been  compared  to  the  macerated  carpal 
bones,  having  somewhat  similar  facets,  and  often  presenting  a  similar 
greyish  colour,  although  sometimes  yellow,  brown,  or  even  black. 
They  are  very  light  in  weight,  and  on  section  present  little  of  the 
glistening  appearance  or  radiating  arrangements  of  the  single  ones, 
being  rather  stratified,  more  deeply  and  less  deeply  pigmented  strata 
alternating. 

Gall-stones  composed  almost  entirely  of  bile-pigment  are  very 
rare.  They  are  small,  nodulated,  and  nearly  black,  and  occur  in 
considerable  numbers  at  a  time.  Stones  composed  mainly  of  Lime 
salts,  especially  the  carbonate,  are  still  more  rare. 

The  condition  of  the  Gall-bladder,  which  is  the  seat  of  gall-stones, 
varies  somewhat.  It  is  often  completely  collapsed  on  the  calculi, 
so  that  it  is  a  tightly  filled  bag  of  stones.  In  other  cases  there  is 
a  small  amount  of  bile  in  the  bladder,  whilst  in  others  a  tough 
mucus  surrounds  the  calculi. 

Gall-stones  frequently  leave  the  bladder  and  pass  into  the  cystic 
duct,  where  they  may  remain  for  a  time  and  cause  obstruction.  After 
a  time  they  often  pass  on  into  the  ductus  choledochus.  The  last 
part  of  this  duct  is  narrow,  and,  if  the  stone  is  of  any  considerable 
size,  it  usually  sticks  here,  at  least  for  a  time.  By  dilating  the 
duct  it  may  get  into  the  duodenum,  but  very  commonly  it  finds  its 
way  through  by  ulceration,  and  sometimes  it  ulcerates  into  the  peri- 
toneum, producing  peritonitis.  Lying  at  the  mouth  of  the  ductus 
communis  it  obstructs  the  outflow  of  bile  and  produces  the  results 
to  be  presently  described.  When  it  gets  into  the  duodenum  it 
usually  passes  off  with  the  faeces,  but  if  large,  it  may  produce  Obstruc- 
tion of  the  intestine  at  some  point.  This  is  of  rare  occurrence, 
and  can  scarcely  happen  except  in  the  case  of  large  stones,  chiefly 
of  the  solitary  kind. 
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The  calculus  may  ulcerate  from  the  gall-bladder  directly  outwards. 
It  may  thus  pass  into  the  peritoneum,  or  into  a  neighbouring  canal 
such  as  the  portal  vein.    These  are,  however,  rare  occurrences. 

2.  Obstruction  of  the  bile  ducts. — Obstruction  occurs  from  various 
causes,  of  which  one  of  the  commonest  is  G-all-stones  as  described 
above.  Inflammation  of  the  ducts  sometimes  produces  obstruction, 
the  inflammation  being  nearly  always  due  to  an  extension  of  catarrh 
from  the  stomach  and  duodenum.  As  the  duct  near  the  orifice  is 
narrow  a  trivial  inflammatory  swelling  may  produce  an  obstruction, 
which  the  bile,  possessing  a  low  pressure,  is  unable  to  overcome. 
Tumours  and  Inflammations  around  the  duct  may  cause  obstruction. 
This  is  not  infrequently  the  case  with  Cancers  of  the  head  of  the 
pancreas  or  those  involving  the  lymphatic  glands  in  the  portal  region 
of  the  liver.  We  have  already  seen  that  an  obstruction  of  the  hepatic 
ducts  in  the  substance  of  the  liver  occurs  in  cancer  of  the  liver,  in 
cirrhosis,  etc. 

Congenital  atresia  of  the  main  bile-ducts  is  by  no  means  an 
uncommon  lesion.  The  ducts  in  part  or  as  a  whole  are  reduced  to 
the  condition  of  solid  threads,  or  they  are  altogether  indistinguish- 
able. This  is  due  to  a  defect  occurring  mostly  in  early  foetal  life, 
and  in  some  instances  several  members  of  the  same  family  have 
been  affected.  The  occlusion  leads  to  intense  icterus,  and  in  this 
case  as  in  icterus  of  newly  born  children  generally  the  bilirubin 
assumes  the  crystalline  form.  An  intense  monolobular  cirrhosis  re- 
sulted in  a  case  observed  by  the  author.  Inflammation  and  throm- 
bosis of  the  umbilical  vein  producing  swelling  around  the  duct 
at  the  porta  of  the  liver  was  a  cause  of  obstruction  in  a  newly 
born  child  observed  by  the  author.  A  septic  thrombo-phlebitis 
resulted  after  the  separation  of  the  cord.  In  this  case  also  the 
bilirubin  had  a  crystalline  form. 

The  Results  of  obstruction  vary  according  to  the  site  of  the 
obstruction.  The  usual  result  is  Icterus  or  Jaundice,  but  this  does 
not  occur  if  the  obstruction  be  limited,  as  is  not  uncommon  in  the 
case  of  gall-stones,  to  the  cystic  duct. 

If  the  Cystic  duct  alone  be  obstructed  then  the  consequence  is 
that  no  bile  can  get  into  the  gall-bladder.  In  that  case  the  bladder 
may  shrink,  and  any  mucus  in  it  dry-in  and  perhaps  afterwards 
become  chalky.  In  many  cases,  however,  there  is  an  abundant 
secretion  of  mucus,  and  the  bladder  gets  filled  with  it.  The  mucus 
often  after  a  time  gives  way  to  a  more  fluid  secretion,  and  the 
bladder  may  be  converted  into  a  thin-walled  cyst  (Hydrops  vesicae 
felleaa)  which  may  be  as  large  as  the  fist,  with  clear  fluid  contents. 
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When  the  gall-bladder  is  thus  cut  off  and  no  longer  available  as 
a  store  for  the  bile,  there  sometimes  occurs  a  Dilatation  of  the 
larger  bile  ducts  chiefly  in  the  portal  region  of  the  liver,  so  that 
the  bile  may  lie  here  instead  of  in  the  gall-bladder,  and  pass  into 
the  duodenum  during  digestion.  This  constitutes  an  imperfect  com- 
pensation for  the  loss  of  the  gall-bladder.  Gall-stones  may  form 
in  the  dilated  ducts. 

In  the  case  of  Obstruction  of  the  ductus  choledochus,  there  is 
stagnation  both  in  the  gall-bladder  and  in  the  whole  system  of  bile 
ducts.  The  stagnation  tells  first  on  the  gall-bladder,  which  dilates 
readily  and  stores  up  the  bile.  There  may  even  be  rupture  of  the 
gall-bladder  from  excessive  dilatation.  If  the  obstruction  be  pro- 
longed great  dilatation  occurs  throughout  the  whole  system,  and 
serious  changes  frequently  result  in  the  liver  itself. 

Next  to  the  gall-bladder  the  ductus  choledochus  and  the  larger 
bile  ducts,  which  are  not  supported  by  the  firm  liver  tissue,  are 
most  liable  to  dilate.  This  dilatation  may  be  very  extreme,  these 
ducts  becoming  sometimes  as  great  in  circumference  as  the  thumb, 
and  it  may  even  go  on  to  rupture. 

Sometimes  considerable  atrophy  of  the  proper  tissue  of  the  liver 
occurs,  and  we  have  the  smaller  bile  ducts  dilated  and  forming 
numerous  cavities  or  Cysts  throughout  the  liver. 

There  is  sometimes  even  an  Acute  inflammation  of  the  bile  ducts 
apparently  from  decomposition  of  the  bile,  and  this  may  lead  to 
Biliary  abscesses.  This  occurs  when  the  obstruction  is  incomplete, 
as  when  it  is  produced  by  the  pressure  of  a  tumour,  and  there  is 
therefore  the  possibility  of  the  propagation  of  septic  decomposition 
from  the  duodenum  to  the  stagnant  bile.  There  may  be  numerous 
abscesses  filled  with  a  tenacious  bile  stained  pus. 

3.  Rupture  and  Perforation. — Rupture  of  the  gall-bladder  or  of 
the  ducts  outside  the  liver  may  occur  from  over-distension,  or  it 
may  be  the  result  of  injury.  The  rupture  takes  place  into  the 
peritoneum  and  the  bile  causes  peritonitis.  The  inflammation  is 
sub-acute  causing  great  thickening  of  the  peritoneum.  A  peculiar 
appearance  is  sometimes  produced,  the  thickened  peritoneum  pre- 
senting an  orange-coloured  surface  from  biliary  staining. 

4.  Tumours  of  the  bile  ducts  and  g-all-bladder. — Of  these  the 
most  important  are  the  Cancers.  We  sometimes  meet  with  primary 
cancer  of  the  gall-bladder  resembling  in  structure  cancer  of  the 
stomach  and  intestine.  By  extension  it  may  largely  involve  the 
liver  tissue.  In  the  great  majority  of  cases  gall-stones  are  present 
in  the  gall-bladder  in  cases  of  primary  cancer,  and  the  irritation  of 
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the  calculi  is  to  be  regarded  as  the  cause  of  the  cancer.  We  have 
already  seen  that  some  of  the  cancers  of  the  liver  probably  take 
origin  in  the  finer  bile  ducts  in  its  substance. 

Literature. — Gall-stones — Schuppel,  Ziemssen's  Handb.,  viii. ;  Eeneke,  Deutsch. 
Arch.  f.  klin.  Med.,  1676;  Naunyn,  Verh.  d.  X.  Congr.  f.  inn.  Med.,  1891; 
Janowsky,  Ziegler's  Beitrage,  x.,  1891.  Congenital  atresia  of  ducts — Thomson 
(with  literature),  On  congen.  oblit.  of  bile-ducts,  1892.  Cancer — Siegert,  Virch. 
Arch.,  cxxxii.,  353,  1893;  Zenker,  Prim.  Krebs  der  Gallenblase,  Leipzig,  1889. 

C— The  Pancreas. 

The  pancreas  has  the  structure  of  a  salivary  gland,  consisting  of 
glandular  acini  whose  ducts  communicate  with  a  main  duct  lying 
in  the  centre  of  the  gland  (Wirsung's  duct)  and  opening  into  the 
duodenum  in  common  with  the  ductus  choledochus. 

The  function  of  the  pancreas  seems  to  be  similar  to  that  of  the 
salivary  glands,  but  the  gland  possesses  two  pathological  relations, 
which  have  not  yet  obtained  a  full  explanation  but  are  of  great 
importance.  These  are  the  relations  of  the  organ  to  the  absorption 
of  fat  in  the  alimentary  canal,  and  to  the  occurrence  of  diabetes. 
Extirpation  of  the  pancreas  seems  to  hinder  the  absorption  of  fat, 
and  disease  of  the  organ  which  causes  destruction  of  the  tissue  or 
obstruction  of  the  duct  seems  to  have  a  similar  effect,  so  that  fat 
appears  abundantly  in  the  faeces.  The  relation  of  the  pancreas  to 
diabetes  has  been  already  referred  to  at  pp.  84  and  85. 

Malformations  occur  chiefly  in  the  form  of  supernumerary  or  acces- 
sory glands.  These  are  usually  situated  in  the  wall  of  the  stomach, 
duodenum,  or  jejunum,  but  small  pieces  of  tissue  of  the  structure  of 
the  pancreas  have  also  been  observed  in  the  liver.  Another  mal- 
formation is  that  in  which  the  pancreas  surrounds  the  duodenum. 

The  pancreas  is  occasionally  the  seat  of  Haemorrhages  into  its 
substance  (Pancreatic  apoplexy).  These  may  be  the  result  of  injuries 
to  the  abdominal  wall  or  the  consequence  of  passive  hyperemia  in 
diseases  of  the  heart,  lungs,  or  liver.  Some  cases  of  sudden  death 
have  been  recorded  by  Zenker,  Hooper,  and  Klebs,  in  which  the 
most  obvious  lesion  was  haemorrhage  into  the  substance  of  this  gland. 
No  cause  for  the  haemorrhage  was  apparent.  It  is  supposed 
that  the  lesion  caused  pressure  on  the  neighbouring  cceliac  plexus 
and  semilunar  ganglion  and  a  consequent  reflex  paralysis  of  the 
heart,  just  as  paralysis  of  the  heart  is  producible  by  blows  on  the 
abdomen  (Goltz's  experiment).  The  haemorrhage  may  lead  later  on  to 
abscess  of  the  pancreas  which  sometimes  bursts  into  the  peritoneum. 

3  M 
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Inflammations  of  the  pancreas  are  of  various  kinds.  Besides  the 
abscess  just  mentioned  we  have  suppurative  pancreatitis  like  sup- 
purative parotitis,  resulting  in  abscesses  ;  also  indurative  interstitial 
inflammation  with  loss  of  gland  tissue,  this  condition  being  some- 
times of  syphilitic  origin. 

Atrophy  of  the  pancreas  is  observed  often  as  a  part  of  general 
emaciation,  but  it  has  been  found  in  a  good  many  cases  of  Diabetes 
mellitus.  It  does  not  seem  probable  that  the  destruction  of  the 
function  of  the  pancreas  is  the  cause  of  the  diabetes,  and  the  proba- 
bility is  that,  as  Klebs  suggests,  the  primary  condition  is  disease 
of  the  cceliac  plexus  causing  vaso-motor  paralysis  (see  pp.  84,  85). 

Fatty  infiltration  of  the  pancreas  is  one  of  the  commonest  lesions 
of  this  gland.  There  is  normally  some  adipose  tissue  in  the  midst 
of  the  gland,  and  this  sometimes  undergoes  considerable  increase, 
the  proper  glandular  substance  becoming  atrophied,  and  adipose 
tissue  taking  its  place,  the  shape  and  general  appearance  of  the  gland 
being  preserved.  The  condition  may  be  part  of  a  general  obesity, 
or  it  may  occur  in  old  age,  and,  in  this  latter  case,  it  may  be 
presumed  that  atrophy  of  the  glandular  tissue  is  the  first  condition, 
the  adipose  tissue  developing  afterwards,  as  in  fatty  infiltration  of 
voluntary  muscle.  Necrosis  sometimes  occurs  in  the  adipose  tissue 
of  the  organ,  producing  opaque  yellow  patches  of  a  striking  char- 
acter. 

The  glandular  structure  sometimes  undergoes  Cloudy  swelling  in 
common  with  that  of  the  liver  and  other  organs  in  the  acute  fevers. 
Fatty  degeneration  is  also  met  with. 

Tuberculosis  is  not  common  in  the  pancreas,  but  we  meet  with 
caseous  masses  having  the  characters  of  a  local  tuberculosis.  More 
frequently  the  pancreas  is  involved  secondarily  in  a  tuberculosis 
arising  in  neighbouring  lymphatic  glands.  Syphilitic  Gummata  have 
been  observed. 

Of  the  tumours  of  the  pancreas,  Cancer  is  by  far  the  most  impor- 
tant. It  occurs  most  frequently  in  the  head,  rarely  in  the  body  or 
tail.  It  is  mostly  a  dense  tumour  of  fibrous  appearance  (scirrhus), 
but  cases  of  soft  and  of  colloid  cancer  have  been  seen.  The  cancer 
often  obstructs  Wirsung's  duct,  or  produces  still  more  serious  results 
by  obstructing  the  ductus  communis.  It  may  even  by  its  retraction 
or  by  its  prominence  cause  a  partial  obstruction  of  the  duodenum. 
There  may  arise  in  this  way  considerable  disturbances  from  the 
continuous  extension  of  the  tumour.  We  may  also  have  secondary 
tumours  in  the  lymphatic  glands,  liver,  or  peritoneum. 

Cancers  of  the  stomach  or  duodenum  rarely  extend  to  the  pancreas. 
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The  gland  is  sometimes  the  seat  of  secondary  metastatic  tumours 
when  the  disease  becomes  generalized. 

The  Pancreatic  duct  (Wirsung's)  is  liable  to  certain  changes. 
Concretions  occur  in  it,  comparable  to  those  of  the  salivary  glands. 
They  are  mostly  round  or  oval  and  white  or  greyish  white.  In 
size  they  have  been  met  with  as  large  as  a  hazel  nut  or  larger, 
but  they  are  usually  small  like  grains  of  sand.  They  are  composed 
chiefly  of  carbonate  and  phosphate  of  lime.  They  very  often  arise 
in  dilated  ducts,  but  if  large  may  cause  dilatation  by  obstructing 
the  duct. 

Obstruction  and  Dilatation  of  Wirsung's  canal  may  arise,  as  we 
have  seen,  from  calculi,  cancers  of  the  head  of  the  pancreas,  or  from 
tumours  in  the  neighbourhood.  Dilatation  also  occurs  secondarily  to 
atrophy  of  the  gland.  The  dilated  duct  forms  a  series  of  pouches, 
or  else  there  is  a  more  definitely  localized  dilatation  so  that  actual 
cysts  are  formed.  The  latter  will  occur  when  the  orifice  is  com- 
pletely obstructed  ;  the  cysts  may  reach  the  size  of  the  fist  or  that 
of  a  child's  head,  and  these  are  sometimes  designated  Ranula  pancrea- 
tica.  The  contents  of  the  dilated  duct  may  be  simply  the  fluid 
secretion,  but  sometimes  there  is  thickening  of  the  contents  and 
even  haemorrhage.  In  this  way  we  may  have  coagula  causing  the 
cysts  to  look  like  aneurysms,  all  the  more  as  the  lining  of  the  cyst 
may  become  the  seat  of  calcareous  plates  like  the  internal  coat  of 
an  artery  in  aneurysm. 

Literature. — Klebs,  Handb.  der  path.  Anat.,  i.,  1876;  Friedreich,  in  Ziemssen's 
Cycl.,  vii.  Relation  to  fat  absorption — Harley,  (literature)  Journ.  of  Phys.,  xviii., 
1895.  Malformations — Symington,  Jour,  of  anat.  and  phys.,  xix.,  1885;  Klob, 
Zeitschr.  d.  Wien.  Aerzte.,  1859;  Zenker,  Virch.  Arch.,  xxi.  Hamorrhage — 
Prince  Morton,  Boston  Med.  and  Surg.  Jour.,  1882;  Zenker,  Berl.  klin.  Wochensch., 
1874 ;  Challand,  Bull,  de  la  Soc.  med.  de  la  Suisse  rom.,  1877 ;  Klebs,  1.  c. 
Atrophy  and  Diabetes — Klebs,  1.  c. ;  Frerichs,  Ueber  den  Diabetes,  1884;  Duffey, 
Dubl.  Jour,  of  Med.  Sc.,  1884;  Israel,  Virch.  Arch.,  lxxxiii.,  1881.  Concretions— 
Johnston,  Amer.  Jour,  of  Med.  Sc.,  1884.  Cysts — Kecklinghausen,  Virch.  Arch., 
xxx. ;  Hjelt,  Schmidt's  Jahrb.,  clvii.,  1873. 

D. — The  Peritoneum. 

Introduction. — The  peritoneum,  which  is  stretched  over  many 
organs  and  possesses  many  recesses  and  pouches,  has  a  superficies 
said  to  be  equal  to  the  surface  of  the  body.  It  is  a  large  lymphatic 
sac  and  fluid  is  constantly  circulating  through  it.  Experiments 
(especially  those  of  Wegner)  have  shown  that  the  peritoneum  possesses 
great  powers  both  of  the  transudation  and  absorption  of  fluid.  Thus 
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the  injection  of  concentrated  solution  of  sugar  or  of  glycerine  causes 
an  exudation  of  serous  fluid  amounting  in  three-quarters  of  an  hour 
to  from  3  to  8  per  cent,  of  the  weight  of  the  body.  Again,  watery 
fluids  and  even  urine,  bile,  oil,  etc.,  are  absorbed  with  great  rapidity 
without  injury  to  the  membrane,  and  such  medicaments  as  morphia 
and  chloral  are  absorbed  much  more  rapidly  than  when  injected 
subcutaneously.  Finely  divided  solid  matter  is  also  readily  absorbed 
and  carried  into  the  lymphatics.  The  absorption  is  effected  pre- 
sumably by  stomata,  by  which  the  sac  communicates  with  the  lymphatic 
vessels.  Whilst  all  parts  of  the  peritoneum  doubtless  possess  the 
power  of  absorption,  there  are  two  localities  in  which  this  presents 
points  of  special  interest. 

From  certain  facts  to  be  afterwards  referred  to  in  connection  with 
tuberculosis  and  cancer  of  the  peritoneum,  it  may  be  inferred  that 
the  Great  omentum  is  specially  concerned  in  the  process  of  absorp- 
tion. This  double  layer  of  peritoneum,  lying  free  in  the  cavity, 
may  be  regarded  as  a  drain  by  means  of  which  the  fluid  is  drawn 
off. 

Again,  the  lymphatics  of  the  Diaphragm  communicate  on  the  one 
hand  with  the  peritoneal  sac,  and  on  the  other  with  the  pleural 
cavity,  so  that  fluid  and  finely  divided  solids  may  be  carried  through 
from  one  to  the  other.  It  is  probable  that  the  general  course  of 
the  current  is  from  peritoneum  to  pleura,  although  it  may  be  reversed. 

This  great  power  of  absorption  is  very  important,  especially  in 
relation  to  septic  processes.  The  products  of  septic  decomposition 
are  readily  absorbed  ;  sometimes  in  such  quantity  as  to  produce 
fatal  results  before  they  have  had  time  to  induce  any  considerable 
local  effects.  This  is  especially  the  case  in  rupture  of  the  intestine, 
where  death  may  occur  within  twenty-four  hours  without  definite 
symptoms  of  peritonitis,  and  apparently  from  absorption  of  the  septic 
poison.  After  death,  however,  signs  of  inflammation  are  usually 
visible  in  the  peritoneum. 

The  fluid  in  the  peritoneal  sac  is  not  at  rest,  but  circulates,  and 
the  movements  of  the  intestines  doubtless  have  to  do  with  its  trans- 
portation from  place  to  place.  Hence  any  pathogenic  agent  introduced 
into  the  peritoneal  cavity  is  generally  carried  to  every  part  of  the 
sac  and  produces  its  effects  in  every  region.  Abundant  examples  of 
this  are  afforded  by  such  conditions  as  tuberculosis  of  the  peritoneum, 
inflammations,  and  cancer. 

1.  Malformations. — The  mesenteries  are  sometimes  too  long  or  too 
short.  The  former  condition  is  supposed  to  have  to  do  with  the 
causation  of  hernias.    The  latter  causes  the  intestine  to  be  unduly 
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controlled  in  its  movements.  In  a  case  recorded  by  Lawson  Tait  the 
peritoneum  passed  from  loop  to  loop  without  any  proper  mesentery. 
There  are  also  dermoid  cysts  found  in  the  peritoneum  of  congenital 
origin. 

2.  Disorders  of  the  circulation  in  the  peritoneum. — (a)  Active 
hyperemia  is  produced  when  from  any  cause  a  general  relaxation  of 
the  arteries  in  the  sac  occurs.  Leaving  inflammation  out  of  account, 
this  will  hardly  occur  except  as  a  result  of  sudden  removal  of  extra 
pressure  from  these  vessels.  If  a  large  ovarian  tumour  be  removed 
from  the  abdomen,  or  ascitic  fluid  drawn  off,  the  arteries  and  capil- 
laries which  have  previously  accommodated  themselves  to  the  undue 
pressure  on  their  walls,  relax,  and  hyperemia  occurs.  The  hyperemia 
may  result  in  the  occurrence  of  a  peculiar  form  of  Chronic  hemor- 
rhagic peritonitis,  comparable  with  hemorrhagic  pachymeningitis  (see 
p.  691),  the  effused  blood  being  here  also  sometimes  a  prominent 
feature  (Hematoma  of  the  peritoneum).  As  in  the  other  case  it 
may  be  a  question  whether  there  is  an  inflammation  preliminary  to 
the  haemorrhage,  or  whether  the  hyperemia  induces  bleeding,  the 
succeeding  organization  of  the  clot  leading  to  the  formation  of  a 
membranous  layer  on  its  surface.  Where  ascitic  fluid  has  been  drawn 
off  many  times,  there  may  be  several  layers  of  soft  membrane  on 
the  surface  of  the  peritoneum,  the  innermost  being  the  most  delicate 
and  the  newest. 

(b)  Passive  hyperemia  occurs  as  a  result  of  obstruction  to  the  portal 
circulation,  either  alone  or  as  part  of  a  general  A^enous  hyperemia. 
It  is  chiefly  important  in  relation  to  ascites,  ofj  which  it  is  the  most 
frequent  cause. 

(c)  Hemorrhage. — There  may  be  unimportant  hemorrhages  in  the 
substance  of  the  peritoneum  in  scurvy,  hemophilia,  etc.  More  con- 
siderable hemorrhages  occur  in  consequence  of  rupture  of  considerable 
vessels.  Aneurysms  of  the  abdominal  aorta  not  infrequently  rupture. 
The  blood  accumulates  at  first  behind  the  peritoneum,  but  it  may  also 
pass  into  the  cavity.  Traumatic  rupture  of  liver,  spleen,  or  kidneys 
may  also  cause  hemorrhage  although  these  lesions,  especially  in  the 
case  of  the  kidney,  are  liable  to  produce  subperitoneal  hemorrhage. 
Then  there  are  frequent  hemorrhages  from  the  female  generative 
organs,  as  from  the  rupture  of  the  cyst  in  extra-uterine  pregnancy, 
but  also  without-  apparent  cause  at  menstrual  periods.  (See  Peri- 
uterine Hematocele.)  There  are  also  hemorrhages  in  tuberculosis 
and  cancer  of  the  peritoneum. 

The  effused  blood  is  in  many  cases  readily  absorbed,  but  when 
the  collection  of  blood  is  local,  as  in  the  pelvis,  or  the  peritoneum 
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is  altered  by  inflammation,  it  may  remain.  If  there  is  a  consider- 
able mass  the  name  Haematoma  is  applied.  The  blood  becomes 
decolorized  and  surrounded  or  encapsuled  by  new-formed  connective 
tissue  in  the  ordinary  way.  The  blood  thus  sets  up  a  chronic 
inflammation  which,  in  the  case  of  the  pelvic  hsematoceles,  may 
have  serious  consequences  by  interfering  with  the  uterus  and  ovaries. 

(d)  Ascites.  This  name  is  given  to  dropsy  of  the  peritoneal  cavity. 
It  is  sometimes,  although  rarely,  a  part  of  a  general  oedema,  occurring 
in  disease  of  the  heart  or  lungs,  in  Bright's  disease,  and  in  anaemic 
states.  It  is  peculiarly  prone  to  occur  when  the  portal  circulation 
is  specially  obstructed.  This  may  happen  by  the  portal  vein  being 
obstructed  by  thrombosis,  or  pressed  on  from  without,  but  more 
frequently  it  is  by  some  lesion  in  the  liver  itself,  such  as  cirrhosis 
or  cancer,  which  obstructs  the  portal  vessels,  as  it  were,  in  detail. 

In  these  cases  the  ascites  is  from  increased  transudation,  and  it 
is  much  less  common  to  have  it  occurring  from  interference  with 
absorption.  This  may  have  something  to  do  with  it,  however,  in 
cases  of  cancer  of  the  peritoneum,  where  the  numerous  cancerous, 
tumours  originate  from  material  carried  into  the  lymphatic  channels 
and  growing  there.  These  tumours  will  necessarily  obstruct  the 
lymphatics  to  a  large  extent  in  detail,  whilst  they  may  also  produce 
by  their  irritation  a  hyperemia  of  the  peritoneal  vessels  and  so 
increased  transudation. 

The  fluid  in  ascites  is  contained  in  the  general  sac  of  the  peri- 
toneum, but  where  adhesions  have  previously  existed  it  may  be 
confined  to  particular  parts,  and  sacculated.  Sometimes  also,  in 
children,  there  is  a  dropsy  in  the  sac  of  the  omentum  (Hydrops 
omenti). 

The  character  of  the  fluid  in  ascites  is  that  of  ordinary  transu- 
dations, a  clear,  slightly  yellow,  limpid  fluid  of  low  specific  gravity. 
After  it  has  stood  for  a  time  it  often  deposits  a  very  gelatinous 
coagulum  of  fibrine. 

In  prolonged  ascites  the  peritoneum  is  apt  to  get  somewhat  thick- 
ened, especially  when  puncture  has  been  frequently  performed.  The 
great  omentum  is  not  infrequently  gathered  up  so  as  to  be  thicker 
and  shorter  than  usual,  and  in  that  case  it  will  act  less  efficiently 
as  a  drain. 

Chylous  ascites  has  already  been  referred  to  (pp.  125  and  506)  as 
occurring  in  connection  with  obstruction  of  the  thoracic  duct.  The 
fluid  in  the  abdomen  is  milky,  containing  finely  dissolved  fat.  Of 
a  different  nature  is  Ascites  adiposus,  which  may  be  confused  with 
chylous  ascites,  as  in  it  also  the  fluid  is  milky.    In  this  case  the 
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milkiness  is  from  fatty  degeneration  of  cells,  either  the  endothelium 
in  ordinary  ascites  or  the  cells  in  cancer.  There  is  always  the 
distinction  between  the  two  conditions  that  in  chylous  ascites  the 
fat  is  free,  while  in  ascites  adiposus  it  is  in  cells. 

3.  Inflammations  of  the  peritoneum.  Peritonitis. — Inflammation 
of  the  peritoneum  is  very  seldom  spontaneous  in  its  origin.  It  seems 
remarkable  that,  compared  with  the  pleura  or  pericardium,  this  mem- 
brane is  so  seldom  the  seat  of  independent  inflammation  as  a  result, 
for  instance,  of  the  irritation  of  the  blood  in  acute  rheumatism,  or 
of  the  more  vague  causes  of  irritation  designated  as  cold. 

The  peritoneum  is,  however,  peculiarly  liable  to  inflammations 
of  a  secondary  character,  the  irritant  proceeding  either  from  without 
as  in  wounds  of  the  abdomen,  or  from  one  of  the  organs  lying  beneath 
the  membrane. 

Mere  exposure  to  the  air  or  the  entrance  of  air  into  the 
abdominal  cavity  does  not  induce  peritonitis,  and  even  a  somewhat 
prolonged  cooling  of  the  membrane,  as  during  an  operation,  does 
not  seem  to  lead  to  inflammation. 

Septic  inflammations. — These  comprise  the  great  proportion  of 
acute  inflammations  of  the  peritoneum.  Experiments  (Grawitz,  Water- 
house)  seem  to  show  that  whilst  the  peritoneal  cavity  is  a  favourable 
place  for  the  propagation  of  pyogenic  microbes  in  respect  to  tem- 
perature and  other  conditions,  yet  that  the  absorbent  power  of  the 
peritoneum  is  such  that  the  introduction  of  these  agents  is  not 
followed  by  inflammation  when  the  peritoneum  is  strictly  normal. 
On  the  other  hand,  if  there  be  in  the  sac  stagnant  serous  fluid, 
or  irritating  substances  calculated  to  produce  transudation,  or  if 
there  is  a  septic  wound  communicating  with  the  peritoneum  so  that 
the  microbes  are  vigorously  produced  and  nourished,  then  they 
multiply  in  the  peritoneal  cavity  and  evolve  their  specific  toxines. 

It  is  obvious  that  in  actual  cases  in  man  the  pyogenic  microbes 
will  rarely  be  introduced  as  in  experiments,  as  pure  cultures  into 
a  normal  peritoneum.  The  septic  inoculation  may  take  place  from 
a  wound  in  the  abdomen  by  accident  or  operation,  and  if  the  wound 
becomes  septic  one  of  the  conditions  mentioned  above  is  satisfied. 
More  frequently  the  source  is  an  underlying  organ,  as  by  rupture 
of  the  stomach,  intestine,  or  vermiform  appendage,  or  propagation 
of  septic  processes  from  the  uterus  in  delivery.  In  the  former  case 
irritating  matters  from  the  alimentary  canal  are  introduced  along 
with  the  pyogenic  agents,  and  in  the  latter  the  conditions  are 
those  of  a  septic  wound  communicating  with  the  peritoneal  cavity. 

If  the  pyogenic  agents  once  settle  in  the   peritoneal  sac  they 
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propagate  with  enormous  rapidity  in  the  warm  and  moist  cavity, 
and  it  may  happen  that  in  comparatively  few  hours  we  may  have 
such  an  absorption  of  toxines  as  to  cause  death  by  septic  poisoning- 
even  before  much  evidence  of  inflammation  has  manifested  itself. 

The  septic  inflammations  are  pre-eminently  acute,  and  tend  rapidly 
towards  suppuration.  At  first  there  is  hyperemia  and  a  serous 
and  Fibrinous  exudation.  The  exuded  fibrine  is  visible  on  free 
surfaces  as  a  soft  yellow  layer,  and  is  often  present  in  the  fluid 
as  yellow  flakes.  It  glues  together  surfaces  which  are  in  contact, 
such  as  the  loops  of  the  intestine,  but  the  adhesions  are  soft  and 
readily  separated.  As  the  inflammation  goes  on,  the  fibrinous  ex- 
udation, which  from  the  first  contains  very  numerous  leucocytes 
and  is  correspondingly  soft,  becomes  still  more  infiltrated  with  these, 
and  assumes  the  characters  of  pus.  Pus  may  be  found  in  some 
parts,  while  in  others  there  is  still  the  soft  fibrinous  exudation. 
Thus  pus  may  be  found  in  the  neighbourhood  of  the  original 
source  of  the  inflammation,  as  around  the  vermiform  appendage, 
the  inflammation  being  here  more  intense  or  of  longer  standing. 
The  pus,  and  even  any  free  fibrine  that  may  exist,  commonly 
gravitate  to  dependent  parts,  and  we  may  find  a  collection  of  yellow 
pus  in  the  pelvis,  especially  in  Douglas's  pouch. 

The  endothelial  cells  of  the  peritoneum  take  part  in  the  inflamma- 
tion. They  multiply  and  enlarge  (Orth),  or  they  are  shed.  The 
underlying  connective  tissue  is  infiltrated  with  serous  fluid  and 
exudation,  and  all  the  underlying  tissues  are  altered,  more  especially 
the  wall  of  the  intestine,  whose  coats  are  often  cedematous  and 
swollen.  There  is  not  infrequently  considerable  tympanitic  distension 
of  the  intestine  from  paralysis  of  its  muscular  coat.  This  Meteorism 
is  sometimes  a  peculiarly  distressing  feature  in  puerperal  fever. 

Septic  peritonitis,  if  general,  is  almost  necessarily  fatal.  Some- 
times it  is  localized  by  adhesions,  and,  even  after  the  occurrence  of 
suppuration,  may  subside  and  give  place  to  chronic  inflammation. 

A  more  localized  acute  peritonitis  not  infrequently  occurs.  It 
may  be  in  connection  with  appendicitis  (see  ante),  or  with  diseases  of 
the  uterus,  or  may  be  even  a  result  of  infarction  of  the  spleen.  If 
recovery  occurs  from  such  inflammations  adhesion  of  the  surfaces 
affected  is  the  result. 

Chronic  peritonitis,  whether  developing  out  of  the  acute  form  or 
occurring  in  connection  with  disease  in  an  underlying  organ,  is 
characterized  by  new-formation  of  connective  tissue,  frequently  with 
adhesion  of  opposing  surfaces  (Peritonitis  adhcesiva).  The  details  of 
this  process  are  similar  to  those  in  chronic  pleurisy ;  it  remains 
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here  to  specify  some  of  the  more  common  occasions  of  the  affec- 
tion. 

A  diffuse  chronic  peritonitis  sometimes  develops  in  the  course  of 
Bright' s  disease.  There  is  also  commonly,  in  cases  of  secondary 
cancer  of  the  peritoneum,  a  •general  chronic  peritonitis. 

Local  thickenings  of  the  capsule  of  the  liver  and  spleen  are  of 
frequent  occurrence  in  connection  with  diseases  in  these  organs  or 
their  neighbourhood.  Sometimes  the  connective  tissue  is  hard, 
almost  like  cartilage.  Very  commonly  there  is  adhesion  to  the 
parts  around,  especially  to  the  diaphragm.  On  the  other  hand,  the 
diaphragm  may  be  adherent  by  reason  of  the  extension  of  an  in- 
flammation from  the  pleura,  the  irritant  having  passed  downwards 
in  a  direction  contrary  to  that  of  the  usual  circulation. 

The  peritoneum  around  the  female  generative  organs  is  liable  to 
very  frequent  local  chronic  inflammations  (Perimetritis),  resulting  in 
complex  adhesions  and  mattings  of  the  pelvic  organs.  The  contrac- 
tion of  the  new-formed  connective  tissue  may  cause  considerable 
distortion  of  these  organs. 

There  is  also  a  peritonitis  from  rupture  of  the  gall-bladder  or  a 
bile  duct  (see  p.  912). 

4.  Tuberculosis  of  the  peritoneum.  Tubercular  peritonitis. — This 
disease  is  due  to  the  existence  of  the  tubercular  virus  in  the  peri- 
toneal cavity.  The  virus  seldom  gets  into  the  sac  from  .tubercular 
ulcers  of  the  intestine,  apparently  because  the  intestinal  lymphatics 
are  subperitoneal  and  do  not  connect  with  the  interior  of  the  sac. 
Tuberculosis  of  the  lymphatic  glands,  more  especially  those  of  the 
mesentery,  seems  to  be  the  principal  primary  source  of  tuberculosis 
of  the  peritoneum.  An  old  caseous  gland  may  break  down  and 
rupture  into  the  sac,  and  this  may  occur  although  the  glands  may 
be  only  to  a  slight  degree  affected.  Tuberculosis  of  the  vertebrae 
may  give  rise  to  it,  and  in  some  cases  tuberculosis  of  the  testicle 
and  vas  deferens  has  extended  to  the  peritoneum,  the  disease  being 
in  that  case  concentrated  in  the  inguinal  region  where  the  vas 
deferens  approaches  nearest  to  the  peritoneum. 

Having  reached  the  peritoneum  the  virus  is  carried  hither  and 
thither  throughout  the  sac  by  the  regular  currents.  The  consequence 
is  the  formation  of  innumerable  tubercular  nodules  and  an  Inflam- 
mation of  the  peritoneum.  The  inflammation  is  at  first  acute, 
accompanied  by  serous  and,  usually,  fibrinous  exudation  as  in  septic 
inflammations.  There  is  thus  often  considerable  swelling  of  the 
abdomen.  In  some  cases  the  inflammation  is  unusually  acute  and 
it  may  even  be  suppurative  in  character. 
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By  the  time  the  case  comes  to  be  examined  post  mortem  the 
acute  stage  has  usually  passed  off  and  we  find  evidences  of  chronic 
inflammation  in  the  form  of  thickening  of  the  peritoneum  and 
multiplied  vascularized  adhesions  in  every  part.  The  loops  of  the  in- 
testine are  adherent  to  each  other,  and  the  superficial  ones  to  the 
anterior  wall  of  the  abdomen,  the  omentum  is  adherent  to  the 
intestine,  the  liver  to  the  diaphragm,  and  so  on.  In  fact  the 
peritoneal  cavity  is  obliterated  by  adhesions.  In  the  midst  of  these 
adhesions  are  numerous  yellow  masses  of  very  various  sizes,  some 
as  large  as  split-peas,  and  usually  flat.  These  caseous  masses  are 
composed  of  groups  of  tubercles  which  have  very  much  the  character 
of  those  found  in  tubercular  pericarditis.  The  caseous  tubercles 
have  developed  in  the  usual  way  out  of  grey  miliary  tubercles,  and 
examination  will  usually  show  examples  in  the  various  intermediate 
stages. 

The  condition  of  the  Omentum  is  worthy  of  special  mention.  It 
is  drawn  together  and  thickened,  and  closely  adherent  to  the  in- 
testine and  wall  of  the  abdomen,  while  in  its  substance  numerous 
tubercular  masses  are  to  be  found. 

It  has  already  been  mentioned  that  Tubercular  pleurisy  often 
develops  in  association  with  tubercular  peritonitis.  There  is  in  the 
pleura  for  the  most  part  a  serous  and  sometimes  a  fibrinous  exuda- 
tion, and  as  the  eruption  is  usually  recent  the  tubercles  are  in  the 
form  of  small  white  or  grey  nodules.  They  are  commonly  grouped 
mainly  in  the  lower  part  of  the  pleural  cavity,  in  this  way  indicating 
the  source  of  the  infection. 

Healing  is  not  infrequent  in  tubercular  peritonitis,  but  the  re- 
sulting conditions  are  rarely  the  subject  of  observation.  The  author 
had  the  opportunity  of  examining  a  case  ten  years  after  the  patient 
had  passed  through  an  attack  which  was  diagnosed  as  tubercular 
peritonitis.  The  peritoneum  was  obliterated  by  soft  connective  tissue 
adhesions,  which  united  the  intestines  and  the  various  organs  to- 
gether. There  were  no  tubercles  visible,  but  here  and  there  a 
small  cretaceous  mass  in  the  midst  of  the  adhesions.  When  the 
tuberculosis  had  been  overcome  the  dead  caseous  matter  had  re- 
mained. This  was  in  great  part  absorbed  as  dead  animal  matter. 
Where,  from  the  size  of  the  mass  or  otherwise,  absorption  did  not 
occur,  calcareous  infiltration  took  place.  The  adhesion  of  the  peri- 
toneum may  be  more  localized,  and  by  the  stretching  of  the  adhesions, 
bands  or  bridles  may  be  formed  under  which  the  intestine  may  be 
incarcerated.    The  author  has  observed  several  cases  of  this  kind. 

In  Acute  miliary  tuberculosis,  the  appearances   are  altogether 
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different  to  those  of  tubercular  peritonitis.  The  tubercles  are  very 
small  grey  nodules  hardly  visible  to  the  naked  eye  and  specially 
abundant  in  the  upper  part  of  the  abdomen  and  in  the  omentum. 
They  are  in  connection  with  the  blood-vessels  and  not  on  the 
surface  of  the  membrane,  being  really  subperitoneal,  and  there  is  no 
inflammation. 

5.  Tumours  of  the  peritoneum. — These  are  rarely  primary.  Retro- 
peritoneal sarcoma  is  not  uncommon.  The  tumour,  sometimes  growing 
to  a  very  large  size,  pushes  the  organs  before  it  and  may  infiltrate 
them. 

Sometimes  we  meet  with  bulky  gelatinous  tumours  in  the  abdomen, 
and  the  recognition  of  the  exact  nature  of  some  of  them  is  matter  of 
considerable  difficulty.  Colloid  cancer  of  the  stomach  and  intestine 
not  infrequently,  as  we  shall  see  afterwards,  passes  on  till  it  reaches 
the  peritoneum,  and  may  result  in  the  formation  of  bulky  gelatinous 
masses  there.  But,  besides  that,  there  are  primary  tumours  of  the 
peritoneum  which  belong  to  the  class  of  Cylindroma  or  Plexiform 
angiosarcoma.  In  these  cases  there  is  a  new-formation  of  blood- 
vessels in  whose  adventitia  is  produced  a  peculiar  gelatinous  tissue. 
These  tumours  may  attain  a  large  size,  weighing  as  much  as  forty 
pounds. 

Primary  cancer  occurs  with  similar  characters  to  that  of  the  pleura, 
and  like  that  form  it  is  sometimes  called  endothelioma.  The  tumour 
is  in  the  form  of  nodules  of  larger  and  smaller  size  along  with  great 
thickening  of  the  peritoneum.  There  is  also  great  serous  effusion 
and  usually  also  fibrinous  deposition.  There  may  be  blood  in  the 
exudation. 

Secondary  cancer  of  the  peritoneum  will  be  considered  in  the  next 
section. 

Lympho-sarcoma  is  not  such  a  common  tumour  here  as  in  the 
mediastinum,  but  it  sometimes  originates  in  the  lymphatic  glands  of 
the  mesentery  and  involves  all  the  neighbouring  structures.  We 
may  thus  have  bulky  tumours  occupying  the  place  of  a  portion  of 
the  mesentery  and  intestine,  and  repeating  roughly  the  anatomical 
relations  of  these. 

Literature. — Physiology  and  General  Pathology — Wegner,  Langenbeck's  Arch., 
xx.;  Grawitz,  Charite  Annalen,  1884,  p.  770;  Waterhouse,  Virch.  Arch.,  cxix., 
342.  Malformations — Lawson  Tait,  Dubl.  Jour,  of  Med.  Sc.,  1869  ;  Obstet.  Jour., 
iii.  Hemorrhages — Recklinghausen,  Virch.  Arch.,  xxvi.,  1863  ;  Cordua,  Resorp- 
tionsmech.  von  Blutergiissen,  1877 ;  Friedheich,  Virch.  Arch.,  lviii.,  1873 ; 
Baumler,  ibid.,  lix.,  1874.  Chylous  ascites — Quincke,  D.  Arch.  f.  klin.  Med.,  xxx., 
1882  ;  Coats,  Museum  Catalogue  of  Western  Infirmary,  pp.  55,  56  (two  cases  from 
thrombosis  of  jugular),  1885;  Letulle,  Rev.  d.  Med.,  1884;  Whitla,  Brit.  Med. 


924 


SECONDARY  CANCER  IN  ABDOMEN. 


Jour,,  1885,  i. ;  Inflammation — Gkawitz  and  Wateehouse,  1.  c. ;  Klein,  Anat.  of 
lymph,  syst.,  i.,  1873;  Orth,  Virch.  Arch.,  lviii.,  1873;  Feaenkel,  D.  med. 
Wochenschr.,  1884 ;  Bauee,  in  Ziemssen's  Cycl.,  xiv.,  1878.  Tuberculosis — Klebs, 
Virch.  Arch.,  xliv.,  1868 ;  Payne,  Path,  trans.,  xxi.,  1870 ;  Baumgarten,  Zeitschr. 
f.  klin.  Med.,  x.,  1885 ;  Geawitz,  Charite-Annalen,  xi.,  1886.  Primary  cancer — 
Beistowe,  Path,  trans.,  xxi.,  1870;  Neelsen,  D.  Arch.  f.  klin.  Med.,  xxxi.,  1882; 
Beiegee,  Charite-Annalen,  viii.,  1883.  Lymphosarcoma — Wickham  Legg,  St. 
Barth.  Hosp,  Kep.,  xi.,  1875. 

E.—  The  Secondary  Extension  of  Cancers  of  the 
Abdominal  Organs. 

We  have  seen  in  the .  study  of  the  diseases  of  the  stomach  and 
intestine  that  the  cancers  of  these  organs  very  often  lead  to  secondary 
tumours  in  the  liver  and  peritoneum,  and  it  may  be  well  to  consider 
here  more  systematically  what  paths  the  infective  material  follows 
in  passing  from  the  primary  tumour  to  the  seat  of  the  secondary 
growths. 

The  secondary  growths  in  the  liver,  in  the  case  of  cancers  of 
the  organs  mentioned,  form  in  connection  with  the  portal  vessels, 
and  there  is  no  doubt  that  the  material  is  brought  to  the  liver  by 
the  portal  vein  from  its  radicles.  But  the  question  remains,  How 
does  the  cancerous  material  find  its  way  into  the  radicles  of  the 
portal  vein  ?  We  know  that  in  external  cancers  the  secondary 
tumours  occur  uniformly  in  the  lymphatic  glands,  and  it  is  only 
after  these  have  been  long  involved  that  the  cancerous  material 
reaches  the  blood. 

It  seems  probable  that  cancers  of  the  abdominal  organs  form  no 
exception  to  this  rule,  and  that  extension  to  the  liver  is  usually  a 
late  and  properly  a  tertiary  phenomenon,  although  the  concealed 
and  protected  position  of  the  primary  tumour  and  of  the  secondary 
lesions  in  the  lymphatic  glands  renders  this  difficult  of  demonstration. 

Supposing  this  view  to  be  correct,  then  it  follows  that,  if  a  cancer  of  the  stomach 
or  intestine  causes  secondary  growths  in  lymphatic  glands  whose  Veins  are  not 
radicles  of  the  portal,  the  tumours  of  the  tertiary  order  would  not  be  in  the  liver 
but  in  the  lungs,  or  beyond  the  lungs,  in  organs  fed  by  the  systemic  arteries. 

The  author  met  with  a  case  of  cancer  of  the  stomach  in  which,  instead  of 
the  glands  immediately  outside  its  wall,  as  is  usually  the  case,  the  pre-vertebral 
glands  were  enlarged  and  cancerous.  One  of  these  was  adherent  to  the  wall  of 
the  inferior  vena  cava,  and  on  opening  this  vein  a  little  white  thrombus  was 
seen  peeping  out  of  a  small  branch  which  emerged  from  the  large  gland  into 
the  vein.  There  were  cancerous  thrombi  in  other  veins  within  these  glands, 
and  on  microscopic  examination  it  was  found  that  the  cancerous  tissue  in  the 
glands  had  largely  broken  up  the  veins,  and  epithelial  cells  were  found  in  them 
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along  with  the  blood.  In  this  case  there  were  innumerable  cancerous  embolisms 
in  the  lungs. 

This  case  would  seem  to  indicate  that  cancers  in  lymphatic  glands,  by  breaking 
up  the  gland,  penetrate  into  the  venous  radicles  in  the  gland,  and  so  pass  into 
the  general  circulation.  It  seems  a  legitimate  inference  from  this  case  that 
when  the  liver  becomes  involved  in  cancer  of  the  alimentary  canal,  it  does  so 
by  the  portal  blood  becoming  infected  through  the  lymphatic  glands. 

There  remains  one  possible  difficulty  in  the  way  of  accepting  this  view.  In 
external  cancers  it  is  exceptional  for  the  general  circulation  to  become  infected. 
The  disease  generally  goes  no  further  than  the  lymphatic  glands,  whereas  in 
cancers  of  the  abdominal  organs  the  liver  is  affected  in  a  large  proportion  of 
the  cases.  But  in  cases  of  external  cancer  the  patient  usually  suffers  from 
ulceration  of  the  primary  or  secondary  growth  or  of  both,  and  dies  before  the 
infection  has  reached  the  general  circulation.  In  the  case  of  abdominal  cancers, 
however,  the  organs  themselves,  and  the  lymphatic  glands,  are  protected  by 
their  position,  and  the  cancers  are  not  so  apt  to  interfere  with  the  general 
health  as  external  cancers  are.  If  the  history  of  even  an  extensively  ulcerating 
cancer  of  the  stomach  be  compared  with  that  of  a  cancer  of  the  mamma,  the 
difference  will  be  very  apparent.  If  the  cancer  of  the  stomach  does  not  produce 
vomiting  or  stricture  of  the  pylorus,  there  may  be  for  a  long  period  very  little 
disturbance  of  the  general  health,  and  little  more  than  symptoms  of  dyspepsia. 
It  seems  probable,  from  the  history  of  some  cases,  that  a  cancer  of  the  stomach 
may  go  on  for  many  years  without  causing  death.  The  abdominal  lymphatic 
glands  are  still  more  protected.  They  practically  never  ulcerate,  and,  in  relation 
to  direct  injury  to  health,  cancer  in  them  is  of  little  account. 

It  seems  probable,  then,  that  in  cases  where  the  liver  is  affected  the  disease 
is  of  much  longer  duration  in  its  primary  seat  than  is  often  suspected.  Cases 
of  multiple  cancer  of  the  liver  are  often  examined  after  death,*  in  which  no 
suspicion  has  existed  during  life  of  the  existence  of  a  primary  tumour  in  the 
stomach,  and  this  tumour  may  possibly  have  been  going  on  for  a  period  whose 
duration  cannot  in  any  way  be  estimated. 

Cancerous  infection  of  the  peritoneum,  like  that  of  the  liver, 
occurs  by  extension  of  cancer  from  the  abdominal  organs.  The  seat 
of  the  cancer  may  be  any  of  the  abdominal  organs  ;  the  peritoneum 
becomes  infected  when  the  cancerous  material  finds  its  way  into  the 
cavity. 

There  are  some  cancers  which  have  comparatively  little  tendency 
to  extend  along  the  lymphatics  to  the  glands,  but  prefer  to  insinuate 
themselves  among  neighbouring  structures,  and  advance  by  continuity 
of  tissue.  This  applies  especially  to  Colloid  cancer,  which  often 
grows  through  the  wall  of  the  stomach  or  intestine,  while  the  glands 
are  hardly  at  all  affected.  We  can  understand  that  a  cancer  with 
such  a  rigid  stroma  as  this  form  has,  and  with  cells  which  so  readily 
swell  up  and  become  transformed,  will  not  readily  allow  of  trans- 
portation of  its  elements.  But  this  form  of  cancer  very  readily, 
after  growing  through  the  wall  of  the  stomach  or  intestine,  infects 
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the  peritoneum,  and  there  is  no  form  of  cancer  which,  in  such  a 
large  proportion  of  cases,  produces  secondary  tumours  there. 

The  Cancers  of  the  ovary  being  already  very  close  to  the  peri- 
toneum, readily  produce  cancerous  infection,  and  do  so  in  almost 
every  form  of  cancer.  Cancers  of  the  Pancreas  also  frequently  have 
a  similar  course  for  the  same  reason.  The  ordinary  cancers  of  the 
alimentary  canal  more  rarely  pass  through  the  walls  and  infect  the 
peritoneum,  but  they  sometimes  do.  It  is  besides  not  uncommon 
to  meet  with  secondary  cancers  of  the  Liver  which  have  produced 
an  infection  of  the  peritoneum,  some  of  the  tumours  of  the  liver 
having  reached  the  surface  and  extended  through  the  capsule. 

When  the  cancerous  material  gets  into  the  peritoneum  it  is  carried 
throughout  it  by  the  circulating  fluid,  aided  by  the  movements  of 
the  intestine,  and  secondary  cancerous  tumours  commonly  spring  up 
in  the  most  diverse  regions  (Fig.  429).    It  is  to  be  remembered 


Fig.  429.— Disseminated  cancer  of  the  peritoneum,  from  cancer  of  the  stomach. 
(Virchow.) 

that  in  the  peritoneum  there  are  innumerable  open  stomata  ready 
to  absorb  any  finely  divided  solid  matter  that  may  be  suspended  in 
the  peritoneal  fluid.  The  infective  material  will  therefore  be  carried 
from  the  surface  into  the  substance  of  the  peritoneum,  or  into  the 
subperitoneal  tissue,  and  the  resulting  tumours  are  really  beneath 
the  surface.  They  form  usually  flat  growths  with  a  smooth  surface, 
the  general  surface  of  the  peritoneum  being  perhaps  unbroken.  Not 
infrequently  the  tumours  are  continuous  with  one  another  in  some 
parts  of  the  abdominal  wall,  a  layer  of  cancerous  tissue  appearing 
like  a  subperitoneal  thickening. 

The  Great  omentum  is  somewhat  peculiarly  situated  in  this  respect. 
We  have  seen  that  it  probably  acts  as  a  kind  of  drain  in  the  peritoneal 
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cavity,  and  if  this  be  the  case  it  will  specially  absorb  any  material 
which  gets  into  the  cavity.  In  accordance  with  this  there  is  usually 
in  cancer  of  the  peritoneum  great  new-formation  in  the  omentum. 
In  colloid  cancer  it  sometimes 
assumes  the  form  of  a  bulky 
heavy  mass  (see  Fig.  430),  and 
in  other  forms  we  have  it  gath- 
ered up  and  converted  into  a 
solid  tumour  lying  transversely 
in  the  abdomen.  We  may  ven- 
ture the  statement  that  this  fact 
is  too  little  known  among  phy- 
sicians, and  that  a  great  omentum 
thus  altered  is  frequently  taken 
during  life  for  an  enlargement 
of  the  liver,  or  a  primary  tumour 
of  some  obscure  kind. 

The  Appendices  epiploicse  are 
also,  apparently,  highly  absorb- 
ent, and  cancerous  tumours  are 
sometimes  found  in  them. 

The  relation  of  peritoneal  can- 
cers to  the  Diaphragm  presents 
some  points  of  interest.  We 
have  seen  that  the  diaphragmatic 
lymphatics  communicate  with  the 
peritoneal  sac  on  the  one  hand, 
and  the  pleural  sac  on  the  other. 
In  peritoneal  cancers  the  dia- 
phragm is  usually  permeated 
with  cancerous  growths,  and  these  are  often  in  the  form  of  cords 
as  if  following  the  course  of  the  lymphatics.  Through  time  they 
•extend  to  the  pleural  surface,  and  tumours  may  appear  there.  If 
there  are  no  pleural  adhesions  in  this  region  the  infective  material 
passes  into  the  pleural  cavity,  and  numerous  tumours  are  often 
found,  especially  in  the  lower  parts  of  the  pleura.  A  pre-existing 
adhesion  of  the  diaphragm  to  the  lung  prevents  this  extension  of 
the  cancer. 


Fig.  430.— Section  through  transverse  colon  and 
great  omentum  in  a  case  of  colloid  cancer.  The 
omentum  is  converted  into  a  thick,  bulky  mass. 
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SECTION  VIII. 
DISEASES  OF  THE  URINARY  ORGANS. 

A.  The  Kidneys  and  Ureters. — Introduction.    1.  Structure,  2.  Normal  function, 

3.  Pathological  variations  in  function,  {a)  diminution  in  urea,  (b)  uraemia, 
(c)  albuminuria.  I.  Malformations  and  Misplacements — 1.  Congenital  mal- 
formations. 2.  Variations  in  position,  chiefly  the  movable  and  the  floating 
kidney.  II.  Disorders  of  Circulation,  chiefly  hyperemia,  embolism,  and 
haemorrhage.  III.  Hypertrophy,  mainly  compensatory.  IV.  Hydronephrosis, 
V.  Bright's  disease — 1.  Causation.  2.  Forms,  {a)  Parenchymatous  or  tubular 
nephritis  ;  changes  in  glomeruli,  epithelium,  etc.  ;  the  large  white  kidney ; 
the  contracted  fatty  kidney  ;  (b)  Interstitial  nephritis;  changes  in  interstitial 
tissue,  tubules,  glomeruli,  etc.  ;  cystic  formation.  3.  Character  and  origin 
of  tube  casts.  4.  Functional  changes  and  other  phenomena  ;  state  of  urine ; 
increased  arterial  tension,  and  hypertrophy  of  left  ventricle  ;  oedema  and 
dropsy,  etc.  Theory  of  vascular  changes.  VI.  Embolic  inflammations, 
Metastatic  abscesses.  VII.  Inflammations  of  the  Pelvis  and  of  the  Kidney 
in  association  with  the  Pelvis.  1.  Pyelitis.  2.  Pyelonephritis.  3.  Pyone- 
phrosis. VIII.  Retrograde  changes — 1.  Amyloid  disease,  its  various  origins  ; 
mostly  with  interstitial  nephritis,  2.  Atrophy,  sometimes  local  from  affection 
of  arteries,  3.  Parenchymatous  infiltration.  IX.  Concretions  and  Calculi; 
in  the  new-born  and  in  adults.  X.  Syphilis  and  Tuberculosis ;  chiefly  local 
tuberculosis  or  renal  phthisis.  XI.  Tumours — Cysts,  including  cystic  de- 
generation ;  Sarcomas  and  cancers.    XII.  Parasites. 

B.  Urinary  bladder  and  Urethra.    1.  Congenital  malformations.    2.  Perforation 

and  rupture  of  bladder.   3.  Dilatation  and  hypertrophy,  including  diverticula. 

4.  Disorders  of  circulation.  5.  Inflammation  of  bladder,  Cystitis,  chiefly 
from  decomposition  of  urine.  6.  Tuberculosis.  7.  Tumours.  8.  Parasites. 
9.  Concretions  and  calculi ;  their  various  forms,  etc.  Diseases  of  the 
Urethra,  chiefly  Gonorrheal  inflammation,  and  stricture. 

A. — The  Kidneys  and  Ureters. 

TNTRODUCTION.— In  studying  the  diseases  of  the  kidneys,  it  is 
necessary  to  bear  constantly  in  mind  the  general  facts  as  to 
their  structure,  otherwise  the  examination  of  the  organs  will  lead 
to  confusion.  The  functions  of  the  kidney  must  also  be  understood 
in  their  outlines  in  order  to  a  comprehension  of  the  changes  wrought 
by  disease. 
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The  normal  kidney  measures  about  4  inches  in  length,  1\  in  breadth,  and  1£ 
in  thickness.  The  weight  varies  considerably,  the  average  for  the  male  being 
i\  to  5  ounces,  and  for  the  female  slightly  less.  The  surface  is  smooth  and  the 
capsule  although  closely  applied  to  the  surface  can  be  readily  stripped  off.  On 
section  the  tissue  is  seen  to  be  very  regular,  the  distinction  of  pyramids  and 
cortex  being  well  defined. 

1.  Normal  structure. — When  a  microscopic  section  of  the  kidney, 
made  so  as  to  include  both  cortical  and  pyramidal  substance,  is  exam- 


Fig.  481.— Section  of  normal  kidney  including  cortex  and  base  of  pyramid  with  a 
very  low  magnifying  power,  a,  medullary  rays  ;  b,  convoluted  tubules  ;  c,  region  of 
arteripe  recta?  in  pyramids  ;  d,  larger  vessels  running  between  pyramid  and  cortex  ; 
e,  Malpighian  tufts  ;  /,  capsule,    x  12. 

ined,  the  contrast  between  these  two  regions  is  sufficiently  striking 
in  respect  that  in  the  cortical  substance  the  uriniferous  tubules  have 

3  N 
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a  markedly  irregular  and  convoluted  course.  If  attention  be  now 
confined  to  the  cortex  alone,  as  in  Fig.  431,  it  will  be  seen  that 
convoluted  tubules  are  not  the  only  kind  present.  There  are  also 
straight  tubules  prolonged  up  from  the  pyramids  in  the  form  of 
tapering  bundles  (a)  between  which  lie  convoluted  tubules  (b).  These 

tapering  bundles,  the  medullary 
rays  or  pyramids  of  Ferrein,  do 
not  reach  the  surface,  the  most 
superficial  part  of  the  cortex  pre- 
senting a  continuous  layer  of 
convoluted  tubules.  In  this  way 
the  deeper  parts  of  the  cortex 
present  a  regular  division  into 
alternating  areas  of  straight  tub- 
ules or  medullary  rays,  and  con- 
voluted tubules.  Among  the 
'convoluted  tubules  lie  the  Mal- 
pighian  bodies  or  glomeruli  (e  in 
figure).  These  occur  somewhat 
frequently,  and  at  tolerably  regu- 
lar intervals. 

In  addition  to  these  arrange- 
ments of  the  tubules,  the  blood- 
vessels must  receive  attention. 
The  larger  arteries  (d  Fig.  431) 
run  between  pyramids  and  cor- 
tex, and  send  up  stems  given  off 
at  right  angles  into  the  cortex. 
These  pass  at  intervals  into  the 
region  of  convoluted  tubules,  and 
as  they  ascend  they  give  off 
lateral  branches  to  the  glomeruli. 
It  will  thus  appear  that  the  areas 
of  convoluted  tubules  are  also  the  areas  of  the  ascending  arteries 
(which  are  also  called  interlobular  arteries)  and  glomeruli.  In  the 
glomerulus  the  afferent  vessel  breaks  up  into  a  congeries  of  capillary 
vessels,  called  the  tuft.  These  gather  together  to  form  the  efferent 
vessel,  and  this  again  breaks  up  into  capillaries  which  surround  the  J 
tubules  with  a  rich  network. 

The  large  arteries  which  run  between  the  pyramids  and  the  cortex 
also  give  off  occasional  arterial  branches  downwards  to  the  pyramids. 
These  arteries  break  up  into  bunches  of  straight  arterioles  (arterial 


Fig.  432. — Diagram  of  course  of  uriniferous  tu- 
bules from  Malpighian  body  (I)  to  pyramid  (IX). 
See  text.  (Quain.) 
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rectse,  c  in  Fig.  431)  which  are  increased  by  branches  coming  down 
from  the  afferent  vessels  in  the  deeper  parts  of  the  cortex.  These 
bunches  of  arterioles  taper  as  they  pass  down  the  pyramids,  so  that 
they  form  small  pyramids  with  their  bases  towards  the  cortex.  They 
correspond  in  position  with  the  areas  of  convoluted  tubules,  which 
areas  they,  as  it  were,  prolong  down  into  the  pyramids. 

2.  Function. — In  studying  the  functions  of  the  kidneys  we  have 
to  remember  in  the  first  place  the  course  of  each  uriniferous  tubule, 
which  may  be  followed  in  the  annexed  diagram  (Fig.  432).  It  begins 
in  the  Malpighian  body  (i).  Issuing  thence  the  tubule  becomes 
convoluted  (n),  and  then  it  dips  down  in  a  long  loop  (Henle's  loop) 
whose  bend  (h)  is  usually  in  the  pyramidal  portion.  Turning  up- 
wards (IV)  the  loop  comes  back  to  the  cortex,  again  becomes 
convoluted  (v),  and  then  opens,  sometimes  at  an  acute  angle,  into 
a  straight  tubule  (vi)  which  passes  directly  downwards,  joined  by 
other  tubules  (vn),  till  it  opens  at  the  apex  of  the  pyramid  (ix) 
into  one  of  the  calices. 

So  far  as  the  water  of  the  urine  is  concerned,  it  is  generally 
agreed  that  it  passes  from  the  blood  at  the  glomeruli ;  it  filters,  in 
fact,  from  the  capillaries  into  the  ends  of  the  tubules.  According 
to  Bowman's  view,  it  is  mainly  the  water  which  passes  through 
at  the  Malpighian  bodies,  the  urea,  urates,  etc.,  being  secreted 
from  the  blood  by  the  large  granular  epithelium  which  lines  the 
convoluted  tubules. 

It  seems  probable  that  Ludwig's  view  is  correct,  that  the  water  passing  through 
at  the  glomeruli  is  partly  re-absorbed,  but  that  the  function  of  the  epithelium 
is  not  confined  to  this.  In  experiments,  in  which  indigo -sulphate  of  sodium 
was  injected  into  the  blood,  it  was  found  that  this  substance  is  excreted  by  the 
epithelium  of  the  tubules,  chiefly  that  of  the  convoluted  tubules.  The  colour 
of  the  substance  rendered  it  possible  to  see  the  seat  of  its  excretion.  As  an 
inference  from  this  it  may  be  supposed  that  the  epithelium  is  actively  engaged 
in  separating  urea  and  other  urinary  constituents,  perhaps  changing  some  of 
them  in  transit. 

The  actual  amount  of  the  urine  secreted  will  depend  on  the  blood- 
pressure  in  the  vessels  of  the  glomeruli  and  on  the  speed  with  which 
the  blood  passes  through  these  vessels.  The  amount  secreted  will 
be  increased  by  increase  of  pressure  in  the  vessels,  as,  for  instance, 
by  relaxation  of  the  renal  arteries,  and  it  will  be  diminished  by  any 
cause  which  diminishes  the  pressure  in  these  vessels.  Considering 
the  close  relationship  of  the  renal  vessels  to  the  systemic  arteries 
and  veins,  it  is  clear  that  the  blood  in  the  former  will  be  liable 
to  considerable  variations  in  pressure  and  in   the   speed  of  the 
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current  from  circumstances  affecting  the  general  circulation,  such  as 
disease  of  the  heart  and  lungs. 

3.  Pathological  variations  in  function. — In  considering  the  various 
forms  of  disease  of  the  kidneys  it  is  proper  to  consider  their  influence 
on  the  functions  of  these  organs.  There  are  two  principal  pathological 
changes  in  function  which  merit  more  particular  consideration,  namely, 
diminution  in  the  amount  of  urea  and  albuminuria. 

(a)  Diminution  in  urea  and  other  excreta. — The  secretion  of  urea 
(and  other  excretory  products  of  less  known  composition)  is 
chiefly,  as  already  mentioned,  a  function  of  the  renal  epithelium. 
It  has  also  been  indicated  that  the  secretion  of  water  is  effected  in 
the  glomeruli,  so  that  these  two  functions  are  exercised  in  different 
situations  and  may  be  variously  altered  without  relation  to  each 
other.  The  amount  of  water  may  be  greatly  in  excess,  whilst  the 
percentage  of  urea  in  the  urine  may  be  so  small  as  that  the  total 
daily  amount  is  greatly  under  the  normal.  It  may  be  said  that 
relaxation  of  the  renal  arteries  or  increase  in  the  general  blood- 
pressure  by  increasing  the  amount  of  blood  passing  through  the 
kidneys,  will  directly  increase  the  amount  of  water  separated  in  the 
glomeruli,  and  will  also  stimulate  the  separation  of  urea  should 
there  be  an  excess  of  the  latter  in  the  blood.  But,  if  the  renal 
epithelium  be  lost  or  paralyzed,  then  there  may  be  a  great  diminu- 
tion in  the  urea  excreted,  even  though  the  water  is  greatly  increased. 
Loss  of  the  epithelium  tends  in  another  Avay  to  produce  a  watery 
condition  of  the  urine,  as  the  function  of  the  epithelium  in  con- 
centrating the  urine  will  be  diminished.  It  may  thus  be  inferred 
that  while  interference  with  the  circulation  of  the  kidneys,  by  stag- 
nation of  the  blood  or  otherwise,  is  likely  to  diminish  both  the 
water  and  urea,  interference  with  the  epithelium  diminishes  the 
amount  of  urea  whilst  not  diminishing  the  secretion  of  water. 

(b)  Uraemia. — This  term  is  applied  to  a  group  of  symptoms,  the 
principal  of  which  are  vomiting,  sleeplessness,  headache,  convulsions, 
and  coma,  which  are  liable  to  occur  when  the  excretion  of  the 
essential  urinary  constituents  is  seriously  diminished.  These  con- 
stituents retained  in  the  blood  act  as  poisons,  but  it  has  not  been 
found  possible  to  discriminate  amongst  the  various  symptoms  as  to 
how  they  are  related  to  the  different  constituents  of  the  urine,  the 
chief  of  which  are  urea,  creatine,  and  creatinine.  Urea,  at  least,  is 
not  a  vigorous  poison,  and  it  seems  to  be  only  when  in  great 
excess  and  acting  for  a  considerable  period  that  uremic  symptoms 
are  produced. 

There  are  two  different  ways  in  which  the  urinary  constituents 
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may  be  caused  to  accumulate  in  the  blood.  The  excretory  apparatus 
in  the  kidneys  may  be  diseased  in  the  manner  referred  to  above  ; 
in  particular  the  secreting  epithelium  may  be  interfered  with.  But 
the  outflow  of  urine  may  be  hindered  by  obstruction  to  the  urinary 
passages.  In  this  latter  case  there  is  to  some  extent  a  re-absorption 
of  the  urinary  constituents,  but  as  the  ureters  and  pelves  get  dis- 
tended by  the  accumulating  urine  the  secretion  in  the  kidneys 
gradually  ceases  (see  under  Hydronephrosis),  so  that  the  constituents 
are  retained  in  the  blood.  It  will  be  understood  that  whilst  uraemic 
symptoms  most  readily  develop  when  the  urine  is  diminished  or 
suppressed  either  by  disease  of  the  kidneys  or  by  obstruction  to  the 
outflow,  yet  its  occurrence  is  not  inconsistent  with  even  an  excess 
of  watery  urine. 

Considerable  doubt  was  at  one  time  thrown  on  the  view  that  the  symptoms  of 
imtmia  were  due  to  poisoning  by  the  urinary  constituents.  The  injection  of 
urea  or  urine  into  the  blood  of  animals,  or  the  ingestion  of  urea  with  the  food, 
failed  to  produce  the  symptoms,  leading  only  to  an  excessive  secretion  of  urine. 
Two  theories  were  devised  to  account  for  these  apparent  discrepancies.  The 
theory  of  Traube,  that  the  symptoms  are  due  to  oedema  of  the  brain,  is  not 
now  accepted.  Nor  is  that  of  Frerichs,  according  to  which  it  is  not  the  urinary 
constituents  themselves,  but  the  products  of  their  decomposition,  chiefly  carbonate 
of  ammonia,  which  act  as  poisons.  Chemical  investigation  shows  that  there  is 
no  excess  of  carbonate  of  ammonia  in  the  blood  in  uraemia,  and  experiment 
indicates  that  carbonate  of  ammonia  when  introduced  into  the  blood  produces 
symptoms  different  from  those  of  uraemia. 

It  is  the  accumulation  of  the  constituents  in  the  blood  which  produces,  after 
a  time,  an  intolerance  of  them.  If,  besides  injecting  urine  into  the  blood  in 
animals,  the  ureters  be  ligatured,  then  the  symptoms  of  ur;emia  rapidly  manifest 
themselves. 

(c)  Albuminuria. — By  this  term  is  meant  the  escape  of  the  serum- 
albumen  along  with  the  water  of  the  blood,  which  no  doubt  occurs  at 
the  glomerulus.  The  albumen  probably  undergoes  some  changes  after 
or  during  its  passage  (Kirk).  Albumen  is  found  in  small  quantities  in 
the  urine  of  some  persons  apparently  healthy,  so  that  a  condition  of 
so-called  Physiological  albuminuria  has  been  distinguished.  There 
are,  however,  in  such  cases  only  slight  traces,  and  the  presumption  is 
that  some  disturbance  actually  exists  in  the  kidneys  in  all  cases  of 
albuminuria.  It  is  clear  from  the  variety  of  conditions  which  may 
lead  to  it  that  it  may  be  induced  by  a  comparatively  slight  de- 
rangement. 

The  water  of  the  urine  is  eliminated,  as  already  mentioned,  mainly 
at  the  glomeruli  by  a  process  which  has  been  compared  to  filtration. 
If  it  were  a  simple  filtration,  albumen  would  be  present,  and  some 


934  THE  KIDNEYS. 

. 

observers  have  supposed  that  albumen  does  pass  through,  to  be  re- 
absorbed by  the  epithelium  of  the  uriniferous  tubules.  It  is  generally 
acknowledged  that  water  is  reabsorbed  in  the  tubules,  and  that  the 
urine  is  thus  concentrated,  but  the  reabsorption  of  albumen  is  much 
more  problematical.  Such  a  hypothesis  would  imply  that  the  appear- 
ance of  albumen  in  the  urine  was  due  to  the  failure  of  the  epithelium 
to  absorb,  and  we  should  expect  it  to  be  associated  with  an  excess  of  J 
water.  Precisely  the  opposite  is  in  general  the  case,  and  albumen  is. 
more  frequent  in  concentrated  than  in  dilute  urine. 

The  truth  seems  to  be  that  the  process  in  the  glomeruli  is  not  a  j 
simple  nitration,  but  a  transudation  through  a  living  membrane  of  com- 
plicated structure.    Wherever  such  transudations  occur  in  the  living 
body  there  is  some  selection  of  the  constituents  which  are  allowed 
to  pass,  and  although  the  transudation-fluids  are  albuminous  they  are 
so  in  very  varying  degrees.     Thus  the  percentage  of  albumen  in 
cerebro-spinal  transudations  is  about  1*5  per  cent.,  whereas  in  the 
peritoneal  and  pleural  cavities  it  may  be  five  or  ten  times  as  great 
(see  p.  129).    The  glomerulus  is  more  like  a  secreting  or  glandular 
organ  than  a  simple  filter.     The  water  in  passing  out  has  to  pene-  j 
trate  the  walls  of  the  vessels  and  then  a  layer  of  epithelium.  The 
capillary  vessels  themselves  are  highly  cellular,  being  very  abundantly 
nucleated,  and  the  epithelium  clothes  the  tuft  completely  (Heidenhain).  j 
These  structures  exercise  a  selection  in  allowing  the  passage  of  the 
constituents  of  the  blood,  giving  transit  especially  to  water  and  salts. 
It  is  a  very  interesting  fact,  and  one  entirely  confirmatory  of  this 
view,  that  while  serum-albumen  is  retained,  egg-albumen  when  in- 
jected into  the  blood  of  animals  is  passed  into  the  urine.     (Stokvis  I 
and  others.)     Any  derangement  of  the  delicate  glomerulus  is  likely 
to  allow  of  the  passage  of  albumen,  and  it  will  be  found  that  dis-  I 
eases  which  specially  affect  this  delicate  organ,  such  as  acute  in-  j 
fl  animation   and   amyloid   disease,   are   specially   characterized  by 
albuminuria. 

It  is  not  improbable  that  albumen  may  reach  the  urine  from  other 
sources  than  the  glomeruli.     The  arterise  rectae  of  the  pyramids  I 
occupy  a  somewhat  similar  position  in  the  vascular  system  to  that 
of  the  glomeruli.    They  come  off  to  a  large  extent  directly  from  the  I 
larger  arteries,  and  the  blood  after  leaving  them  also  passes  into 
capillaries.    It  is  noticeable  also  that  they  and  the  glomeruli  are 
the  structures  first  and  chiefly  affected  by  amyloid  disease.    It  is 
not  improbable  that  in  inflammations  and  in  amyloid  disease  there 
may  be  considerable  transudation  of  serous  fluid  from  these  vessels,  j 
which  may  find  its  way  into  the  uriniferous  tubules. 
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Literature— See  full  account  in  Heidenhain,  in  Hermann's  Phys.,  v.,  1880; 
Pantyuski,  Virch.  Arch.,  lxxix.,  1880.  Urcemia— Teaube,  Ges.  Abhandl.,  1871; 
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Glasg.  (by  Roberts,  Hamilton,  Gairdner,  Greenfield,  Newman,  Coats,  etc.),  Glasg. 
Med.  Jour.,  1884. 

I— MALFORMATIONS  AND  MISPLACEMENTS  OF  THE  KIDNEY. 

1.  Congenital  malformations. — These  are  frequently  such  as  to 
produce  comparatively  little  interference  with  the  function  of  the 
organs.  This  does  not  apply  to  the  extreme  cases  where  both 
organs  are  absent  or  extremely  small,  but  as  this  only  occurs  with 
serious  malformations  of  the  body  as  a  whole,  the  child  does  not 
survive. 


Fig.  433.— Horse-shoe  kidney,  a,  a,  pelves  with  ureters,  the  latter  coming  off 
from  the  external  instead  of  the  internal  borders  ;  b,  b,  vena  cava  ;  c,  c,  aorta  giving 
off  two  renal  arteries  ;  another  artery,  d,  came  off  higher  up.  (This  is  a  precise  out- 
line taken  by  the  camera  lucida.) 

Defect  of  one  kidney  is  not  infrequently  met  with  in  well- 
formed  adults  without  any  sign  of  disease  of  the  kidneys.  It  is 
mostly  the  left  kidney  that  is  defective,  and  it  may  be  entirely 
absent,  its  vessels  and  a  diminutive  ureter  ending  in  a  piece  of 
connective  tissue.  The  other  kidney  in  these  cases  undergoes  a 
compensatory  hypertrophy. 


936 


THE  KIDNEYS. 


The  kidney  also  not  infrequently  shows  some  trace  of  the  Foetal 
lobulation  which  in  some  animals  is  normally  retained  throughout 
life. 

Coalescence  of  the  two  kidneys  across  the  middle  line  is  one  of  the 
most  frequent  malformations.  Various  degrees  of  it  are  presented.. 
It  may  be  a  simple  elongation  of  the  inferior  extremities  of  the 
kidneys  which  are  united  by  a  fibrous  band  passing  across  the 
vertebrae.  Or  there  may  be  a  proper  isthmus  of  renal  tissue  uniting 
the  two  kidneys  into  one  and  forming  the  well-known  Horse-shoe 
kidney  (Fig.  433).  From  this  we  have  various  grades  on  to  complete 
coalescence  of  the  kidneys  into  an  elongated  or  square  body  across 
the  vertebrae.  In  almost  every  case  there  are  the  regular  two  ureters, 
or  they  may  even  be  increased  in  number.  This  form  of  kidney  is 
often  depressed  in  position,  even  coming  as  low  in  some  cases  as 
the  hollow  of  the  sacrum.  When  depressed  the  arteries  usually 
have  abnormal  origins,  as  from  the  common  iliac,  hypogastric,  etc. 

2.  Variations  of  position. — These  may  be  congenital  or  acquired. 
In  the  former  case  and  in  some  of  the  latter  the  kidney  is  fixed  in 
its  unusual  situation.  In  Congenital  malposition  it  is  generally  the 
left  kidney  which  is  concerned.  It  may  be  depressed  so  as  to  lie 
as  low  as  the  brim  or  even  the  cavity  of  the  pelvis.  It  is  not 
infrequently  seated  opposite  the  sacro-iliac  synchondrosis.  Such 
kidneys  have  usually  the  hilum  presenting  forward,  and  they  are  flat- 
tened ;  their  vessels  are  branches  of  the  lower  end  of  the  aorta  and 
of  the  iliac  veins,  or  even  entirely  of  the  iliac  vessels.  The  kidney 
may  also  lie  nearer  the  middle  line  than  normal  or  in  the  middle 
line. 

The  malposition  may  be  acquired  by  the  pressure  of  tumours  or 
of  the  liver,  by  the  dragging  of  a  hernial  sac,  and  so  on. 

Movable  and  Floating  kidney. — These  terms  designate  two  con- 
ditions, both  of  them  characterized  by  undue  mobility  of  the  organ. 
The  kidney  normally  lies  behind  the  peritoneum,  which  covers  it 
only  on  its  anterior  surface.  The  organ,  being  in  the  loose  retro- 
peritoneal tissue,  is  surrounded  by  a  fatty  capsule  as  well  as  by  its 
more  immediate  connective-tissue  capsule.  It  is  fixed  to  the  posterior 
wall  of  the  abdomen  partly  by  its  vessels,  partly  by  the  peritoneum 
binding  it  down,  and  partly  by  the  pad  of  adipose  tissue  which 
forms  its  fatty  capsule. 

In  the  Movable  kidney  the  organ  is  unduly  mobile  behind  the 
peritoneum ;  it  may  be  movable  within  its  fatty  capsule  or  may 
carry  this  with  it  in  its  displacement.  The  organ  is  sometimes 
capable  of  great  displacement  up  under  the  ribs,  down  into  the 
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pelvis,  and  for  a  short  distance  across  the  middle  line,  although 
usually  the  mobility  is  limited. 

The  undue  mobility  occurs  in  the  great  majority  of  cases  in  females,  and  it 
is  usually  on  the  right  side  (in  the  proportion  of  152  :  12;  see  Newman).  Its 
frequency  in  women  is  ascribed  to  the  disturbances  produced  by  pregnancy,  and 
also  to  the  wearing  of  stays.  The  relations  of  the  right  kidney  to  the  liver  and 
ascending  colon  probably  account  for  the  greater  frequency  on  this  side.  The 
heavy  liver,  especially  when  pushed  downwards  by  stays,  may  dislocate  the 
kidney,  and  the  ascending  colon  is  more  loosely  attached  on  the  right  side  of 
the  abdomen  than  is  the  descending  colon  on  the  left.  Eapid  emaciation,  by 
diminishing  the  pad  formed  by  the  fatty  capsule,  is  not  an  infrequent  cause. 
It  is  stated  that  there  may  be  a  local  diminution  of  the  fat  in  the  capsule. 

Floating  kidney  is,  strictly,  a  kidney  with  a  meso-nephron.  The 
peritoneum  covers  both  surfaces  of  the  organ,  and  forms  a  mesentery 
which  contains  the  vessels.  This  form  is  excessively  rare,  and  its 
existence  has  been  denied  by  some.  It  is  of  congenital  origin.  The 
degree  of  mobility  is  not  greater  than  in  many  cases  of  movable 
kidney,  and  the  two  conditions  are  scarcely  distinguishable  during 
life. 

The  movable  kidney  is  not  very  liable  to  secondary  changes, 
although  sometimes  the  abnormal  position  interferes  with  the  flow 
through  the  ureter,  and  leads  to  hydronephrosis,  or  even  inflammation 
of  the  pelvis.  Of  more  importance  is  the  fact  that  by  dragging  there 
may  be  serious  nervous  disturbances  in  the  form  of  excruciating  cramps. 
The  kidney  may,  however,  be  movable  without  any  such  nervous 
symptoms  presenting  themselves. 

3.  Malformations  of  the  ureters  and  pelvis. — These  are,  in  general, 
of  little  importance.  The  ureter  may  be  double  either  in  its  whole 
course  or  in  its  upper  part.  The  pelvis  may  also  be  double  or  in 
several  divisions,  each  of  which  has  a  separate  connection  with  the 
ureter.  The  ureter  may  arise  from  the  pelvis  at  an  acute  angle,  or 
there  may  be  a  kind  of  valve  in  the  course  of  the  ureter  from  a  fold  of 
mucous  membrane. 

Literature. — Bayer,  Traite  des  malad.  des  reins,  iii. ;  Forster,  Die  Missbildungen  ; 
Lancereaux,  L'Union  med.,  1880;  Landau,  Die  Wanderniere  d.  Frauen,  1882; 
Report  of  Committee,  Path,  trans.,  xxvii.,  1876;  Newman,  Surgical  dis.  of  kidney, 
1888;  Bostrom,  Path.  Anat.  der  Niere,  1886. 

II.  —DISORDERS  OF  THE  CIRCULATION  IN  THE  KIDNEYS. 
Active  hyperemia  is  caused  by  dilatation  of  the  renal  arteries. 
This  may  be  from  traumatic  injury  to  the  vaso-motor  centre  in  the 
medulla  oblongata.    In  a  case  of  this  kind  observed  by  the  author 
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there  was  the  most  intense  hyperemia  with  enlargement  of  both 
kidneys,  the  injection  affecting  all  the  vessels.  During  the  few  hours 
that  the  patient  survived  large  quantities  of  urine  were  twice  re- 
moved by  the  catheter,  and  after  death  the  bladder  was  again  found 
distended  by  a  watery  urine.  Again,  we  may  have  an  active  hyper- 
amiia  from  removal  of  pressure,  as  after  excision  of  large  tumours 
from  the  abdomen  or  the  removal  of  ascitic  fluid,  or  even  the  removal 
of  fluid  from  the  pleura.  Under  these  circumstances  there  is  often 
for  a  day  or  two  excessive  secretion  of  urine  lasting  till  the  renal 
vessels  resume  their  normal  state  of  contraction. 

The  hyperemia  which  follows  on  the  administration  of  certain 
poisons,  such  as  cantharides,  arsenic,  and  carbolic  acid,  is  to  be  re- 
garded as  really  inflammatory. 

Passive  hyperemia  results  from  obstruction  to  the  venous  circu- 
lation, and  is  most  frequently  met  with  in  valvular  disease  of  the 
heart  and  in  diseases  of  the  lungs  in  which  the  circulation  is  seriously 
interrupted,  as  in  severe  emphysema. 

If  the  obstruction  take  place  suddenly  there  may  be  very  intense 
engorgement  of  the  renal  vessels  and  considerable  haemorrhage 
from  the  glomeruli,  so  that  their  capsules  and  the  tubules  contain 
blood. 

In  the  more  usual  chronic  cases,  such  as  occur  so  frequently  in 
cases  of  heart  disease,  the  kidne}Ts  present  an  increase  in  density 
due  to  Cyanotic  induration  (see  ante,  p.  96).  There  is  also  a  general 
redness,  but  this  is  usually  most  manifest  in  the  pyramids  where 
the  arteria?  rectre  often  show  very  special  dilatation,  indicated  by 
exaggeration  of  the  red  streaks  which  pass  from  the  bases  of  the 
pyramids  in  the  direction  of  the  apices.  The  glomeruli  are  also 
visible  in  the  cortex  as  small  red  spots. 

Microscopic  examination  shows  great  overfilling  of  the  vessels, 
accompanied  in  many  cases  with  atrophy  of  the  epithelium  of  the 
tubules,  which  is  not  infrequently  fatty.  There  is  often  blood  in 
the  glomeruli  and  tubules,  and  sometimes  brown  pigment  which  has 
formed  from  blood.  This  pigment  may  be  partly  crystalline.  The 
tubules  also  frequently  contain  hyaline  tube-casts. 

Thrombosis  of  the  renal  veins  is  sometimes  a  result  of  passive 
hyperemia,  but  it  usually  occurs  just  before  death  and  when  the 
patient  is  very  much  debilitated.  The  author  met  with  it  in  a 
case  of  amyloid  disease  which  had  followed  on  an  attack  of  gonorrhoeal 
rheumatism. 

Embolism  of  the  kidney  is  very  frequent.  Kemembering  that 
the  renal  arteries  are  strictly  end  arteries,  it  will  be  understood 
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that  when  one  of  them  is  obstructed  the  Infarction  virtually  always 
occurs.  The  arteries  of  the  kidney  being  distributed  primarily  to 
the  cortex,  the  infarction  is  more  or  less  wedge-shaped  (Fig.  434), 
with  the  base  of  the  wedge  at  the  surface.  If*  the  wedge  be  of 
larger  size  it  will  extend  also 
into  the  pyramids. 

As  a  rule  the  infarction  is  of 
a  pale  colour  and  of  dense  con- 
sistence, the  tissue  having  un- 
dergone Coagulation-necrosis. 
There  is  not  generally  much  hae- 
morrhage, but  usually  at  the 
margin  there  is  some,  and  if  the 
infarction  be  small  the  haemor- 
rhage may  extend  throughout 
it.  Around  the  infarction  there 
is  a  zone  of  hyperemia. 

The  kidney  tissue  seems  to  undergo       Fig.  434. -Embolic  infarction  of  kidney.  The 

.  white  appearance  and  wedge  shape  of  the  lnfare- 

necrosis  very  readily  when  deprived    tion  are  represented.  (After  Rayer.) 

of  blood.   Litten  found  that  when  the 

renal  artery  was  ligatured  for  two  hours  the  renal  epithelium  was  already  necrosed. 
This  is  probably  the  reason  why  the  infarction  seldom  takes  the  hemorrhagic 
form.  The  readiness  with  which  the  renal  epithelium  dies  is  frequently  shown 
in  infarctions  of  the  kidneys,  and  is  illustrated  in  Figs.  54  and  55,  pp.  166-7. 
At  the  peripheral  parts  of  the  infarction,  and  in  small  ones  throughout  it,  the 
epithelium  may  be  found  dead,  as  evidenced  by  the  absence  of  nuclear  staining, 
whilst  the  connective  tissue  remains  alive,  having  its  nuclei  fully  stained. 

The  infarction  gradually  undergoes  absorption,  and  is  replaced 
by  a  cicatrix.  In  this  way  deep  depressions  of  the  kidney  may 
occur,  and  if  there  are  several  of  them  the  kidney  may  assume 
a  lobed  appearance.  In  cases  of  old  mitral  or  aortic  disease  it 
is  very  common  to  find  deep  cicatrices,  indicating  that,  probably 
at  the  time  of  acute  endocarditis,  embolism  of  the  kidney  had 
occurred. 

The  kidney  is  not  infrequently  the  seat  of  Septic  embolism  in 
pyaemia,  ulcerative  endocarditis,  etc.  The  result  is  the  formation  of 
miliary  abscesses,  which  will  come  up  for  consideration  hereafter. 
•  Hemorrhage  from  the  kidney  is  very  frequent  and  important. 
It  is  of  common  occurrence  in  acute  nephritis,  and  is  not  infrequent 
in  chronic.  It  is  a  frequent  symptom  in  tumours  of  the  kidney, 
especially  in  cancers  and  cystic  degeneration,  and  it  results  from 
calculi  in  the  pelvis  of  the  organ. 
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Purpura  and  scurvy  seem  to  have  a  special  tendency  to  affect 
the  pelvis  of  the  kidney,  causing  bleeding  from  its  mucous  membrane. 
A  peculiar  and  interesting  form  is  met  with  in  infants,  in  whom  a 
scorbutic  condition  has  been  induced  by  artificial  feeding  without 
sufficient  fresh  milk.  In  this  case  blood  in  the  urine  may  be 
the  only  direct  symptom  of  scurvy.    (See  Dickinson.) 

When  the  haemorrhage  is  from  the  kidney  proper  the  blood  is 
intimately  mixed  with  the  urine,  as  in  Bright's  disease  and  scurvy. 
When  the  bleeding  is  from  the  pelvis  as  from  calculi,  tumours,  etc., 
the  blood  is  often  coagulated,  and  when  found  in  the  urine  it  some- 
times has  an  elongated  worm-like  form  acquired  in  passing  through 
the  ureter.  This  passage  causes  much  pain.  Haemorrhage  into  the 
parts  around  the  kidney  will  only  occur  in  cases  of  rupture  from 
injury  of  the  organ. 

Literature. — Cohnheim,  Die  embol.  Process,  1872,  and  Allg.  Path.,  ii. ;  Littex, 
Haemorrh.  Infarc,  1877,  and  Virch.  Arch.,  lxxxviii.,  1882;  Recklinghausen, 
(Retrograde  embol.  of  renal  vein)  ibid.,  c.  1885;  Dickinson,  Renal  and  urinary 
affections,  part  iii.,  1885. 

III. — HYPERTROPHY  OF  THE  KIDNEY. 

Compensatory  hypertrophy  of  the  kidney  readily  develops  when 
one  kidney  is  lost  or  congenitally  defective.  In  the  case  of  con- 
genital absence  of  one  kidney  the  other  will  be  found  homogeneously 
enlarged,  and  weighing  nearly  the  same  as  the  two  normal  kidneys 
together.  The  different  regions  of  the  kidney  bear  the  same  re- 
lations to  each  other,  each  being  enlarged  in  its  due  proportion. 
The  function  of  the  kidneys  is  also  completely  carried  out  by  the 
single  one. 

It  has  been  determined  by  experiments  in  animals  that  com- 
pensatory hypertrophy  develops  after  excision  of  one  kidney  in 
full-grown  animals,  although  it  is  more  complete  when  the  operation 
is  done  in  the  new-born.  It  is  remarkable  how  soon  after  such 
excision  complete  restoration  of  the  renal  functions  occurs,  the 
secretion  of  urea  having  reached  its  normal  in  one  case  about  two 
days  after  the  operation,  and  the  animals  having  remained  from  the 
first  apparently  unaffected  in  health. 

In  the  hypertrophied  kidney  there  is  new-formation  of '  tissue. 
There  is  not,  however,  a  numerical  increase  in  the  lobules  of  the 
kidney,  the  glomeruli  not  being  increased  in  number,  although 
slightly  in  size.  As  the  capsules  are  the  expanded  ends  of  the 
tubules,  the  latter  also  are  not  increased  in  number.  They  are 
not  even  increased  greatly  in  diameter,  and  the  hypertrophy  seems 
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to  consist  chiefly  in  an  elongation  and  increased  convolution  of  the 
tubules,  with  great  new-formation  of  epithelium. 

Besides  this  form  of  compensatory  hypertrophy,  there  may  be 
an  enlargement  of  both  kidneys  in  diabetes  insipidus,  and  perhaps 
also  in  diabetes  mellitus. 

Literature.—  Rosenstein,  Virch.  Arch.,  liii.,  1871;  Gudden,  ibid.,  lxvi.,  187G ; 

Geawitz  and  Israel,  ibid.,  lxxvii.,  1879;  Beumer,  ibid.,  lxxii.,  1878;  Coats, 

Proceedings,  Med.  Soc.  of  London,  vii..,  1884. 
I 

IV.— HYDRONEPHROSIS. 

Hydronephrosis.— In  this  condition  there  is  a  dilatation  of  the 
pelvis  and  calices  of  the  kidney,  as  a  result  of  obstruction  of  the 
ureter  or  urethra. 

Obstruction  of  the  urethra  may  be  congenital  or  acquired.  In 
the  latter  case  there  is  first  dilatation  and  hypertrophy  of  the  bladder, 
which  may  afterwards  be  reflected  to  the  ureters  and  pelvis.  In 
all  such  cases  the  hydronephrosis  will  be  double,  although  it  is  not 
always  equal  on  the  two  sides. 

Obstruction  of  the  ureters  may  occur  in  any  part  of  their  course. 
Tumours  or  inflammatory  swellings  in  the  pelvic  organs  may  obstruct 
the  lower  ends,  and  usually  both  ureters  are  affected.  Calculi 
descending  from  the  pelvis  of  the  kidney  occasionally  cause  ob- 
struction. A  peculiar  form  of  obstruction  is  that  in  which  the 
ureter  does  not,  as  in  the  normal  condition,  form  a  continuation 
of  the  pelvis  of  the  kidney,  but  starts  from  it  at  an  acute  angle, 
passing  obliquely  through  its  wall.  This  is  probably  a  congenital 
malformation.  Of  similar  origin  is  probably  the  occurrence  of 
valves  in  the  course  of  the  ureter.  More  unusual  causes  are, 
pressure  from  without  by  a  renal  artery  taking  an  unusual  course 
so  as  to  cross  the  ureter ;  abrupt  bends  in  the  ureter,  which  may 
be  congenital,  or  may  be  from  the  ureter  making  an  unusually 
abrupt  turn  over  the  brim  of  the  pelvis  when  the  edge  has  been 
rendered  sharper  than  usual  by  emaciation. 

It  appears  from  the  last  instance  that  a  comparatively  small 
external  pressure  may  obstruct  the  ureter,  and  that  the  urine  in 
the  pelvis  and  ureter  is  at  such  a  low  pressure  as  to  be  incapable 
of  overcoming  a  comparatively  slight  resistance. 

The  existence  of  some  of  these  causes  has  been  doubted,  chiefly  the  existence 
of  a  valved  aperture  by  the  ureter  arising  from  the  pelvis  at  an  acute  angle,, 
and  the  occurrence  of  valves  in  the  course  of  the  canal.  The  author  has  two 
specimens  of  the  former  kind  in  the  Western  Infirmary  Museum  (see  Catalogue), 
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and  Dr.  Gainsbury  has  published  an  apparently  undoubted  case  of  the  latter 
form.  The  author  has  also  recorded  a  case  in  which  a  branch  of  the  renal 
artery  had  so  crossed  the  ureter  just  at  its  emergence  from  the  pelvis  as  to 
produce  an  obstruction. 

According  to  statistics  collected  by  Newman,  the  obstruction  arises,  in  the 
large  majority  of  cases,  either  from  obstruction  of  the  urethra  or  from  tumours 
of  the  pelvic  organs,  which  may  involve  the  ureters.  These  causes  produced 
hydronephrosis  in  400  out  of  448  cases  of  double,  and  in  133  out  of  215  cases 
of  single  hydronephrosis.  Eenal  calculi  form  the  most  frequent  cause  of  single 
hydronephrosis. 

The  result  of  the  obstruction  is  dilatation  of  the  pelvis  and  calices 
(see  Fig.  435  and  Fig.  452,  p.  971),  but  in  addition  there  is  fre- 


Fig.  435. — Hydronephrosis  with  granular  atrophy  of  the  kidney.    The  other  kidney 
showed  a  marked  compensatory  hypertrophy.  (Virchow.) 

quently  a  considerable  destruction  of  renal  tissue.  That  is  to  say, 
the  dilatation  of  the  calices  causes  atrophy,  first  of  the  papillae  which 
project  into  them,  and  then  of  the  pyramidal  portion  of  the  kidney, 
advancing  into  the  deeper  parts  of  the  organ.  We  thus  sometimes 
find  the  pyramids  as  if  cut  abruptly  across.  But  the  condition 
frequently  advances  still  further.  The  dilated  calices  increase  in 
volume  till,  in  the  most  extreme  case,  the  kidney  is  replaced  by  a 
Cyst  which  represents  dilated  pelvis  and  calices,  partitions  existing 
in  it  corresponding  to  the  divisions  between  the  calices.  When  this 
has  occurred,  the  cyst  may  go  on  enlarging  so  as  to  form  a  tumour 
of  great  bulk.  The  ureter  is  also  dilated,  often  so  greatly  as  to  look 
like  a  piece  of  small  intestine.  It  generally  becomes  convoluted  in 
its  course  as  well. 

It  is  not  in  every  case  quite  apparent  what  circumstances  determine 
the  degree  of  hydronephrosis.  Complete  obstruction  leads  usually 
to  a  comparatively  slight  hydronephrosis,  the  most  extreme  degree 
being  reached  in  cases  where  on  one  side  there  is  either  an  incomplete 
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obstruction  or  one  which  gives  way  at  intervals,  such  as  a  valved 
condition  of  the  upper  orifice  of  the  ureter. 

The  ureter  has  been  ligatured  in  animals  and  the  processes  observed.  The 
first  result  is  dilatation  of  the  pelvis  and  of  the  ureter  above  the  ligature.  The 
tension  of  the  urine  in  the  ureter  also  rises  up  to  a  certain  point,  which, 
however,  is  far  below  the  blood-pressure.  When  this  point  is  reached  the  full 
extent  of  the  distensile  force  derived  from  the  secretion  of  the  urine  is  attained. 
The  secretion  of  the  water  of  the  urine,  consisting  in  a  transudation  through 
the  vessels  of  the  glomeruli,  is  directly  proportionate  to  the  difference  in  pressure 
between  the  blood  in  the  tufts  and  the  fluid  in  the  tubules,  and  when  the 
pressure  in  the  tubules  is  raised  the  secretion  of  urine  ceases  as  soon  as  a  state 
of  equilibrium  is  brought  about. 

There  are,  however,  two  elements  in  the  problem  still  to  be  considered.  In 
cases  where  the  ureter  has  been  ligatured  in  animals  the  actual  dilatation  of 
the  pelvis  and  calices  has  been  comparatively  slight,  the  state  of  equilibrium 
of  tension  being  easily  reached.  And  so  in  the  human  subject,  when  the 
obstruction  is  complete  the  pressure  of  the  fluid  in  the  dilated  pelvis  soon 
causes  considerable  obstruction  of  the  renal  vessels,  and  the  power  of  secretion 
is  reduced.  But  if,  at  times,  an  outlet  is  found  for  the  urine  and  the  pressure  is 
suddenly  reduced,  there  will  be  a  relief  of  the  vessels  in  the  kidney  and  a 
violent  hyperemia  leading  to  an  excessive  secretion  of  urine.  As  a  matter  of 
fact  the  sudden  relief  of  an  obstruction  of  the  ureter  has  been  found  to  be 
followed  by  an  excessive  secretion  of  urine  which  contained  albumen.  Where 
then  there  are  such  repeated  sudden  collapses  and  dilatations  the  advance  of 
the  hydronephrosis  is  most  complete. 

The  fluid  contained  in  the  cavity  is  at  first  urine,  but  as  the  condi- 
tion gets  fully  established  the  urinary  constituents  become  absorbed 
and  a  watery  albuminous  fluid  is  found.  In  rare  cases  a  colloid  matter 
or  a  fatty  milky  fluid  has  been  observed. 

It  sometimes  happens  that  where  a  prolonged  obstruction  has  existed 
the  external  fatty  capsule  of  the  kidney  is  greatly  thickened,  while 
only  a  moderate  hydronephrosis  exists,  the  external  outline  of  the 
organ  not  being  greatly  increased.  It  is  not  unlikely  that  an  oedema 
of  the  capsule  following  the  obstruction  of  the  ureter  may  be  the  cause 
of  this  great  accumulation  of  fat  by  affording  an  extra  supply  of 
nourishing  fluid,  or  perhaps  by  acting  as  a  prolonged  irritant. 

We  sometimes  meet  with  cases  resembling  hydronephrosis,  but  in 
which  some  of  the  cysts,  representing  dilated  calices,  do  not  communi- 
cate with  the  pelvis,  but  form  Independent  cysts.  This  occurs  when 
from  inflammation  there  has  been  partial  or  complete  obliteration 
of  the  pelvis  (see  under  Pyonephrosis). 

Literature.— Eokitansky,  Lehrb.,  iii.,  Coats,  Catal.  of  Western  Inf.  Museum, 
p.  119,  1885 ;  Gainsbury,  Path,  trans.,  xxxvii.,  1886  ;  Newman,  Lect.  on  Surg, 
dis.  of  kidney,  1888,  and  Glasg.  Med.  Jour.,  vol.  xxxv.,  1891. 
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V.  BRIGHT'S  DISEASE.  NEPHRITIS. 

The  term  Bright's  disease  is  here  limited  to  Simple  inflammations 
of  the  Kidneys,  whether  acute  or  chronic,  which  are  bi-lateral,  and 
hence  due  to  conditions  of  the  blood.  The  inflammation  does  not 
occur  around  definite  centres,  and  seems,  therefore,  to  be  due  to 
substances  in  solution  acting  on  the  kidney  tissue.  The  term  is  thus 
synonymous  with  Nephritis,  but  excluding  those  forms  of  inflam- 
mation, such  as  septic,  which  are  due  to  the  local  action  of  microbes. 

1.  Causation. — The  irritant  dissolved  in  the  blood,  as  just  mentioned, 
acts  on  both  kidneys  and  on  all  parts  of  the  organs.  But,  as  the 
cortex  contains  the  more  active  secreting  tissue  of  the  organ,  and  as 
the  blood  is  primarily  distributed  to  it,  we  find  that  the  inflammatory 
manifestations  occur  chiefly  in  that  region.  Again,  in  the  various 
cases  of  Bright's  disease  we  do  not  find  the  different  constituents  of 
the  kidney  tissue  equally  engaged.  An  irritant  brought  to  the  kidneys 
by  the  blood  may  show  a  predilection  for  the  renal  epithelium  on 
the  one  hand,  or  the  connective  tissue  on  the  other.  It  may  be 
said,  indeed,  that,  for  the  most  part,  irritants  which  act  through  a 
long  period  and  with  little  intensity  produce  a  chronic  inflammation 
mainly  affecting  the  connective  tissue.  On  the  other  hand,  irritants 
which  act  intensely  so  as  to  produce  acute  inflammation,  while  they 
induce  the  usual  changes  in  the  blood  vessels  which  we  have  seen 
to  occur  in  acute  inflammations,  affect  mainly  the  glomeruli  and  the 
epithelium  of  the  uriniferous  tubules.  It  may  therefore  be  said  that 
acute  inflammations  are  mostly  Parenchymatous,  while  chronic  in- 
flammations are  mostly  Interstitial. 

As  to  the  Nature  of  the  irritant  there  are  some  forms  in  which 
the  specific  poison  of  an  infective  disease  is  the  agent.  Thus  Acute 
Bright's  disease  is  a  frequent  sequela  of  Scarlet  fever,  and  more 
rarely  of  measles  and  other  acute  fevers.  This  would  indicate  that 
in  other  cases  of  acute  nephritis  an  organic  poison  is  the  probable 
cause.  No  such  agent  can  be  definitely  distinguished  in  a  large 
proportion  of  cases.  The  disease  is  often  ascribed  to  Cold.  In  this 
connection  Dickinson  points  out  that  cold  mostly  produces  nephritis 
when  the  person  is  exhausted  or  asleep,  or  when  the  exposure  has 
occurred  immediately  after  profuse  perspiration.  It  is  as  if,  the 
functions  of  the  skin  being  suspended,  some  deleterious  material  had 
accumulated  in  the  blood  and  irritated  the  kidneys.  It  appears  that 
nephritis  hardly  occurs  in  persons  exposed  to  cold  in  the  Arctic 
regions,  probably  because,  the  respiration  being  more  vigorous,  the 
deleterious  material  is  carried  off  by  the  lungs.    In  warm  climates. 
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also  nephritis  is  uncommon,  probably  because  the  body  is  less  liable 
to  sudden  exposure  to  cold  than  in  temperate  regions. 

As  to  the  nature  of  the  irritant  in  Chronic  Bright's  disease  we 
have  in  Gout  an  irritant  which  is  known  to  produce  inflammation 
in  other  parts  besides  the  kidneys.  The  pathology  of  gout  is 
not  very  apparent,  but  there  is  an  obvious  alteration  in  the  blood 
jn  consequence  of  which  salts  of  uric  acid  are  deposited  in  certain 
joints,  generally  with  signs  of  acute  inflammation.  The  same  con- 
dition of  the  blood  frequently  induces  chronic  nephritis,  and  it  is 
remarkable  that  when  it  attacks  the  kidneys  it  is  less  likely  to  affect 
the  joints,  and  vice  versa.  Among  the  working  classes  gout  largely 
arises  from  chronic  Lead-poisoning  (see  statistics  in  Dickinson's  work 
on  Albuminuria),  and  in  these  cases  the  disease  is  particularly  liable 
to  attack  the  kidney,  so  much  so  that  a  large  proportion  of  painters 
and  others  who  work  with  lead  die  of  chronic  nephritis.  Where  the 
gout  is  due  to  the  constant  use  of  alcohol  the  disease  is  more  liable 
to  attack  the  joints.  Chronic  nephritis  is  also  sometimes  induced  by 
the  poison  of  Syphilis.  In  this  case  it  is  apt  to  be  associated  with 
amyloid  disease,  but  may  also  occur  as  a  simple  inflammation. 

Pregnancy  not  infrequently  leads  to  a  chronic  nephritis,  in  all 
probability  by  obstructing  the  vessels  of  the  kidney  by  the  pressure 
of  the  uterus.  In  recent  cases  there  is  extreme  hyperemia  of  the 
kidney,  which,  with  repetition  of  the  cause,  may  go  on  to  assume 
the  regular  characters  of  chronic  nephritis. 

Lastly,  there  are  cases  in  which  there  is  no  special  cause  apparent, 
and  we  can  only  say  that  the  person  has  been  exposed  to  some 
influence  whose  nature  we  do  not  know.  In  many  cases  the  disease 
has  been  very  prolonged,  and,  all  through,  the  actual  active  disease 
at  any  particular  time  has  been  very  slight.  With  this  very  insidious 
march,  there  may  be  the  most  serious  permanent  changes  in  the 
kidneys  before  any  prominent  symptoms  have  called  attention  to 
these  organs. 

2.  Forms  of  Bright's  disease. — Various  subdivisions  of  Bright's 
disease  have  been  made  both  from  the  clinical  and  the  pathological 
points  of  view.  The  most  generally  accepted  division  is  into  parenchy- 
matous and  interstitial  nephritis,  to  which  some  add  the  amyloid 
kidney. 

Inflammations  of  the  kidney  have  similar  characters  to  those  of 
other  parts.  In  Acute  inflammations  the  vessels  are  chiefly  engaged 
at  the  outset;  there  is  hyperemia  with  exudation  of  serous  fluid, 
leucocytes,  and  red  corpuscles.  These  find  their  way  into  the  tubules 
and  interstitial  tissue,  and  appear  in  the  urine  as  albumen,  leucocytes, 
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and  red  corpuscles.  Death  seldom  occurs  at  the  outset  of  the  attack, 
and  the  appearances  found  post  mortem  are  referable  rather  to 
secondary  changes,  chiefly  in  the  secreting  structures.  Hence  acute 
nephritis  is  included  mainly  under  parenchymatous  nephritis. 

Chronic  inflammation  in  the  kidneys,  as  elsewhere,  is  chiefly  charac- 
terized by  new-formation  of  connective  tissue,  and  hence  is  included, 
for  the  most  part,  under  interstitial  inflammation. 

It  is  to  be  understood,  however,  that  as  parenchymatous  and 
interstitial  changes  are  by  no  means  mutually  exclusive,  and  indeed 
frequently  co-exist,  so  also  the  phenomena  of  acute  and  chronic 
inflammation  are  not  limited  to  the  one  or  the  other  form. 


(a)  Parenchymatous  nephritis  (Tubular  nephritis). — Parenchymatous 
nephritis  is,  at  the  outset,  usually  acute,  and  it  nearly  corresponds 
with  the  clinical  group,  acute  nephritis,  in  which  the  urine  is  scanty, 
highly  albuminous  and  frequently  bloody,  and  in  which  general 
oedema  is  a  characteristic  feature.  But  acute  nephritis  frequently 
subsides  into  a  sub-acute  or  chronic  stage,  and  in  these,  while  the 
parenchymatous  changes  are  still  prominent,  there  are  superadded 
some  of  the  lesions  of  interstitial  nephritis. 

In  parenchymatous  nephritis  the  secreting  structures  are  specially 
engaged,  namely,  the  glomeruli  and  tubules,  but  the  degree  in  which 
these  are  respectively  affected  varies  somewhat. 

In  ordinary  cases  the  Uriniferous  tubules  show  very  marked 
changes.  These  consist  in  the  first  place  in  cloudy  swelling  of  the 
epithelium  with  a  tendency  for  the  cells  to  become  loosened  and 

shed.  The  enlargement  of  the 
epithelium,  occurring  mainly  in 
the  cortical  tubules,  causes  the 
latter,  under  the  microscope,  to 
present  a  strikingly  prominent 
varicose  appearance.  There  are 
also  parts  in  which  the  desqua- 
mated epithelium  distends  or 
chokes  the  tubules.  Fatty  degene- 
ration soon  affects  the  epithelium, 
and  it  is  often  present  in  a  very 
high  degree.  It  does  not  affect 
the  epithelium  uniformly,  but  at 
intervals  there  is  a  coil  of  tubules 
with  the  epithelium  highly  fatty  (see  Fig.  436).  The  fatty  epithelium 
may  be  dislodged  and  packed  into  further  parts  of  the  tube,  as  into 


Fig.  436.— Uriniferous  tubules  with  fatty  epi 
thelium,  some  of  it  shed  into  the  calibre,    x  300. 
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Fig.  437 
blood-corpuscles, 
against  the  wall. 


coil  of  tubules  distended  with 
The  epithelium  is  flattened 
X300. 


the  loops  of  Henle,  so  that  one  often  sees  a  straight  tubule  occupied 
by  fatty  epithelium. 

Blood  is  not  uncommonly  present  in  the  tubules.  As  the  blood 
escapes  from  the  vessels  of  the  glomeruli  it  is  found  in  the  convoluted 
tubules.  The  blood  in  these  tubules  is  often  detectable  by  the  naked 
eye  after  removal  of  the  capsule 
by  the  presence  of  small  red  or 
brown  spots  on  the  surface  of  the 
kidney.  By  the  aid  of  a  lens 
these  can  sometimes  be  made  out 
as  convolutions  filled  with  red 
matter.  Under  the  microscope 
fresh  blood-corpuscles  may  be 
found  distending  the  tubule  and 
flattening  its  epithelium  as  in 
Fig.  437,  or  the  blood  may  be 
altered  so  as  to  form  a  brown 
debris.  The  altered  blood,  although  chiefly  in  the  convoluted  tubules, 
may  extend  into  the  straight  ones. 

Tube-casts  are  present  in  the  form  usually  of  translucent  hyaline 
cylinders  in  the  calibre  of  the  tube.  They  are  contained  both  in  the 
convoluted  and  straight 
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tubules,  and  they  may 
be  abundant  in  the  pyra- 
mids. 

As  the  case  becomes 
more  chronic  the  tubules 
are  liable  to  considerable 
distortion,  chiefly  from 
the  occurrence  of  inter- 
stitial changes.  There 
may  be  irregular  dilata- 
tions and  contractions  of 
the  tubules,  but  the  fatty 
condition  of  the  epithe- 
lium remains  prominent. 

The  Glomeruli  show 
various  changes.  In 
some  cases  of  scarlet 
fever  there  is  in  the  glomerulus  and  around  it  a  great  exudation  of 
leucocytes,  which  may  fill  the  capsule  and  crush  the  tuft  so  as  to 
conceal  it  (Fig,  441).    The  leucocytes  also  over-run  the  neighbouring 


Fig.  438. — Glomerulo-nephritis  in  scarlet  fever.  The  epi- 
thelium lining  the  capsule  is  unduly  large  and  abundant. 
X  350. 
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interstitial  tissue  to  a  considerable  extent,  and  the  conditions  may 
approach  to  those  in  septic  nephritis.  There  may  indeed  be  a  septic 
element  in  many  cases  of  scarlatinal  nephritis  (see  below). 

The  Glomeruli  commonly  present,  in  various  degrees,  changes  in  their 
epithelium  similar  to  those  in  the  tubules.  There  may  be  merely 
an  enlargement  of  the  epithelium,  so  that,  instead  of  a  thin  layer 
which  is  usually  invisible,  it  may  form  a  distinct  row  of  cells  inside 
the  capsule  (Fig.  438).  In  many  cases  the  epithelium  multiplies  and 
accumulates  inside  the  capsule  (Fig.  439),  and  the  cells  sometimes 
take  on  a  stratified  arrangement  which  has  suggested  to  some  authors 
that  connective  tissue  is  formed  inside  the  glomerulus.  The  epithelium 


Fig.  439. — Glomerulo-nephritis  in  scarlet  fever.    The  epithelium  lining  the  capsule 
is  greatly  increased  so  as  to  crush  the  tuft,    x  350. 

covering  the  tuft  of  vessels  is  affected  as  well  as  that  lining  the 
capsule. 

In  addition  to  this  there  is  very  commonly  in  acute  nephritis 
Haemorrhage  from  the  glomeruli.  The  blood  which  is  usually 
present  in  the  convoluted  tubules  comes  from  the  glomeruli,  and  it 
is  often  possible,  as  in  Fig.  440,  to  find  glomeruli  with  blood  inside 
the  capsule  as  well  as  in  neighbouring  tubules. 

Scarlatinal  nephritis,  whilst  in  most  cases  presenting  the  usual  characters  of 
parenchymatous  nephritis,  is  sometimes  characterized  by  such  special  changes 
in  the  glomeruli  that  the  term  Glomerulo-nephritis  has  been  employed  by  Klebs. 
to  designate  this  and  other  forms  in  which  the  glomeruli  are  specially  affected. 
In  some  cases  of  scarlatinal  dropsy  the  kidneys  are,  to  the  naked  eye,  scarcely 
at  all  altered,  although  the  patient  may  have  died  with  symptoms  of  uraemia. 
The  glomeruli  may  be  visible  on  section  as  red  spots,  and  there  may  be  evidences 
of  haemorrhage,  but  otherwise  nothing  abnormal.    On  microscopic  examination, 
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however,  there  are  the  marked  changes  in  the  glomeruli  described  above.  These 
lesions  must  seriously  interfere  with  the  function  of  the  tuft.  Any  accumulation 
within  the  capsule  will  compress  the  vessels  and  prevent  the  transudation  of 


Fig.  440.— Hemorrhage  from  a  Malpighian  tuft  in  a  case  of  scarlet  fever,  a,  tuft ; 
h,  blood  between  tuft  and  capsule  ;  c,  blood  in  uriniferous  tubule  extending  from 
tuft,    x  350. 

the  water  and  other  constituents.  There  may  thus  be  a  suppression  of  urine 
from  glomerulo- nephritis. 

Besides  these,  which  are 
the  results  of  the  specific 
poison  of  scarlet  fever, 
there  is  a  form  of  ne- 
phritis which  is  apparently 
to  be  referred  to  the  ab- 
sorption of  septic  matter 
from  the  lesion  in  the 
throat.  It  is  not  that  the 
microbes  themselves  are 
carried  to  the  kidney,  but 
that  probably  their  toxine 
in  the  process  of  excretion 
leads  to  what  may  be 
called  a  Septic  nephritis. 
The  kidney  is  greatly  en- 
larged and  pale.  In  a  case 
observed  by  the  author,  in 
which  the  patient  died  in 
the  ninth  day  from  the 
onset  of  the  fever,  the  microscopic  appearances  were  such  as  are  shown  in  Fig.  441. 
There  was  a  general  infiltration  of  leucocytes,  which  occupied  the  glomeruli  and 
extended  to  the  cortex  generally.    (See  further  in  papers  by  Crooke.) 


Fig.  441.—  Glomerulo-nephritis  from  a  case  of  scarlet  fever. 
The  Malpighian  tuft  in  the  middle  of  the  figure  is  crowded  with 
round  cells,  which  are  also  present  ver}'  abundantly  in  the  inter- 
stitial substance  between  the  tubules,  whose  epithelium  is 
granular,    x  300. 
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The  interstitial  tissue  in  subacute  and  chronic  cases  of  parenchy- 
matous nephritis  shows  marked  changes.  Even  in  the  acute  stage 
there  may  be  considerable  infiltration  with  leucocytes.  As  the  inflam- 
mation is  prolonged,  however,  there  is  new-formation  of  connective 
tissue  and  that  special  thickening  of  the  capsule  of  the  glomerulus, 
which  is  a  prominent  feature  in  interstitial  nephritis.  As  this  process 
goes  on  it  produces  distortion  of  the  secreting  tissue  and  irregularity 
of  the  surface  of  the  kidney. 

The  naked-eye  appearances  in  parenchymatous  nephritis. — If  the 
inflammation  be  mainly  glomerular  the  general  appearance  of  the 
kidney  may  be  little  altered  (see  above). 

As  a  general  rule  in  acute  nephritis  the  organ  is  found  enlarged, 
and  it  may  be  more  than  twice  its  normal  size.  The  capsule  is 
easily  removed  and  the  surface  of  the  organ  has  a  generally  reddish 
colour  from  injection  of  the  vessels.  Small  red  or  brown  areas  are 
generally  visible  on  close  inspection  of  the  surface,  these  being  from 
haemorrhages  into  the  tubules.  There  are  also  usually  opaque  yellow 
patches,  from  fatty  degeneration  of  the  epithelium.  On  section  the 
cortex  is  seen  to  be  swollen  and  thicker  than  normal,  and  the  hemor- 
rhages and  fatty  tubules  will  be  visible  as  minute  red  and  yellow 
markings.  The  latter  especially  produce  a  marked  mottling  of  the 
cut  surface  in  the  cortex,  and  there  are  often  elongated  yellow  streaks 
from  fat  in  the  straight  tubules.  The  cortex,  however,  is  usually  pale 
as  a  whole  as  compared  with  the  pyramids. 

The  Large  white  kidney  is  a  further  stage  of  parenchymatous 
nephritis.  It  represents  a  certain  prolongation  of  the  condition  with 
partial  subsidence  of  the  inflammation  into  a  subacute  stage.  The 
patient  has  been  subject  for  months  or  years  to  intermitting  attacks 
of  dropsy  with  scanty  albuminous  urine.  The  kidney  is  large,  and 
on  the  surface  has  a  generally  pale  appearance,  with  little  or  no 
irregularity.  The  capsule  is  non-adherent.  On  section  the  cortex 
is  seen  to  be  bulky  and  pale.  On  close  examination  of  the  surface 
and  of  the  cortex  it  is  seen  that,  besides  the  general  paleness,  there 
is  an  opaque  mottling,  representing  a  fatty  condition  of  the  epithe- 
lium. In  the  large  white  kidney  the  glomeruli  and  tubules  show 
the  changes  described  above,  the  glomeruli  especially  often  showing 
great  accumulation  of  epithelium  inside  the  capsule.  In  addition 
there  is  considerable  interstitial  new-formation  of  connective  tissue, 
and,  commonly,  some  sclerosis  of  the  glomeruli. 

It  is  proper  to  mention  that  the  naked-eye  appearances  of  the  large  white 
kidney  may  be  imitated  by  amyloid  disease,  where  there  is  also  usually  some 
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fatty  mottling,  and  by  septic  nephritis,  where  there  is  a  general  infiltration  of 
leucocytes. 

The  contracted  fatty  kidney  represents  the  latest  stages  of  paren- 
chymatous nephritis.  The  organ  may  be  greatly  reduced  in  size,  so 
as  to  weigh  only  2  or  2J  ounces.  It  is  somewhat  irregular  on  the 
surface,  but  the  appearance  is  rather  of  smooth  rounded  elevations 
than  of  granulations.  The  kidney  is  soft  and  flabby  in  consistence, 
and  the  capsule  is  usually  non-adherent.  It  is  generally  pale  and 
presents  in  addition  a  well-marked  fatty  mottling  in  the  cortex  and 
on  the  surface.  The  shrinking  here  is  chiefly  in  the  cortex,  which 
may  be  very  thin.  The  tubules  are  partly  atrophied  but  partly 
dilated,  and  in  the  latter  case  their  epithelium  is  usually  fatty. 
The  shrinking  of  the  tissue  brings  the  glomeruli  close  together  and 
they  often  show  marked  sclerosis. 

(b)  Interstitial  nephritis  (Granular  contracted  kidney,  Cirrhosis  of  the 
kidney). — This  form  of  nephritis  is  for  the  most  part  chronic  throughout, 
although  sometimes  an  acute  nephritis  may  pass  into  it,  and  it  may 
even  ensue  on  a  scarlatinal  nephritis.  It  is  chiefly  characterized  by 
changes  in  the  interstitial  connective  tissue,  but  there  are  also  lesions 
in  the  glomeruli,  blood-vessels,  and  tubules.  Weigert  suggests  that 
the  primary  changes  here  may  be  in  the  secreting  structures,  the 
affection  of  the  interstitial  tissue  being  secondary. 

The  interstitial  tissue  shows,  throughout  the  cortex,  a  general 
increase,  and  it  is  unduly  cellular;  but  there  are  also  special  areas 
in  which  the  cells  are  in  great  excess.  These  areas  are  uniformly 
distributed  throughout  the  kidneys,  are  usually  wedge-shaped  with 
the  base  at  the  periphery,  and  correspond  with  the  regions  of  con- 
voluted tubules.  Whilst  there  are  thus  multiple  areas  in  which 
the  inflammation,  apparently  from  local  circumstances  of  structure,  is 
more  concentrated,  the  general  connective  tissue  is  increased  and 
shows  a  coarse  fibrous  character,  markedly  different  from  the  normal. 
The  new-formed  tissue  in  the  cortex  is  continuous  with  the  capsule 
of  the  kidney  and  renders  it  adherent,  so  that  sometimes  it  is  impos- 
sible to  remove  the  capsule  without  tearing  the  kidney  tissue.  The 
connective  tissue  possesses  the  contracting  character  usual  in  such 
tissue,  and  this  has  an  important  effect  especially  on  the  tubules 
and  capillaries. 

The  uriniferous  tubules  in  the  areas  in  which  contraction  has 
occurred  are  dwarfed  (Fig.  442).  In  less  affected  parts,  on  the  other 
hand,  they  are  frequently  dilated,  there  being  here  a  kind  of  comple- 
mentary dilatation.     There  is  thus  frequently  visible  a  group  of 
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Fig.  4-12.— Interstitial  nephritis.  Sclerosis  of  glomer- 
ulus, a,  thickened  capsule  ;  b,  condensed  vessels  of  tuft ; 
d,  abundant  round  cells  in  interstitial  tissue  ;  c,  dwarfed 
tubules  remaining,    x  350. 


dilated  and  convoluted  tubules  (Fig.  443  b).    The  loops  of  Henle  are 

also  dilated,  and  by  the 
shrinking  of  the  cortex 
may  be  doubled  up  and 
rendered  tortuous  (Fig. 
443  c).  The  epithelium  in 
the  dilated  tubules  is  fre- 
quently fatty.  Tube  casts 
are  also  present  in  the  tub- 
ules, and  they  may  be  very 
abundant.  They  are  usu- 
ally hyaline  in  appearance, 
and  are  occasionally  present 
in  the  tubules  both  of  cor- 
tex and  pyramids. 

Cysts  are  of  very  fre- 
quent occurrence  in  the 
contracted  kidney.  They 
arise  mainly  from  the  tub- 
ules by  still  further  dilation, 
and  they  very  commonly  lie 
together,  sometimes  in  rows, 
as  if  from  the  crushing  to- 
gether and  obstruction  of  a 
single  tubule.  Cysts  also 
arise  sometimes  from  the 
glomeruli,  by  the  accumula- 
tion of  fluid  inside  the  cap- 
sule. All  these  cysts  arise 
by  obstruction  of  the  tub- 
ules, and  the  usual  contents 
are  a  watery  fluid,  but 
sometimes  colloid  matter  is 
contained  in  them,  appar- 
ently arising  by  secretion 
from  or  transformation  of 
the  epithelium.  In  nearly  all 
cases  there  are  cysts  visible 
to  the  naked  eye,  and  they 
are  frequently  so  visible  in 
large  numbers.  But  many  of 
them  are  microscopic  in  size. 


mix  ~ 


Fig.  443. — Section  of  contracted  kidney  with  a  very 
low  magnifying  power.  (This  should  be  compared  with 
Fig.  431,  p.  929,  similarly  magnified.)  a,  medullary 
rays ;  6,  convoluted  tubules  crushed  together  and  dilated ; 
c,  region  of  arteme  rectal  and  loops  of  Henle,  the  latter 
dilated  and  forming  cysts ;  d,  large  artery  between 
pyramid  and  cortex,  showing  endarteritis  obliterans  ; 
the  space  between  this  and  surface  represents  the  cortex, 
and  may  be  compared  with  similar  space  in  Fig.  431 ; 
€,  glomeruli,  closely  set  and  contracted,  they  also  pre- 
sent a  white  homogeneous  appearance  ;  /,  capsule,    x  12. 
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By  these  processes  great  dislocation  of  the  kidney  tissue  results,  so 
that  instead  of  the  perfectly  regular  arrangement  of  the  normal  kidney 
such  as  is  shown  in  Fig.  431,  p.  929,  there  is  at  once  great  shrinking 
and  great  distortion,  as  shown  in  Fig.  443  (drawn  by  the  same  appa- 
ratus and  similarly  magnified). 

The  capillaries  are  greatly  pressed  on  by  the  shrinking  connective 
tissue  and  greatly  obliterated.  There  is,  in  many  cases  in  this  way, 
a  very  great  reduction  in  the  capillaries  of  the  kidney. 

The  glomeruli  are  also  strikingly  altered.  The  first  change  is  a 
thickening  of  the  capsule  (Fig.  442  «),  which  shows  concentric  fibrous 
layers.  The  tuft  of  vessels  is  subsequently  occluded  and  converted 
into  a  dense  homogeneous  nodule.  In  this  way  the  glomerulus  is 
greatly  contracted,  being  often  reduced  to  less  than  half  its  normal 
size,  and  is  represented  by  a  solid  white  glancing  nodule  in  which 
can  still  be  recognized,  as  a  rule,  the  thickened  capsule  presenting 
its  concentric  fibrous  appearance  (a  in  figure),  and  the  central  more 
homogeneous  remains  of  the  vessels  (b  in  figure).  This  condition  is 
commonly  called  Sclerosis  of  the  glomeruli,  and  the  resulting  ap- 
pearance is  very  striking,  especially  as,  with  the  atrophy  of  the 
tubules  and  contraction  of  the  fibrous  tissue,  the  altered  glomeruli  are 
commonly  brought  close  together. 

The  Blood-vessels  take  part  in  the  inflammation,  especially  the 
Arteries.  Their  external  coat,  being  continuous  with  the  interstitial 
tissue,  is  thickened  along  with  it.  In  addition  to  that,  however, 
the  internal  coat  is  usually  very  markedly  thickened.  This  thick- 
ening of  the  internal  coat,  which  has  the  characters  of  Endarteritis 
obliterans  (see  Fig.  256,  p.  478),  affects  chiefly  the  ascending  and 
afferent  arteries  of  the  cortex,  but  may  also  be  present  in  the  larger 
arteries  between  cortex  and  pyramids.  It  is  sometimes  so  great  as 
almost  to  amount  to  obliteration  of  the  arteries. 

It  may  be  a  question  to  what  extent  some  of  the  other  lesions  are  due  to  this 
narrowing  of  the  arteries.  We  shall  see  further  on  that  a  primary  obstruction 
of  the  arteries  may  lead  to  atrophy  of  the  tissue  and  sclerosis  of  the  glomeruli, 
and,  according  to  Leyden,  the  lesions  in  the  kidneys  produced  by  lead-poisoning 
are  due  to  a  primary  narrowing  of  the  arteries.  It  may  be  said,  however,  in 
general,  that  when  atrophy  is  due  to  a  primary  endarteritis  the  affection  is 
localized  according  to  the  accidental  distribution  of  the  arterial  affection,  whereas 
in  interstitial  nephritis  the  affection  altogether  is  diffused  and  homogeneous, 
which  is  the  regular  fact  in  ordinary  chronic  Blight's  disease. 

Naked-eye  appearances. — The  granular  contracted  kidney  is  usually 
small,  dense,  and  tough,  and  the  two  kidneys  not  infrequently  show 
a  considerable  difference  in  size.    There  may  be  in  the  early  stages 
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some  enlargement,  and  a  condition  designated  large  red  kidney  has 
been  described.  The  reduction  in  size  varies  greatly ;  in  the  most 
extreme  degree  the  kidney  weighs  about  two  ounces.  The  kidney 
feels  dense,  and  on  section  it  is  found  to  be  tough.  The  capsule  is 
firmly  adherent  so  that  on  removing  it  little  bits  of  tissue  come 
off  with  it.  The  surface  has  a  general  red  colour,  and  is  almost 
homogeneously  granular.  The  prominent  parts  represent  the  less 
shrunken  portions,  and  there  may  be  some  opaque  markings  from 
fat  in  them. 

On  the  cut  surface  the  regular  normal  appearance  is  greatly  altered. 
The  cortex  is  greatly  thinned,  sometimes  forming  only  a  thin  rind, 
scarcely  more  than  a  twelfth  of  an  inch  in  thickness  between  the  bases 
of  the  pyramids  and  the  surface.  The  cortex  has  lost  all  its  normal 
markings,  and  it  is  indefinitely  demarcated  from  the  bases  of  the 
pyramids.  These  changes  may  be  partly  appreciated  by  comparing 
Figs.  431  and  443,  where  cl  represents  in  both  figures  the  vessels  at 
the  bases  of  the  pyramids,  and  the  cortex  is  the  part  between  them 
and  the  surface.    Cysts  are  also  visible  on  examining  the  surface. 

3.  Character  and  origin  of  tube  casts. — It  has  been  pointed  out  that 
tube  casts  are  usually  present  in  Bright's  disease,  whatever  the  form  or 
stage,  and  they  are  known  to  afford  important  indications  in  the  urine 
passed  by  patients  affected  by  this  disease.  But  they  exist  in  other 
conditions  besides  Bright's  disease.  They  are  not  infrequently  present 
in  passive  hypersemia  of  the  kidney,  and  are  seen  also  in  simple 
atrophic  conditions. 

They  form  cylindrical  casts  of  the  tubules,  composed  of  a  clear  trans- 
lucent hyaline  material,  which,  however,  may  contain  in  its  substance, 
epithelium,  fat,  blood,  and  other  matters  which  are  present  in  the 
tubules,  so  that  we  may  have  hyaline,  epithelial,  granular,  fatty,  or 
blood  casts,  all  of  which  may  be  found  in  the  urine. 

The  tube  casts  are  for  the  most  part  due  to  exudation  from  the 
glomeruli.  They  usually  coincide  with  the  occurrence  of  albumen  in 
the  urine,  and  they  probably  arise  chiefly  by  coagulation  of  the  serum- 
albumen  which  has  transuded  into  the  tubules.  They  are  sometimes 
called  fibrine  cylinders,  and  their  discoverer,  Henle,  regarded  them  as 
composed  of  fibrine.  But  they  do  not  conform  to  the  characters  of 
fibrine,  and  as  they  occur  in  cases  in  which  there  is  little  or  no  inflam- 
mation they  can  hardly  represent  a  fibrinous  exudation. 

Besides  this  origin  they  may  be  derived  from  the  epithelium  of  the 
tubules,  either  by  a  kind  of  secretion  from  the  epithelium  or  by  a 
colloid  transformation. 
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The  tube  casts  which  pass  into  the  urine  come  chiefly  from  the 
straight  tubules,  including  the  loops  of  Henle.  Those  from  the  con- 
voluted tubules,  being  thicker  and  having  to  pass  the  narrow  loop,  are 
less  likely  to  be  carried  outwards,  although  being  soft  and  plastic  they 
may  accommodate  themselves  and  so  pass  outwards. 

4.  Functional  changes  and  other  phenomena  in  Bright's  disease.— 
In  this  place  will  be  considered  the  alterations  in  the  functions  of  the 
kidney  effected  by  the  different  forms  of  Bright's  disease,  and  certain 
other  more  general  consequences  which  are  liable  to  follow. 

The  functional  changes  in  the  kidneys  are  directly  expressed  by 
the  condition  of  the  urine,  and  these  two  are  properly  considered 
together.  In  Acute  parenchymatous  nephritis  the  circulation  in 
the  complex  vascular  system  is  impeded  by  the  direct  effects  of 
the  acute  inflammation,  and  also  by  the  pressure  of  the  increased 
epithelium  in  the  tubules  and  glomeruli.  There  is  thus  a  great 
diminution  in  the  amount  of  urine.  The  urine  also  is  highly 
albuminous,  this  being  an  expression  of  the  fact  that  the  special 
selective  function  of  the  glomeruli  is  paralyzed.  The  urine  usually 
contains  blood.  The  urea  excreted  is  greatly  diminished  propor- 
tionately to  the  scantiness  of  the  urine,  and  the  chief  danger  is 
the  possible  occurrence  of  Uraemia. 

In  Interstitial  nephritis  the  alteration  in  function  is  very  different. 
Here  there  is  great  vascular  obstruction  and  great  loss  of  the  secreting 
epithelium  by  atrophy,  and  the  result  is  the  secretion  of  an  excessive 
amount  of  watery  urine  which  is  very  deficient  in  urea.  It  is  easy 
to  understand  the  diminution  of  the  urea,  as  in  the  shrinking  kidne}^ 
there  is  great  atrophy  of  the  epithelium,  but  the  excess  of  watery 
urine  is  more  difficult  to  comprehend  in  view  of  the  fact  that  there 
is  great  vascular  obstruction  in  which  the  glomeruli,  which  are  the 
special  seats  of  the  separation  of  the  water,  are  greatly  involved. 
The  dilute  condition  of  the  urine  is  probably  to  be  ascribed  to  the 
loss  of  the  tubular  epithelium  and  the  occlusion  of  the  capillaries  around 
the  tubules.  It  has  been  pointed  out  that  the  secretion  as  it  leaves 
the  glomeruli  is  dilute  and  that  it  is  concentrated  in  its  passage 
through  the  convoluted  tubules.  This  concentration  is  hindered  by 
atrophy  of  the  epithelium  and  capillaries,  so  that  the  urine  as 
secreted  may  be  regarded  as  virtually  the  secretion  as  it  leaves 
the  glomeruli. 

Intimately  related  to  the  condition  of  the  urine  are  the  increased 
arterial  tension,  and  organic  changes  in  the  heart  and  arteries,  which 
are  so  characteristic  of  chronic  Bright's  disease. 

Increased  arterial  tension  or  increase  in  the  entire  arterial  blood- 
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pressure  is  an  early  phenomenon  in  interstitial  nephritis,  some  have 
even  believed  it  to  precede  the  kidney  disease.  In  order  to  a  general 
increase  in  the  arterial  blood-pressure  there  is  necessary  either  an 
increase  in  the  peripheral  resistance,  such  as  may  be  produced  by 
a  general  contraction  of  the  arterioles,  or  an  increase  in  force  of  the 
left  ventricle.    In  interstitial  nephritis  we  have  both  of  these. 

Hypertrophy  of  the  left  ventricle  is  one  of  the  regular  phenomena 
of  chronic  Bright's  disease,  so  that  the  existence  of  the  latter  may 
often  be  suggested  by  that  of  the  former.  The  heart  has  the  elongated 
form  described  and  figured  at  p.  438,  Fig.  225. 

Thickening  of  the  walls  of  the  arteries  generally  is  the  other 
phenomenon.  This  has  been  variously  described  as  a  thickening  of 
the  external  coat  mainly,  an  Arterio-capillary  fibrosis,  or  a  thickening 
of  the  middle  coat,  but  it  really  consists  for  the  most  part  of  a 
general  thickening,  as  shown  in  Fig.  444,  involving  both  coats.  It 


(in/Gbpecrin*)  /SO  diains. 

Fig.  444. — Arteries  of  the  pia  mater  in  case  of  granular  kidney  and  in  health. 
In  the  former  the  middle  coat  and,  to  some  extent,  the  external  are  thickened. 
(Dickinson.) 


is  detectable  most  readily  in  the  arteries  of  the  pia  mater,  which  are 
easily  examined  by  spreading  out  a  small  part  of  this  fine  membrane.  * 
Besides  these  thickenings,  we  have  frequently  atheroma  in  Bright's 
disease  in  people  advanced  in  life. 

These  thickenings  of  the  arteries,  whilst  contributing  to  the  increase 
in  blood-pressure,  are  also  in  part  its  results.  The  blood  entering 
the  arteries  with  increased  force  requires  greater  resistance  in  the  j 
walls  of  the  arteries  in  order  to  prevent  dilatation,  and  may  require 
also  an  energetic  contraction  to  prevent  an  excess  of  blood  from 
passing  through  the  arteries.  The  arteries  subjected  to  increased 
blood-pressure  are  probably  more  liable  to  secondary  changes  such  as 
atheroma. 

The  increase  in  blood-pressure  involving  such  considerable  structural 
changes  seems  such  a  large  result  from  a  local  disease  of  the  kidneys 
that  several  authors  (especially  Gull  and  Sutton)  have  come  to  the 
conclusion  that  chronic  Bright's  disease  is  a  general  affection  of  the 


FUNCTIONAL  CHANGES  IN  BRIGHT'S  DISEASE. 


957 


fine  arteries  throughout  the  body,  and  that  the  kidney  lesion  is 
merely  a  part  of  this  more  general  condition.  This  view  is  expressed 
in  the  term  Arterio-eapillary  fibrosis  introduced  by  Gull  and  Sutton. 
As  a  main  element  in  determining  whether  the  conditions  under 
consideration  are  consequences  of  the  kidney  disease,  the  question 
may  be  asked  whether  increase  of  blood-pressure  with  hypertrophy 
of  the  left  ventricle  occurs  in  cases  of  disease  of  the  kidney  un- 
doubtedly local  in  its  character.  The  answer  to  this  question  is 
that  diseases  of  the  kidney  which  induce  obstruction  to  the  vessels 
similar  to  that  in  chronic  interstitial  nephritis  do  lead  to  the  con- 
ditions under  consideration.  Thus,  hydronephrosis  with  atrophy  of 
the  kidney  tissue  has  repeatedly  been  observed  to  lead  to  it.  Dickin- 
son records  a  case  in  which  a  stone  in  the  pelvis  of  the  kidney 
produced  contraction  of  the  kidney  and  led  to  hypertrophy  of  the 
left  ventricle.  It  may  result  from  partial  atrophy  of  the  kidney  from 
arterio-sclerosis,  as  in  two  cases  observed  by  the  author.  Again,  it 
has  been  produced  in  animals  by  inducing  in  them  an  indurative 
nephritis,  which  was  done  by  ligaturing  the  renal  artery  for  an  hour 
and  a  half  to  two  hours  and  then  freeing  the  vessel. 

It  is  obvious  from  these  observations  that  the  hypertrophy  of  the 
heart  is  related  in  its  causation  to  the  lesions  in  the  kidney,  and  it 
may  be  said  generally  that,  whenever  there  is  considerable  vascular 
obstruction  in  the  kidneys,  hypertrophy  of  the  heart  is  liable  to  occur, 
unless  the  health  of  the  patient  be  too  low  to  allow  of  such  a  forma- 
tive process.  It  is  not  usually  marked  in  amyloid  disease  of  the 
kidney,  as  the  amyloid  condition  frequently  depends  on  lesions  which 
seriously  injure  the  health,  and  it  is  not  nearly  so  common  in  paren- 
chymatous as  in  interstitial  nephritis,  for  the  double  reason  that  the 
vascular  disturbance  is  much  less,  and  the  interference  with  the 
general  health  greater  in  the  former  than  in  the  latter. 

The  changes  in  the  arteries  throughout  the  body  consist  in  thicken- 
ings of  their  coats. 

The  explanation  of  the  increased  blood-pressure  is  still  to  be 
considered,  and  this  is  somewhat  obscure.  It  is  due  to  the  condition 
of  the  kidneys,  but  the  mere  vascular  changes  there  are  not  sufficient 
to  account  for  it.  Increase  of  the  general  blood-pressure  is  caused 
by  arterial  and  capillary  obstruction  such  as  exist  in  the  kidneys 
in  this  disease  ;  but,  considering  the  means  at  the  disposal  of  the 
vascular  system  for  compensatory  dilatation  of  arteries,  such  a  local 
obstruction  is  insufficient  to  account  for  a  general  rise  in  pressure. 

The  changes  seem  inexplicable  on  a  purely  mechanical  theory, 
and  the  explanations  of  Cohnheim  as  amplified  by  Fagge  seem  the 
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most  probable.  In  all  the  cases  in  which  the  cardiac  and  Avascular 
changes  occur  there  is  obstruction  to  the  vessels  in  the  kidney, 
chiefly  the  arteries  and  the  capillaries  of  the  tufts.  In  order  to  the 
secretion  of  the  proper  amount  of  urine  the  blood  must  circulate 
much  more  quickly  through  the  remaining  vessels.  This  can  only 
be  effected  by  a  rise  in  the  blood-pressure  in  the  vessels  concerned, 
which  may  be  brought  about  by  a  relaxation  of  the  larger  renal 
arteries.  The  activity  of  the  renal  secretion  seems  to  be  largely 
determined  by  the  amount  of  urea  and  other  constituents  in  the 
blood,  the  condition  of  the  arteries  as  to  contraction  being  regulated 
through  the  nervous  system  (Cohnheim  and  Roy).  But  if  the  local 
dilatation  of  the  arteries  be  inadequate  to  cause  a  sufficient  flow  of 
blood,  and  the  urinary  constituents  still  tend  to  accumulate,  then 
there  can  only  be  a  relief  by  a  general  rise  in  the  blood-pressure 
brought  about  by  increase  in  the  force  of  the  cardiac  contractions.  In 
this  view  of  it  the  cardiac  hypertrophy  is  compensatory,  and  is 
brought  about  in  order  to  prevent  the  undue  accumulation  of  urea 
in  the  system. 

(Edema  and  Dropsy. — Anasarca  or  oedema  of  the  skin  is  an  early 
and  characteristic  symptom  of  acute  parenchymatous  nephritis.  The 
subject  has  been  already  considered  at  pp.  127-8.  The  oedema  of 
the  skin  is  to  be  related,  on  the  one  hand,  to  the  excess  of  water 
retained  in  the  blood,  and,  on  the  other,  to  the  irritation  of  the 
skin  by  the  abnormal  constitution  of  the  blood.  The  irritant 
which  acts  on  the  kidneys  will  also  act  on  the  skin. 

Literature. — Richard  Bright,  Reports  of  medical  cases  selected  with  a  view 
of  illustrating  the  symptoms  and  cure  of  disease,  by  a  reference  to  morbid 
anatomy,  vol.  i.,  1827;  Rayer,  Traite  des  malad.  des  reins,  1840;  Frerichs, 
Die  Bright'sche  Krankheit,  1851;  Rosenstein,  Nierenkrankheiten,  2nd  ed.,  1870; 
Johnson,  Lect.  on  Bright's  dis.,  1873,  and  Med.  lect.  and  essays,  1887;  Grainger 
Stewart,  Prac.  treatise  on  Bright's  dis.,  1868,  and  Clin.  lect.  on  important  symp- 
toms, Albuminuria,  1888;  Charcot,  Lect.  on  Bright's  dis.  (transl.),  1579;  Aufrecht, 
Die  diffuse  Nephritis,  1879 ;  Weigert,  in  Volkmann's  Sammlung,  No.  162,  1879 ; 
Ribbert,  Nephritis  and  albuminuria,  1881 ;  Dickinson,  Dis.  of  kidney,  part  ii., 
Albuminuria,  1877  ;  Ralfe,  Dis.  of  kidneys,  1885.  Glomerulo -nephritis  and 
Scarlatina — Klebs,  Handb.  d.  path,  anat.,  i.,  644,  1870;  Klein,  Path,  trans., 
xxviii.,  1877 ;  Coats,  Brit.  Med.  Jour.,  1874,  ii.;  Friedlander,  Fortschritte  der 
Med.,  1883;  Langhans,  Virch.  Arch.,  lxxvi.  and  xcix. ;  Litten,  Charite-Annalen., 
iv. ;  Crooke,  Birmingham  Med.  Rev.,  1886-87.  Interstitial  nephritis — Traube, 
Gesammelte  Beitrage,  ii.,  1871 ;  Leyden,  Zeitschr.  f.  klin.  Med.,  ii.  and  iii. ; 
.Ziegler,  D.  Arch.  f.  klin.  Med.,  xxv. ;  Ebstein,  (Gout)  ibid.,  xxvii. ;  Pedell, 
(Lead)  D.  med.  Wochenschr.,  1884;  Jacob,  ibid.,  1886;  Saundby,  Path,  trans., 
xxxi.,  1880;  Greenfield,  ibid.  Cardiac  and  Vascular  changes — Traube,  Zusam- 
menhang  v.  Herz-  und  Nierenkrankheiten,  1856;  Gull  and  Sutton,  Med.  chir- 
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trans.,  lv.,  1872,  and  Path,  trans.,  xxviii.,  1877;  Sotnischewsky,  Virch.  Arch., 
lxxxii. ;  Lemcke,  I).  Arch.  f.  klin.  Med.,  xxxv.  ;  Holsti,  ibid.,  xxxviii. ;  Mahomed, 
Guy's  Hosp.  Eeports,  1885;  Cohnheim,  Allg.  Path.,  ii.,  349,  1882;  Fagge,  Prin. 
and  Prac.  of  Med.,  ii.,  447,  1886;  Cohnheim  and  Roy,  Virch.  Arch.,  xcii.,  1883. 

VI. — EMBOLIC  INFLAMMATION.    METASTATIC  ABSCESSES. 

In  Pygemia  and  Ulcerative  endocarditis  pieces  of  fibrine  or 
other  materia]  may  be  carried  to  the  kidneys  and  produce  embolism 
there.  In  this  way  arise  Metastatic  abscesses.  For  the  most  part 
the  emboli  are  small  and  are  carried  to  the  ascending  arteries  or  the 
glomeruli  before  they  are  caught.  Hence  the  abscesses  are  mostly 
in  the  cortical  substance,  although  they  are  not  infrequently  seen 
in  the  pyramids  along  the  course  of  the  arterise  recta?,  and  there 


Fig.  445.— From  a  section  of  the  kidney  in  ulcerative  endocarditis.  An  artery  is 
plugged  with  dark  material  which  contains  micrococci.  In  the  neighbourhood  of  the 
plug  the  wall  of  the  artery  is  necrosed.  Leucocytes  are  infiltrating  the  tissue  around, 
and  extending  through  the  vessel  wall,    x  90. 

may  even  be  large  ones  taking  in  portions  both  of  pyramids  and 
cortex.  The  abscesses  are  usually  elongated  in  the  direction  of  the 
arteries,  and  they  often  project  slightly  from  the  surface  when  the 
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capsule  is  removed.  They  are  frequently  present  in  considerable 
numbers  in  both  kidneys. 

Under  the  microscope  it  can  be  seen  that  the  abscesses  arise  by 
obstruction  of  the  arteries  (see  Fig.  445).  Where  the  embolism  has 
been  recent  the  wall  of  the  vessel  and  the  tissue  in  the  immediate 
neighbourhood  of  the  embolus  present  evidences  of  necrosis,  while 
around  there  are  multitudes  of  leucocytes  occupying  the  interstitial 
tissue.  In  the  embolus  there  are  colonies  of  microbes  in  the  midst 
of  remains  of  the  transported  fibrine.  When  the  abscess  has  fully 
formed,  these  characters  may  be  lost  in  the  great  multiplication  of 
leucocytes.  Besides  in  the  arteries  colonies  of  microbes  are  to  be 
found  in  the  vessels  of  the  glomeruli,  sometimes  filling  many  of 
them  out  with  a  dark  granular  mass,  and  also  in  the  capillaries. 
It  is  sometimes  to  be  seen  that  these  colonies  are  present  in  the 
glomeruli  and  capillaries  without  signs  of  inflammation  around.  In 

such  cases  they  are  of  re- 
cent growth  and  have  not 
had  time  to  produce  in- 
flammation by  giving  off* 
irritating  products.  To 
some  extent  the  bacteria 
may  multiply  in  the  glo- 
meruli and  capillaries  after 
death. 

In  scarlet  fever  there  is 
rarely  a  true  suppurative 
nephritis,  but  in  some  cases 
the  kidneys  are  greatly  en- 
larged and  infiltrated  with 
leucocytes  (see  p.  949). 
These  cases  are  probably  due  to  the  presence  of  septic  products,  ab-  lij 
sorbed  from  the  lesion  in  the  fauces.  Microbes  are  not  infrequently 
found  in  the  capillaries  of  the  kidney  in  scarlet  fever  and  diphtheria 
(Fig.  446),  and  they  may  also  pass  into  the  tubules. 

VII.  INFLAMMATIONS  OF  THE  PELVIS  (PYELITIS,  PYONEPHROSIS)  p 
AND  OF  THE  KIDNEY  IN  ASSOCIATION  WITH  THE  PELVIS  1 
(PYELONEPHRITIS). 

The  various  terms  mentioned  in  the  heading  refer  to  inflammations 
which  generally  arise  by  extension  from  the  bladder  up  the  ureter  tol 
the  pelvis  and  kidney.    Pyelitis  is  an  inflammation  of  the  pelvis  oil 
the  kidney,  pyelonephritis  is  a  suppurative  inflammation  involving  the;! 
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pelvis  and  the  substance  of  the  kidney.  Pyonephrosis  is  a  suppuration 
in  a  distended  pelvis. 

1.  Pyelitis. — Inflammation  of  the  pelvis  of  the  kidney  is  not  always 
suppurative,  as  it  may  be  produced  by  other  causes  besides  the 
septic  agents.  A  catarrhal  pyelitis  occurs  in  the  course  of  some 
fevers,  or  it  may  be  present  to  some  extent  in  acute  Bright's 
disease. 

Calculi,  by  their  mechanical  irritation,  will  induce  an  inflammation 
of  the  pelvis,  often  spoken  of  as  Calculous  pyelitis.  It  is  sometimes 
said  that  calculi  produce  suppurative  inflammations,  but  this  can 
scarcely  occur  unless  there  be  an  extension  of  the  septic  process 
from  the  bladder  upwards.  The  irritation,  however,  may  lead  to 
such  inflammation  as  to  cause  a  considerable  abundance  of  leucocytes 
in  the  urine,  but  not  a  true  pus.  On  the  other  hand,  septic  inflam- 
mations, being  accompanied  by  decomposition  of  the  urine,  often 
result  in  the  formation  of  calculi. 

The  presence  of  calculi  in  the  pelvis  of  the  kidney  has  frequently 
an  irritative  effect  on  the  kidney  itself.  There  thus  arises  in  some 
cases  a  regular  interstitial  nephritis,  the  condition  of  the  kidney 
coinciding  with  that  in  chronic  Bright's  disease.  As  already  men- 
tioned the  contracted  kidney  so  produced  may  give  rise  to  hyper- 
rophy  of  the  left  ventricle  and  the  other  associated  phenomena. 

Suppurative  pyelitis  is  the  result  of  the  propagation  of  septic  pro- 
cesses from  the  bladder  by  the  ureter.  It  usually  occurs  in  cases 
where  there  is  some  obstruction  at  the  neck  of  the  bladder  or  in 
the  urethra,  and  a  cystitis  with  decomposition  of  the  urine  has 
occurred.  There  is  frequently  some  coincident  dilatation  of  the 
pelvis,  and  there  may  be  a  proper  pyonephrosis. 

The  mucous  membrane  is  thickened  and  frequently  of  a  bluish 
colour.  It  is  not  infrequently  incrusted  with  phosphates.  The 
contained  matter  is  a  thick  brownish  ill-smelling  pus. 

2.  Pyelonephritis,  Suppurative  nephritis. — By  the  term  pyelone- 
phritis is  meant  a  combined  inflammation  of  pelvis  and  kidney.  As 
this  inflammation  is  mostly  septic  the  usual  result  is  a  suppurative 
nephritis.  The  disease  mostly  connects  itself  with  that  just  described 
as  suppurative  inflammation  of  the  pelvis  and  leads  to  a  suppurative 
inflammation  of  the  kidney. 

There  are  two  modes  in  which  the  condition  may  be  brought 
about.  On  the  one  hand  the  irritating  chemical  products  from  the 
pelvis  may  be  carried  into  the  kidney,  being  absorbed  either  by 
the  tubules  or  the  lymphatics,  or  on  the  other  hand  the  microbes 
may  themselves  propagate  into  the  kidney.    This  latter  method  is 

3  P 


THE  KIDNEYS. 


much  the  more  frequent.  Colonies  of  micrococci  have  been  observed 
in  the  uriniferous  tubules  as  well  as  in  the  lymphatics. 

The  lymphatics  of  the  kidneys,  according  to  Steven  and  Newman,  are  in 
communication  with  those  of  the  ureter.  When  an  injection  is  thrown  with 
some  force  into  the  ureter,  it  passes  into  the  adventitia  of  this  canal,  and 
thence  to  the  capsule  of  the  kidney.  The  lymphatics  of  the  capsule  communicate 
with  those  of  the  kidney,  so  that  stellate  vessels  are  visible,  in  these  injections, 
on  the  surface  of  the  kidney,  and  are  found  to  penetrate  deeply  into  the  cortex. 

Pyelonephritis  mostly  manifests  itself  in  the  form  of  multiple 
abscesses  in  the  kidneys,  the  extension  being  by  the  second  method 
mentioned  above.  That  is  to  say,  micrococci  propagate  into  the 
kidney  in  an  irregular  fashion  and  each  colony  of  microbes  becomes 
the  focus  of  an  abscess.  The  abscesses  exist  both  in  pyramids  and 
cortex.  They  are  scattered  over  the  kidney  so  that  the  appearances 
may  resemble  those  of  pyaemia,  but  they  are  frequently  in  groups, 
occupying  certain  areas  with  a  number  of  purulent  centres.  They 
are  small  in  size  but  by  coalescence  may  reach  larger  dimensions. 
The  groups  are  frequently  more  or  less  wedge-shaped,  the  base 
at  the  cortex  and  the  apex  far  down  in  the  pyramid  or  even  at 
its  apex. 

When  the  propagation  is  by  the  lymphatics  the  abscesses  will  be 
chiefly  on  the  surface  of  the  kidney,  partly  involving  the  capsule. 
It  is  not  uncommon  to  open  abscesses  in  the  process  of  stripping 
the  capsule.  It  may  happen  that  abscesses  form  by  this  mode  of 
extension  without  the  pelvis  being  affected,  the  propagation  occurring 
by  the  wall  of  the  ureter  to  the  surface  of  the  kidney,  but  generally 
both  modes  of  extension  co-exist,  and  there  are  abscesses  in  the 
substance  as  well  as  at  the  surface  of  the  organ. 

A  more  rare  circumstance  is  that  the  entire  organ  is  infiltrated, 
especially  in  the  cortex,  with  leucocytes,  and  the  appearances  pre- 
sented are  those  of  an  acute  interstitial  nephritis,  such  as  that  above 
mentioned  as  sometimes  resulting  from  scarlet  fever.  This  may 
perhaps  be  the  case  when  the  irritant  is  diffused  from  the  pelvis  in 
solution. 

When  the  abscess-formation  is  one-sided,  healing  may  take  place. 
The  kidney  is  then  the  seat  of  numerous  cicatrices,  a  condition 
which  Moxon  has  named  the  Cicatricial  kidney. 

Literature. — Beck,  Reynolds'  Syst.  of  Med.,  v.,  1879;  Dickinson,  1.  c. ;  Newman, 
1.  c. ;  Steven,  Glasg.  Med.  Jour.,  xxii.,  1884;  Moxon,  Path,  trans.,  xxiii.,  1882. 

3.  Pyonephrosis. — This  term  is  used  when,  along  with  or  following 
a  hydronephrosis,  suppuration  occurs  in  the  dilated  structures.  This 
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is  usually  the  result  of  an  extension  upwards  of  decomposition  and 
inflammation  from  the  bladder,  such  as  has  been  just  referred  to. 
It  may  be  followed  by  suppurative  inflammation  of  the  kidney,  and 
in  that  case  is  usually  fatal. 

Such  extension  upwards  will  usually  occur  in  cases  where  the 
primary  condition,  which  probably  corresponds  to  the  seat  of  obstruc- 
tion, is  in  the  bladder  or  urethra,  hence  it  may  be  bi-lateral,  and 
in  that  case  is  almost  certainly  fatal.  However,  it  is  not  uncom- 
monly uni-lateral,  the  extension  having  only  occurred  up  one  ureter. 
In  that  case  there  may  be  an  abscess-like  cavity 
formed,  the  dilated  pelvis  and  calices  being 
filled  with  pus. 

If  the  affection  of  the  lower  urinary  tract  is 
recovered  from,  healing  may  take  place  in  the 
kidney.  One  of  the  most  constant  results  in 
this  case  is  obliteration  of  the  pelvis  or  upper 
part  of  the  ureter,  so  that  the  kidney  is  shut 
off  from  the  latter.  By  the  obliteration  of  the 
pelvis  the  kidney  is  converted  into  a  series  of 
cysts,  each  independent  of  the  other,  and 
representing  dilated  calices  (see  Fig.  447).  In 
these  cysts  pus  is  at  first  present,  but  as  the 
corpuscles  die  and  the  fluid  is  absorbed,  the 
pus  dries-in  and  leaves  a  pultaceous  matter  in 
which  lime  salts  are  abundantly  present  (a  in 
figure).  It  is  not  uncommon  to  meet  with  a 
kidney  thus  converted  into  cysts  filled  with 
putty-like  matter,  and  it  is  remarkable  that 
along  with  these  there  may  be  some  cysts  in 
which  clear  serous  fluid  is  present.  Compensatory  hypertrophy  of  the 
other  kidney  may  complete  the  cure. 


Fig.  447,  —  Healed  pyone- 
phrosis, b,  obliterated  pelvis  ; 
a,  a,  a,  cavities  filled  with 
pultaceous  matter.  There  are 
other  cavities  which  contained 
serous  fluid. 


The  above  is  believed  by  the  author  to  be  the  course  of  events  in  cases  of  the 
kind  referred  to.  The  description  is  based  chiefly  on  cases  which  have  come 
under  his  own  observation.  In  one  such  case  there  was  obstruction  in  the 
urethra  in  a  female,  with  hypertrophy  of  the  bladder.  One  kidney  was  found 
in  the  healed  condition  described  above,  while  the  other  showed  compensatory 
hypertrophy.  This  patient  died  from  bronchitis  without,  latterly,  any  renal 
symptoms.  In  another  case  one  kidney  showed  pultaceous  masses,  while  the 
■other  presented  a  recent  suppurative  inflammation  which  had  proved  fatal. 
There  was  a  prolonged  affection  of  the  bladder,  with,  apparently,  an  extension 
first  to  one  kidney,  producing  a  pyonephrosis  partly  recovered  from,  and  then 
to  the  other,  leading  to  a  fatal  result.  It  is  not  to  be  denied,  however,  that 
somewhat  similar  appearances  may  result  from  healing  of  a  tuberculosis  of  the 
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kidney.  In  this  case,  however,  there  will  be  signs  of  tuberculosis  in  the  ureters, 
and  probably  in  other  parts  of  the  urino-genital  tract. 

VIII. — RETROGRADE  CHANGES  IN  THE  KIDNEYS. 

Eetrograde  changes  are  of  frequent  occurrence  in  the  various 
forms  of  Bright's  disease,  but  we  have  here  to  do  with  such  as  are 
met  with  more  independently. 

1.  Amyloid  degeneration  of  the  kidneys. — Amyloid  disease  is  of 
more  importance  in  the  kidneys  than  in  other  organs,  both  because  of 
itself  it  leads  to  albuminuria  and  because  its  presence  probably 
induces  further  structural  changes  in  the  organ.  These  facts  induce 
some  authors  to  include  it  as  a  form  of  Bright's  disease.  It  exists 
along  with  amyloid  disease  in  other  organs,  and  is  secondary  to 
some  disease  which  affects  the  body  generally,  chiefly  phthisis  pul- 
monalis  and  syphilis.  In  syphilis  it  not  frequently  assumes  more 
of  an  independent  character,  and  the  case,  as  a  whole,  may  assume 
the  aspect  of  one  of  kidney  disease. 

The  view  expressed  by  the  author  at  p.  187  that  amyloid  disease  is  produced  by 
the  direct  action  of  the  morbid  poisons  concerned  in  the  diseases  which  lead  to  it, 
rather  than  by  the  drain  on  the  system  which  these  diseases  sometimes  cause,  is. 
confirmed  by  the  experimental  observations  of  Krawkow,  published  since  the  former 
part  of  this  work  was  printed.  He  induced  amyloid  disease  in  a  number  of  animals 
of  different  kinds  by  the  subcutaneous  injection  of  cultures  of  staphylococcus 
pyogenes  aureus,  but  did  not  succeed  in  producing  the  condition  when  suppurations 
were  produced  by  other  kinds  of  agents  such  as  turpentine.  He  expresses  the 
opinion  that  the  products  evolved  by  the  microbes  constitute  the  essential  cause. 
He  produced  amyloid  disease  in  one  case  by  injecting  a  nitrate  of  the  bacillus 
pyocyaneus.    (See  Krawkow,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  May,  1895.) 

The  lesion  in  the  kidneys  as  in  other  organs  affects  primarily  the 
walls  of  the  blood-vessels.  Even  in  very  early  cases,  in  which  the 
amount  of  amyloid  disease  is  slight,  we  usually  find  it  in  two  distinct 
and  separate  structures,  namely  the  Malpighian  tufts  and  the  arterise 
recta?  of  the  pyramids.  The  Vessels  of  the  glomeruli,  generally  along 
with  the  arteries  leading  to  them,  are  swelled  up  and  hyaline.  The 
rose  colour  developed  with  methylviolet  is  so  striking  that  in  sections 
stained  with  this  dye  it  often  looks  as  if  the  tufts  were  injected.  They 
are  also  considerably  enlarged,  and  even  without  the  addition  of  iodine 
or  methylviolet  they  form  very  prominent,  transparent,  and  glancing 
clumps  in  the  cortex.  The  Arterias  rectse  run,  as  we  have  seen,  in 
bunches,  and  their  appearance  with  methylviolet  is  that  of  a  series  of 
rose-coloured  tubes  grouped  together.  They  are  also  sufficiently  pro- 
nounced as  a  rule  without  any  reagent,  appearing  as  pearly  glancing 
tubes. 
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Fig.  448. — Amyloid  degeneration  of  the  basement  membrane 
of  uriniferous  tubules.  The  thickened  and  translucent  basement 
membrane  is  shown  with  the  renal  epithelium  inside.     X  350. 


While  these  structures  are  first  and  chiefly  involved,  others  usually 
follow.  There  is  amyloid  disease  extensively  present  in  the  Arteries 
of  the  cortex,  the  as- 


cending  and  afferent 
arteries.   In  these  the 
lesion   can  often  be 
seen  to  begin  in  the 
muscular  coat,  a  dis- 
tinct transverse  mark- 
ing    being  visible 
either  from  the  mus- 
cular fibre  cells  being- 
mapped  out  by  the 
staining  agent,  or  by 
structures  lying  be- 
tween the  muscle  cells 
being  affected.  Very 
often  there   is  here 
and  there  a  capillary 
of  the  cortex  affected, 
and  sometimes  these 
are  extensively  so,  even  in  comparatively  slight  cases.    The  Basement 
membrane  of  the  tubules  frequently  becomes  amyloid  in  advanced 
cases,  chiefly  that  of 
the  tubules  in  the  cor-  ■■•vt^'CPi 
tical    substance  (see 
Fig.  448). 

Along  with  the  amy- 
loid disease  of  the  ves- 
sels there  is  usually 
Fatty  degeneration  of 
the  epithelium  of  the 
tubules,  apparently  the 
result  of  anaemia  from 
the  obstruction  of  the 
vessels. 

Interstitial  inflam- 
mation nearly  always 
accompanies  amyloid 
disease.  It  is  usually 
slight  in  degree,  but  it  may  be  so  great  as  to  produce  a  combination 
of  chronic  interstitial  nephritis  and  amyloid  disease,  as  in  Fig.  449, 


Fig.  449. — Amyloid  and  contracted  kidney.  The  highly  amy- 
loid and  therefore  greatly  enlarged  Malpighian  tufts  are  shown  ; 
their  capsules  are  somewhat  thickened.  The  tufts  are  very 
unduly  close  together,  owing  to  contraction  of  the  intervening 
tissue.  Between  them  there  is  round-cell  tissue  with  remains 
of  tubules,    x  85. 
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where  the  glomeruli  are  brought  close  together  by  atrophy  of  the 
tubules  from  interstitial  inflammation,  and  the  organ  as  a  whole  is 
contracted. 

The  mere  existence  of  amyloid  disease  probably  gives  rise  to  inter- 
stitial inflammation,  but  it  is  not  improbable  that  the  primary  disease 
which  led  to  the  amyloid  condition  may  also  induce  nephritis.  Thus 
in  syphilis  the  virus  affecting  the  kidney  directly  may  cause  interstitial 
inflammation,  while  less  directly  it  produces  a  general  amyloid  con- 
dition. Again,  in  phthisis  pulmonalis,  and  in  extensive  suppurations 
from  diseased  bone,  there  may  readily  occur  an  absorption  of  irritating- 
materials  which  are  capable  of  setting  up  inflammation  in  process  of 
excretion  by  the  kidneys. 

The  contracted  amyloid  kidney  is  not  generally  accompanied  by 
hypertrophy  of  the  heart,  the  reason  apparently  being  that,  as  the 
blood  is  deteriorated,  the  compensatory  growth  of  muscular  tissue 
can  scarcely  occur. 

In  regard  to  the  Naked-eye  appearances,  the  simple  amyloid  kidney 
is  enlarged,  sometimes  greatly  enlarged,  so  that  the  organ  weighs 
nine  or  ten  ounces.  The  surface  is  pale  and  the  capsule  comes  off 
easily.  On  section  the  cortex  is  seen  to  be  thickened  and  pale  in 
colour.  The  general  appearance  therefore  resembles  that  of  the  large 
white  kidney,  and  doubtless  many  cases  have  been  mistaken  for 
that.  But  the  organ  in  amyloid  disease  has  a  firm  elastic  feeling 
and  a  transparent  bacony  appearance  on  section,  which  is  distinctive 
enough.  The  thick  pale  transparent  cortex  usually  contrasts  with 
the  redder  pyramidal  substance,  and  the  appearance  has  been  some- 
what aptly  compared  to  the  section  of  bacon  ham.  The  name 
Lardaceous  kidney  is  often  applied  from  the  transparent  appearance 
of  the  tissue.  In  the  midst  of  the  transparent  basis  opaque  yellow 
streaks  are  often  visible,  from  the  fatty  degeneration  of  the  epithelium. 
The  addition  of  a  solution  of  iodine  to  the  cut  surface  of  such  a 
kidney  brings  out  the  affected  glomeruli  as  brown  dots  and  the 
arterise  rectse  as  brown  streaks.  If  the  kidney  be  contracted,  the 
granulations  on  the  surface  show  the  usual  transparent  waxy  appear- 
ance of  the  amyloid  kidney,  and  on  section  the  cortex,  though 
greatly  thinned,  shows  a  similar  condition. 

The  amyloid  substance  apparently  allows  fluid  to  pass  through  it 
more  readily  than  ordinary  albuminous  structures.  Injection  of  the 
amyloid  kidney  shows  that  the  vessels  of  the  glomeruli  and  the 
arteries  of  the  cortex  are  largely  obstructed.  It  may  well  be  that 
this  leads  to  increased  blood-pressure  in  the  remaining  arteries,  but 
with  the  general  narrowing  of  the  smaller  arteries  this  can  hardly 
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tell  with  much  force  on  the  glomeruli  which  remain  pervious.  This 
excessive  secretion  of  urine,  like  the  diarrhoea  which  is  a  pro- 
minent symptom  in  amyloid  disease  of  the  intestine,  is  probably 
to  be  accounted  for  by  a  greatly  increased  permeability  of  the 
vessels. 

2.  Atrophy. — A  local  atrophy  sometimes  occurs  from  Endarteritis 

(see  Fig.  450).    There  are  flat  depressions  on  the  surface  which  may 


Fig.  450.— Local  atrophy  from  endarteritis,  a,  hilum  of  kidney  ;  b,  normal  pyramid  ; 
c,  normal  cortex  showing  glomeruli,  medullary  rays,  etc.  ;  atrophy  beginning,  the 
convoluted  tubules  atrophied  while  glomeruli  remain.  On  approaching  e  the  glom- 
eruli become  greatly  contracted  and  close  together,    x  6. 


give  the  kidney  a  somewhat  coarsely  granular  appearance,  but  some- 
times these  are  extensive,  involving  considerable  areas  of  the  kidney. 
In  this  latter  case  the  larger  arteries  running  between  cortex  and 
pyramids  are  affected  with  endarteritis,  which  may  be  an  Atheroma 
associated  with  a  similar  condition  in  other  arteries.  The  thickening 
of  the  internal  coat  is  very  extreme  (see  below  e  in  Fig.  450),  and 
in  the  smaller  branches  amounts  to  absolute  occlusion. 

The  atrophy  has  considerable  resemblance  in  its  details  to  that  in 
chronic  interstitial  nephritis,  but  also  presents  considerable  differ- 
ences. It  is  not  limited  to  the  cortex,  but  involves  the  pyramids 
as  well,  and  there  is  much  less  distortion  but  more  of  a  simple 
diminution  or  disappearance  of  the  tubules.  The  affected  areas  are 
very  strikingly  reduced  in  volume,  so  that  the  hilum  of  the  kidney 
comes  close  to  the  surface  (see  between  a  and  e  in  figure).  This 
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contrasts  greatly  with  the  neighbouring  unaffected  parts  in  which 
the  cortex  is  even  more  voluminous  than  normal. 

By  the  Atrophy  of  the  tubules  the  glomeruli  are  brought  close 
together,  so  close  in  many  cases  as  to  show  that  the  tubules  have 
virtually  disappeared.  In  the  pyramidal  portion  the  atrophy  of  the 
tubules  causes  the  intertubular  substance  to  become  very  prominent 
as  a  clear  translucent  matrix  interrupted  by  small  round  areas.  The 
Glomeruli  are  themselves  in  a  state  of  sclerosis.  At  the  marginal 
parts  of  the  affected  areas  this  condition  is  seen  to  begin  by  a  thicken- 
ing of  the  capsule  which  is  less  fibrous  than  in  the  sclerosis  of  inter- 
stitial nephritis,  but  has  rather  a  hyaline  appearance.  The  occlusion 
of  the  vessels  in  the  tuft  and  the  solidification  of  the  glomerulus 
follow.  In  many  parts  the  remaining  tissue  consists  of  little  more 
than  closely  aggregated  and  solidified  glomeruli,  these  being,  appa- 
rently, in  their  altered  state,  very  persistent. 

In  addition  to  these  evidences  of  atrophy  there  is  some  infiltra- 
tion of  round  cells,  but  not  any  considerable  new-formation  of  fibrous 
tissue. 

The  description  given  above  of  local  atrophy  from  endarteritis  is  based  on  the 
observation  of  two  well-marked  cases  in  which  nearly  half  the  kidney  tissue  was 
atrophied,  the  locality  of  the  atrophy  being  chiefly  in  the  neighbourhood  of  the 
hilum,  and  generally  continuous,  although  also  with  isolated  patches.  An 
interesting  feature  in  both  these  cases  was  the  co-existence  of  hypertrophy  of 
the  left  ventricle.  The  importance  of  the  fact  that  local  atrophy  of  the  kidneys 
may  have  such  a  result  has  already  been  referred  to. 

In  Senile  atrophy  the  whole  structures  of  the  kidneys  undergo 
diminution  in  size,  but  very  often  this  affects  especially  the  secreting 
epithelium  of  the  convoluted  tubules.  If  this  be  the  case  there  may 
be  a  special  shrinking  of  the  cortex,  and  the  kidneys  may  be  like 
those  of  chronic  Bright's  disease.  Sometimes  also  the  surface  is 
granular  and  the  capsule  adherent. 

3.  Parenchymatous  infiltration,  or  Cloudy  swelling.  Besides  form- 
ing one  of  the  lesions  in  acute  Bright's  disease,  this  is  liable  to  occur 
in  acute  febrile  diseases.  There  is  a  general  enlargement  of  the  renal 
epithelium  with  infiltration  of  fine  granules  in  the  midst  of  which 
minute  fat  drops  are  scattered  (Fig.  451).  The  pyramidal  tubules 
as  well  as  those  of  the  cortex  are  involved,  the  affection  being  usually 
homogeneously  distributed.  It  is  important  to  note  that  this  condi- 
tion may  produce  considerable  enlargement  of  the  kidney  without 
obvious  change  in  its  structure  to  the  naked  eye. 

4.  Fatty  degeneration  of  the  renal  epithelium  is  not  infrequently 
present  in  cachectic  conditions  such  as  advanced  phthisis  pulmonalis, 
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Fig  451.— Cloudy  swelling  of  renal  epithelium. 
The  cells  are  enlarged  and  tilled  with  fine  granules, 
in  addition  to  which  there  are  occasional  minute 
oil  drops.    X  350. 


in  which,  however,  it  is  often  associated  with  amyloid  disease  or 
interstitial  nephritis.  In  severe  anaemias  it  is  also  met  with  along  with 
fatty  degeneration  of  the  mus- 
cular substance  of  the  heart.  It 
occurs,  too,  in  acute  yellow  atro- 
phy of  the  liver. 

IX.— CONCRETIONS  AND  CAL- 
CULI IN  THE  KIDNEY. 

Two  very  interesting  forms  of 
Deposition  in  the  tubules  are 
met  with  in  new-born  children. 

In  the  common  icterus  of  the 
new-born  the  Biliary  colouring 
matter  (bilirubin)  is  excreted, 
as  in  the  adult,  by  the  kidneys, 
but  in  the  new-born  it  very 
readily  passes  into  the  Crystal- 
line form,  so  that  round  or 
rhombic  orange-coloured  crystals  are  found  in  the  pyramidal  tubules, 
sometimes  in  such  numbers  as  to  warrant  the  designation  bilirubin- 
infarction.  Similar  crystals  are  found  in  the  blood  and  tissues  of  the 
body. 

Uric  acid  salts  are  found  in  the  tubules  of  new-born  children,  in 
about  half  the  cases  of  those  who  die  within  the  first  few  weeks.  It  is 
mostly  in  children  who  have  breathed  that  they  are  met  with,  but 
they  have  been  observed  in  still-born  children,  although  very  rarely. 
The  concretions  consist  mostly  of  urate  of  ammonia.  They  are 
deposited  mainly  in  the  tubules  near  the  apices  of  the  pyramids, 
giving  the  appearance  of  opaque  yellow  or  reddish  streaks,  converg- 
ing to  the  apex  of  the  pyramid.  Under  the  microscope  amorphous 
urates  are  seen  in  the  tubules,  and  when  acetic  acid  is  applied  these 
dissolve  and  form  crystals  of  uric  acid. 

In  adults,  icterus  is  also  accompanied  by  deposition  of  pigment 
in  the  tubules,  but  it  is  in  the  form  of  brown  or  yellowish  masses. 

Urates  are  also  deposited  in  the  substance  of  the  kidney  in  Gout. 
They  are  visible  to  the  naked  eye  in  the  pyramidal  portions  of  the 
kidney,  especially  towards  the  apices,  as  white  streaks.  With  the 
microscope  they  are  seen  to  occupy  the  tubules,  which  are  dilated. 
There  is  usually  a  co-existing  interstitial  nephritis. 

Lime  salts  are  sometimes  deposited  in  the  straight  tubules  of  the 
pyramids,  especially  in  cases  where  from  disease  of  bone  there  is 
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excessive  absorption  of  lime  salts  and  excretion  of  them  by  the  urine. 
The  appearance  presented  is  that  of  white  streaks  usually  near  the 
apices  of  the  pyramids.  It  is  to  be  observed,  however,  that  a  depo- 
sition of  urates  occurring  in  the  straight  tubules  after  death  may 
produce  a  somewhat  similar  appearance. 

Calculi  in  the  pelvis  of  the  kidney  are  of  frequent  occurrence. 
As  we  have  seen,  they  may  originate  from  chronic  pyelitis,  especi- 
ally with  stagnation  of  urine,  but  they  may  apparently  originate  in 
the  uriniferous  tubules,  and  having  passed  into  the  pelvis  grow 
larger  there.  The  calculi  may  be  composed  of  uric  acid,  of  phos- 
phates, of  oxalate  of  lime,  or  of  cystine.  The  character  of  each  of 
these  is  described  in  the  section  on  Calculi  in  the  Bladder. 

The  calculi  sometimes  attain  to  very  large  dimensions,  moulding 
themselves  into  the  shape  of  the  pelvis  and  calices,  so  that  we  may 
have  branches  extending  out  into  elongated  recesses  formed  by  dilated 
calices.  By  obstructing  the  flow  of  urine  these  calculi  may  lead  to 
the  occurrence  of  hydronephrosis,  and  as  the  cavity  of  the  pelvis 
and  calices  enlarges  so  may  the  calculus.  A  small  calculus  often 
passes  into  the  ureter  and  obstructs  it,  in  this  way  leading  to 
hydronephrosis. 

X.— SYPHILIS  AND  TUBERCULOSIS  OF  KIDNEY. 

1.  Syphilis  is  sometimes  the  cause  of  diffuse  Interstitial  nephritis. 
It  is  undoubtedly  a  frequent  cause  of  Amyloid  disease,  and  may  by 
this  means  lead  on  to  chronic  nephritis.  It  is  probable  that  many 
cases  of  contracted  amyloid  kidney  have  this  origin.  Hereditary 
syphilis  is  also  believed  to  give  rise  to  a  diffuse  interstitial  nephritis. 

Gummata  are  very  rare  in  the  kidney.  They  are  found  in  the 
midst  of  cicatrices  as  in  the  case  of  the  liver. 

2.  Local  tuberculosis  or  Renal  phthisis. — This  condition  is  usually 
associated  with  tuberculosis  elsewhere.  Thus  there  is  commonly 
tuberculosis  of  the  ureter  and  bladder,  and  also,  in  the  male,  of  the 
vesicula?  seminales,  vas  deferens,  and  testicle.  It  seems  probable  that 
in  most  cases  the  tuberculosis  originates  in  the  testicle  and  travels  to 
the  other  parts  (Weigert),  but  an  origin  in  the  kidney  itself  is  not 
to  be  excluded.  The  fact  that  the  disease  is  rare  in  females  would 
indicate  that  the  propagation  is  usually  from  the  testicle.  Eenal 
phthisis  is  frequently  associated  with  pulmonary  phthisis,  which  is 
probably  in  most  cases  the  primary  affection. 

The  disease  is  usually  very  advanced  in  one  kidney  and  absent  or 
slight  in  the  other.  In  the  advanced  cases  the  kidney  is  converted 
internally  into  a  sac  with  irregularly  ulcerated  walls,  and  divided 
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partly  into  compartments  by  the  remains  of  septa.  The  ulcerated 
surface  presents  some  adhering  caseous  matter  and  the  wall  is  in- 
filtrated, the  whole  pelvis  presenting  the  appearances  shown  in  the 
lower  part  in  Fig.  452.    The  capsule  of  the  kidney  is  adherent. 

In  an  early  stage  we  find,  it  may 
be,  the  apex  of  a  pyramid  the  seat 
of  a  small  ulcer  with  yellow  caseous 
walls,  and  with  grey  tubercles  at 
the  periphery  in  the  substance  of 
the  pyramid.  The  lesion  begins 
usually  in  the  calices,  frequently  in 
those  situated  inferiorly,  as  in  Fig. 
452,  and  eats  its  way  in,  attacking 
and  destroying  the  kidney  tissue  in 
its  advance.  There  is  a  very  irregu- 
lar extension  of  the  ulceration,  but 
usually  there  is  some  indication  of 
the  calices  preserved. 

The  Pelvis  and  Ureter  partake  in 
the  tuberculosis,  and  the  latter  is 
often  infiltrated  either  in  patches  or 
throughout.  Its  wall  is  greatly 
thickened,  and  its  internal  surface 
often  presents  an  almost  continuous 
layer  of  caseous  matter. 

There  is  sometimes  a  partial  Hydronephrosis  (as  in  figure)  along 
with  the  tuberculosis,  from  the  caseous  matter  obstructing  the  ureter. 
It  also  happens  sometimes  that  tuberculosis  in  one  kidney  is  asso- 
ciated with  hydronephrosis  in  the  other.  In  such  cases  the  tuber- 
culosis of  the  bladder,  affecting  the  orifice  of  the  ureter,  has  caused 
obstruction  of  it  and  hydronephrosis  has  ensued. 

The  tuberculosis  sometimes  attacks  a  pervious  branch  of  the  Renal 
artery,  and  the  tubercular  virus  is  disseminated  over  the  area  of 
distribution  of  the  artery.  Hence  *it  is  not  uncommon  to  find  a  larger 
or  smaller  wedge-shaped  piece  of  kidney  occupied  by  closely  aggre- 
gated tubercles,  while  there  is  a  comparatively  slight  tuberculosis 
of  the  pelvic  portions.  A  general  tuberculosis  may  develop  from 
this. 

3.  General  tuberculosis.— A  Chronic  general  tuberculosis  is  not 

uncommon  in  children,  in  the  form  of  yellow  masses,  usually  softened 
in  the  central  parts.  This  is  associated  with  tuberculosis  in  other 
parts,  usually  in  the  lungs.     In  adults,  phthisis  pulmonalis  is  fre- 


452.— Tuberculosis  of  kidney  with 
hydronephrosis.  At  lower  part  a  ragged 
tubercular  ulcer  eating  into  kidney  tissue. 
Two  small  isolated  tubercular  areas  below.  In 
upper  part  dilated  calices  (hydronephrosis). 
To  right  dilated  ureter. 
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quently  associated  with  a  few  tubercles  in  the  kidneys  as  well  as  in 
the  liver,  but  they  are  of  comparatively  small  size. 

In  Acute  general  tuberculosis  there  are  numerous  tubercles  in  the 
kidnej^s,  mostly  in  the  cortex.  They  are  usually  elongated  in  shape 
and  visible  to  the  naked  eye  as  small  pale  areas.  Under  the  micro- 
scope they  are  found  to  be  caseous  in  their  central  parts  while 
peripherally  their  cells  infiltrate  between  the  tubules. 

Literature.— Negel,  De  la  syph.  renale,  1880 ;  Seiler,  D.  Arch.  f.  klin.  Med., 
xxix. ;  Curt  Jani  und  Weioert,  Virch.  Arch.,  ciii.,  522,  1886  ;  Hanan,  ibid.,  ciii., ' 
221,  1887;  Nasse,  ibid.,  cv.,  173,  1886;  Baumgarten,  Tuberculose,  1885. 

XL— TUMOURS  OF  THE  KIDNEY". 

Fibromas  are  frequently  met  with  in  the  kidneys  in  the  form  of i 
small  white  tumours  of  no  practical  significance,  but  they  have  also 
been  found  of  large  size.    Lipomas  are  very  rare  in  the  kidney,  but 
the  fatty  external  capsule  sometimes  forms  a  bulky  tumour  (Lipoma 
capsulare). 

Cysts. — Cysts  of  various  kinds  are  of  peculiarly  frequent  occurrence 
in  the  kidneys,  and  they  are  of  various  kinds.  In  some  cases  they 
arise  distinctly  from  obstruction  of  the  tubules,  as  in  the  contracted 
kidney  of  interstitial  nephritis  already  mentioned. 

Simple  cysts  are  frequently  met  with  in  kidneys  which  are  other- 
wise perfectly  normal,  and  the  cysts  themselves  do  not,  as  a  rule, 
seriously  interfere  with  the  functions  of  the  organ.  They  are  larger 
or  smaller  well-formed  cysts,  which  not  infrequently  project  from  the 
surface  of  the  organ.  They  contain  usually  a  clear  fluid,  but  the 
contents  are  sometimes  colloid  in  character.  The  wall  of  the  cyst  is 
composed  of  connective  tissue  lined  with  a  proper  tesselated  epithe- 
lium. These  cysts  sometimes  grow  to  a  large  size,  and  may  push 
aside  the  renal  tissue  to  a  large  extent.  It  is  probable  that  they  are 
of  congenital  origin,  arising  by  an  isolated  occurrence  of  the  same  pro- 
cess as  that  which  produces  the  following  form. 

Cystic  transformation  of  the  kidneys  is  also  a  condition  of  con- 
genital origin,  at  least  in  many  cases,  and  probably  in  all.  The  whole 
kidney  is  converted  into  a  congeries  of  cysts  of  larger  and  smaller 
size.  The  cysts  form  rounded  prominences  from  the  surface,  and  onj 
section  (Fig.  453)  they  are  seen  to  replace  the  renal  tissue.  The 
wall  of  each  cyst  is  composed  of  a  tunica  propria  with  well-formed 
tesselated  epithelium  lining  it.  It  contains  usually  a  clear  fluid,  but 
the  fluid  may  be  brownish  or  even  hemorrhagic,  and  it  is  noteworthy 
that  it  contains  the  constituents  of  the  urine,  often  with  albumen, 
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and  sometimes  throws  down  a  granular  precipitate  of  uric  acid. 
Between  the  cysts  there  is  very  little  space,  but  there  are  traces  of 
remaining  renal  tissue,  and  the  pelvis  and  ureter  are  present.  The 
outline  of  the  organ  is  greatly  enlarged. 

Kidneys  of  this  kind  have  been 
frequently  met  with  in  new-born 
children,  in  whom  they  may  reach 
the  dimensions  of  eight  inches  by 
four.  From  their  size  they  may 
seriously  interfere  with  parturition, 
even  requiring  evisceration  before 
delivery  can  be  effected.  It  is  of 
importance  to  note  that  this  con- 
dition often  co-exists  with  other 
congenital  defects  such  as  hydro- 
cephalus, defective  urinary  bladder, 
and  horse-shoe  kidney,  and  that  it 
frequently  coincides  with  a  cystic 
condition  of  the  liver. 

Cystic  degeneration  is  also  met 
with  in  the  adult,  and  it  is  re- 
markable that  the  functions  of  the 
organs  may  be  preserved  for  a  long- 
time, although  both  kidneys  are 
composed  of  a  congeries  of  cysts, 
as  in  the  figure.  The  author  met 
with  a  case  in  which  the  patient 
died  at  the  age  of  forty-three.  For  eighteen  years  before  his  death 
there  had  been  recurring  attacks  of  hematuria,  and  he  at  last  died 
with  uraemic  symptoms.  The  kidneys  were  much  enlarged  and  cystic, 
but  with  some  renal  tissue  remaining  between  the  cysts. 

The  cysts  undoubtedly  arise  by  dilatation  of  the  uriniferous  tubules 
and  glomeruli,  the  medullary  tubules  being,  according  to  Kennedy, 
chiefly  concerned.  The  dilatation  is  generally  ascribed  to  constriction, 
so  that  the  cysts  are  regarded  as  Eetention  cysts.  There  are  serious 
objections  to  this  view,  pure  and  simple.  The  cysts  are  obviously 
growing  structures  of  well-formed  tissue,  and  scarcely  like  the  small 
dilatations  in  chronic  nephritis.  Again,  the  general  aspects  of  the 
condition,  both  clinically  and  pathologically,  are  not  those  of  a 
chronic  nephritis  such  as  would  produce  obstruction.  There  is  rather, 
it  may  be  for  many  years,  a  slowly  advancing  transformation  of  the 
tubules,  without  any  of  the  ordinary  signs  of  Bright's  disease,  so  that 


Fig.  453. — Cystic  transformation  of  kidney, 
shown  in  section.  The  other  kidney  was. 
similar. 
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the  actual  diagnosis  is  usually  made  post  mortem.    From  his  own 
observation,  the  author  believes  that  the  condition  arises  probably  : 
from  a  perverted  function  of  the  renal  epithelium.    In  a  case  of  the 
kind  he  found  that  the  beginnings  of  the  cysts  seemed  to  be  the  I 
formation  of  small  clumps  of  colloid  matter  in  the  tubules,  formed 
as  if  by  abnormal  secretion.    The  character  of  the  secretion  prevented 
its  passage  down  the  tubule,  and  it  may  be  supposed  that  the  continua- 
tion  of  this  abnormal  secretion  would  produce  gradual  enlargement,  i 
An  origin  such  as  this  would  be  consistent  with  the  fact  that  cystic 
disease  of  the  liver  frequently  coincides  with  that  of  the  kidneys, 
and  that  in  some  cases  there  are  also  cysts  in  the  pancreas,  lungs,  etc. 

Dermoid  cysts  are  also  met  with  in  the  kidneys. 

Adenoma. — This  form  of  tumour  is  very  rare.  It  is  described  as 
occurring  in  the  kidneys  in  the  form  of  defined  solitary  growths  of 
various  sizes  up  to  that  of  a  walnut.  It  occurs  in  the  cortical 
substance,  and  arises  from  the  convoluted  tubules.  According  to 
structure  two  forms  are  described,  a  papillary  and  an  alveolar,  these 
resembling  the  corresponding  forms  in  the  ovaries. 

It  is  not  uncommon  to  meet  with  small  tumours  consisting  of 
pieces  of  Displaced  suprarenal  capsule.  The  tumours  lie  immedi- 
ately under  the  capsule  of  the  kidney,  but  may  be  deep  in  the 
renal  substance ;  they  are  distinctly  defined  from  the  kidney  tissue. 
Under  the  microscope  they  show  cylindrical  masses  of  cells  which 
are  infiltrated  with  fat. 

Primary  sarcoma. — This  occurs  in  various  forms.  It  is  stated 
that  cases  described  as  cancer  are  frequently  sarcomas  (Dickinson). 
The  early  age  at  which  cancers  of  the  kidney  are  stated  to  occur 
lends  support  to  this  view,  as,  in  general,  children  are  much  more 
liable  to  sarcomas  than  cancers. 

The  forms  chiefly  met  with  are  round-celled  and  spindle-celled 
sarcoma,  myxosarcoma,  and  myosarcoma.  The  tumours  generally 
grow  rapidly  and  may  assume  large  dimensions.  They  occur  mostly 
in  early  life. 

The  Myosarcoma  is  a  specially  interesting  form.  It  is  composed 
■of  round  or  spindle-celled  tissue,  with  which  is  mixed  striped  muscle 
in  the  form  either  of  elongated  cells  or  cylinders.  The  tumour  is 
probably  congenital  in  its  origin,  being  only  met  with  in  very  young 
children  (under  eighteen  months).  It  grows  rapidly  and  is  usually 
bilateral.  The  view  of  Cohnheim  is  probably  correct,  that  the 
tumours  arise  by  foetal  inclusion.  The  first  rudiment  of  the  uro- 
genital organs  is  close  to  the  proto-vertebrse,  and  it  seems  probable 
that  some  of  the  germinal  muscle  cells  from  the  latter  have  been 
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included  with  the  cells  forming  the  rudiments  of  the  kidney,  and 
have  afterwards  formed  the  tumours.  Metastasis  has  been  observed, 
and  in  one  case  the  secondary  tumours  contained  muscle. 

Primary  cancer. — This  tumour  is  usually  unilateral,  although  there 
have  been  cases  of  bilateral  cancer.  The  tumour  is  in  most  cases 
virtually  a  cancerous  degeneration  of  the  organ.    The  kidney  may 


Fig.  454.— A  uriniferous  tubule  at  the  border  of  an  advancing  cancer.  The  epi- 
thelium is  undergoing  transformation,    x  300. 


be  completely  converted  into  a  tumour,  which  sometimes  attains  a 
very  large  size,  retaining  the  general  shape  of  the  organ  and  covered 
by  its  capsule.  The  pelvis  is 
also  usually  recognizable,  al- 
though the  cancerous  tissue 
may  have  grown  into  it.  But 
in  some  cases  only  a  part  of 
the  kidney  is  involved,  and 
in  that  case,  while  the  affected 
part  retains  the  general  shape 
of  the  organ,  although  en- 
larged, the  remaining  piece  of 
kidney  has  quite  its  normal 
appearance.  To  the  naked 
eye  it  is  as  if  a  portion  of 
kidney  were  transformed,  and 
with  the  microscope  it  can  be 
seen,  at  the  margin  of  normal 
and  pathological,  that  the  tum- 
our is  advancing  by  a  conver- 
sion of  the  proper  kidney 
tissue.  The  epithelium  of  the 
tubules  is  multiplying  so  as  to 
form  the  cancerous  epithelium, 
and  is  becoming  irregular  in 
form  (Fig.  454),  while  the  can- 
cerous stroma  is  being  formed  of  the  connective  tissue  of  the  organ. 
A  rare  form  of  cancer  of  the  kidney  is  that  illustrated  in  Fig.  455. 


Fig.  455.— Unusual  form  of  cancer  of  kidney. 
There  is  a  rounded  tumour  at  the  upper  end.  (From 
a  painting  by  Dr.  A.  Macphail.) 
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Here  an  isolated  tumour  has  formed  instead  of  the  usual  transforma- 
tion of  the  kidney  tissue. 

In  regard  to  the  form  of  cancer,  there  are  some  cases  in  which 
the  structure  has  been  that  of  the  cylinder-celled  epithelioma,  in 
others  more  that  of  ordinary  cancer.    A  partial  colloid  transformation 
has  been  observed  in  a  few  cases.    Whatever  the  form  the  tissue  ! 
seems  to  originate  from  the  kidney  structures. 

The  tumour  is  usually  very  soft,  but  it  is  generally  confined 
within  the  capsule  of  the  kidney.  If  it  passes  beyond  the  capsule 
it  does  so  more  readily  into  the  retro-peritoneal  tissue  than  to  the 
peritoneum,  and  it  may  thus  extend  along  the  wall  of  the  trunk 
into  the  pleura. 

The  growing  tumour  not  infrequently  extends  into  the  pelvis  of 
the  kidney  and  the  renal  veins.  Hence  arise  hematuria  on  the  one 
hand,  and  thrombosis  of  the  veins  on  the  other.  The  thrombosis 
may  be  very  extensive,  the  clot  propagating  itself  in  various 
directions. 

In  a  case  observed  by  the  author  there  was  a  very  extensive  thrombosis, 
involving  the  veins  of  both  legs.  In  another  case  cancerous  elements  were 
present  in  the  thrombus,  and  some  of  these  had  been  conveyed  to  the  lungs ; 
they  were  detected  along  with  the  clot  inside  the  pulmonary  artery,  embolism 
having  occurred. 

Secondary  tumours. — Metastatic  tumours  are  not  frequent  in  the 
kidneys.  Cancers  and  Sarcomas  occur.  Melanotic  sarcoma  also 
occurs. 

Malignant  lymphoma  and  Leukaemic  tumours  are  perhaps  the 
commonest.    As  seen  with  the  naked  eye,  they  form  rounded  tumours 
affecting  the  cortex  chiefly,  and  causing  great  enlargement.  Under 
the  microscope  they  present  round-celled  tissue  infiltrated  between  j 
the  tubules. 

Literature. — Cysts — Kayek,  Traite  des  malad.  des  reins,  hi. ;  Virchow,  Ges.  i 
Abhandl.,  871;  Eve,  Path,  trans.,  xxxi.,  164,  1880;  Pye-Smith,  ibid.,  xxxii.,  1881, 
and  xxxvi.,  1885 ;  Thorn,  Beitr.  zur  Genese  d.  Cystenniere,  1882  ;  Kennedy,  (with 
literature)  Laboratory  Kep.,  Edinburgh,  hi.,  1891 ;  Kitchie,  (summaries  of  cases)  J 
ibid.,  iv.,  1892;  Ewald,  Verhandl.  d.  Berlin  Med.  Gesellsch.,  xxii.  and  xxiii.;  von 
Kalhden,  Ziegler's  Beitr.,  xiii.,  1893.  Adenoma — Sturm,  Archiv.  d.  Heilk.,  1875; 
Weichselbaum  u.  Greenish,  Oest.  Med.  Jahrb.,  1883;  Gkawitz,  Virch.  Arch.,  xciii., 
1883;  Marchand,  ibid.,  xcii.,  1883.  Sarcoma — Dickinson,  1.  c. ;  Newman,  1.  c. 
Myosarcoma — Cohnheim,  Virch.  Arch.,  lv.,  1872,  and  lxv.,  1875  ;  Eve,  Path,  trans., 
xxxiii.,  1882 ;  Williams,  ibid.  ;  Bibbert,  Virch.  Arch.,  cvi.,  1886.  Cancer — Wal- 
deyer,  Virch.  Arch.,  lxi.  and  lxiv.,  1875;  Pereverseff,  ibid.,  lix.,  1874;  Ebstein, 
D.  Arch.  f.  klin.  Med.,  xxx. ;  Gairdner  and  Coats,  Glasg.  Med.  Jour.,  iiL,  1871; 
Brodeur,  Affections  du  Bein,  1886,  p.  170 ;  Newman,  1.  c. 
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XII.  — PARASITES  IN  THE  KIDNEY. 

The  Echinococcus  is  of  occasional  occurrence,  sometimes  along  with 
a  simultaneous  hydatid  cyst  of  the  liver.  There  is  here,  as  in  the 
liver,  a  large  mother  cyst  surrounded  by  a  distinct  connective-tissue 
capsule,  and  containing  the  usual  daughter  cysts  and  brood-capsules. 
The  cyst  not  infrequently  bursts  into  the  pelvis  of  the  kidney,  and 
the  daughter  cysts  and  heads  may  be  evacuated  by  the  urine.  Some- 
times by  obstructing  the  ureter  they  lead  to  hydronephrosis.  Rupture 
also  occurs  into  the  pleura. 

Sometimes  the  parasite  dies,  and  the  cyst  comes  to  be  occupied 
by  a  pultaceous  material  in  which  the  remains  of  the  laminated 
membrane  are  found  (Fig.  456).     The  stratified  character  of  this 


Fig.  456. — Section  of  a  stratified  chitinous  membrane  from  an  old  hydatid  cyst  of 
kidney,    x  90. 


membrane  is  here,  as  in  the  case  of  the  liver,  of  assistance  in 
distinguishing  the  nature  of  the  cyst,  especially  as  all  other  trace  of 
the  parasite,  even  the  hooklets,  may  have  disappeared.  The  kidney 
tissue  may  be  considerably  opened  up  and  pushed  aside  by  this 
parasite. 

The  Filaria  sanguinis  occurs  probably  in  the  adult  form  in  the 
lymphatic  vessels  of  the  kidney.  The  embryoes  have  been  met  with 
in  the  parenchyma  of  the  kidney  and  in  the  Chylous  urine,  which 
is  the  result  of  the  presence  of  the  parasite  (see  p.  398). 

Literature. — Komestau,  Des  Kystes  hyclatiques  des  reins,  1881;  Barker,  Cystic 
entozoa  of  human  kidney,  1856;  Manson,  Filaria  sang.,  1883;  Lewis,  Memoirs, 
1888. 

B. — The  Urinary  Bladder. 

1.  Congenital  malformations. — These  are  chiefly  represented  by 
Extroversion  of  the  bladder,  already  described  at  page  55,  and 
Persistence  of  the  urachus,  which  is  a  minor  degree  of  a  similar 
malformation. 

3  Q 
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2.  Perforation  and  Rupture  of  the  bladder. — Rupture  may  be 
produced  in  various  ways.  It  may  be  by  a  direct  wound,  by  fracture 
of  the  pelvis,  by  injuries  during  parturition.  Then  ulceration  not 
infrequently  produces  perforation,  ulceration  from  stone  on  rare 
occasions,  but  most  frequently  the  ulceration  of  a  cancer. 

The  normal  urinary  bladder  may  be  ruptured  by  a  blow  or  fall 
when  it  is  distended  with  urine.  This  occurs  most  readily  in  intoxi- 
cated or  insane  persons.  The  rupture  occurs  usually  on  the  posterior 
aspect  near  the  fundus  and  into  the  peritoneum. 

These  conditions  are  important  chiefly  in  their  consequences, 
leading,  as  they  commonly  do,  to  extravasation  of  urine  and  to  the 
formation  of  fistulous  communications  with  the  surface  or  with  neigh- 
bouring canals. 

Simple  Extravasation  of  urine  is  not  in  itself  serious.  The  normal 
urine  is  a  bland  fluid,  and  it  may  flow  from  a  severed  ureter  or  a 
ruptured  bladder  into  the  peritoneal  cavity  without  producing  any 
peritonitis,  the  urine  being  absorbed  by  the  peritoneum  and  again 
excreted  by  the  kidney.  If  the  aperture  remains  open  then  the 
secreted  urine  is  not  removed,  but  passes  back  into  the  peritoneum 
to  be  re-absorbed.  In  this  way  a  vicious  circle  is  established,  and 
death  from  Uraemia  is  the  result.  The  normal  urine  does  not 
produce  an  ordinary  peritonitis,  but  it  may  lead  to  a  considerable 
serous  exudation,  and  there  are  the  general  symptoms  of  peritonitis. 

When  the  extravasated  urine  undergoes  alkaline  decomposition  it 
acquires  excessively  irritating  characters.  The  urine  being  an  ex- 
ceedingly decomposable  fluid,  and  being  kept  at  the  temperature  of 
the  body,  rapidly  decomposes  if  the  proper  organisms  find  access  to 
it.  Hence  from  rupture  into  the  peritoneum  we  may  have  violent 
acute  peritonitis,  or  from  rupture  either  of  the  bladder  or  urethra 
into  the  surrounding  connective  tissue  an  acute  suppurative  inflam- 
mation of  the  areolar  tissue  and  skin,  sometimes  with  extensive 
necrosis. 

Fistulous  openings  from  rupture  of  the  bladder  may  be  into  the 
uterus  or  vagina,  into  the  rectum,  or  to  the  cutaneous  surface. 
From  these  fistula?  the  urine  passes  involuntarily  as  it  reaches  the 
bladder,  there  being  no  sphincter  to  retain  it.  They  occur  also  as 
a  result  of  perforation  of  the  bladder  from  without,  especially  from 
the  uterus  and  vagina,  the  cause  of  perforation  being  sometimes 
cancer  of  these  parts,  sometimes  sloughing  from  injury  during 
parturition. 

3.  Dilatation  and  Hypertrophy  of  the  bladder. — A  simple  dilata- 
tion may  occur  from  a  sudden  obstruction  to  the  urethra,  or  from 
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paralysis  of  the  muscles  concerned  in  emptying  the  bladder.  In  this 
way  a  very  extreme  general  dilatation  may  result. 

Hypertrophy  of  the  muscular  coat  is  of  very  frequent  occurrence 
as  a  result  of  some  obstruction  either  at  the  neck  of  the  bladder  or 
in  the  urethra.  The  commonest  cause  is  enlargement  of  the  prostate 
leading  to  the  prominence  of  the  so  called  middle  lobe  at  the  internal 
orifice  of  the  urethra,  but  stricture  of  the  urethra  is  also  a  frequent 
cause. 

The  muscular  coat  of  the  bladder  is  in  the  form  of  bundles  of 
muscular  fibre-cells  which  run  in  special  directions.  The  muscular 
coat  is  therefore  not  a 
homogeneous  layer,  but 
more  like  a  network  of 
interlacing  bands.  It 
is  so  at  least  when  the 
bladder  is  distended,  the 
bands  coming  closer  to- 
gether as  the  bladder 
contracts.  When  hyper- 
trophy occurs  these 
bundles  increase  greatly 
in  size,  and  the  internal 
ones  raise  the  mucous 
membrane  into  elon- 
gated prominences.  As 
the  bundles  interlace, 
the  result  is  that  the 
internal  surface  of  the 
bladder  presents  a  net- 
work of  prominent  tra- 
becule which  suggest 
the  appearance  of  the 
internal   surface   of  a 

Ventricle  Of  the  heart,  as  Fig   457._Eniargement  of  prostate  and  hypertrophy  of 

shown  in  Figure  457  bladder.     The  prostate  is  traversed  by  a  false  passage, 

o      '         '  through  which  a  probe  has  been  passed. 

As  these  trabecule 
interlace,  little  spaces  are  left  between  them  in  the  form  of  small 
pouches.  Sometimes  these  pouches  undergo  considerable  enlarge- 
ment, and  we  may  have  Diverticula  formed  in  this  way.  The 
diverticulum  is  originally  formed  of  the  mucous  membrane  pushed 
out  between  the  thickened  muscular  trabecule.  When  small  it 
will  be  contained  in  the  thickened  wall  of  the  bladder  and  emptied 
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during  micturition.  But  as  it  deepens  and  projects  outside  the  wall 
of  the  bladder  it  becomes  free  of  the  muscular  coat,  and  as  it 
possesses  no  muscular  coat  of  its  own  the  effect  of  contraction  of 
the  bladder  during  micturition  will  be  to  force  the  urine  into  it, 
just  as  it  is  forced  into  the  urethra.  The  diverticulum  is  liable  in 
this  case  to  periodical  dilatation.  The  urine  also  will  stagnate  in  ! 
it,  and  if  decomposition  occurs,  then  there  will  be  inflammatory  j 
disturbances  in  the  wall  of  the  diverticulum.  New-formation  of 
connective  tissue  occurs,  and,  as  this  tissue  is  at  first  soft,  the 
recurring  dilatation  during  micturition  causes  it  to  yield,  so  that 
a  continuous  enlargement  goes  on.  The  diverticula  so  formed  are 
usually  of  small  or  moderate  dimensions,  but  cases  occur  in  which 


Fig.  458. — Large  diverticulum  of  urinary  bladder  ;  a,  bladder  with  greatly  thickened 
wall ;  e,  prostate  and  prostatic  urethra ;  b,  diverticulum  with  fibrous  wall ;  c,  aper- 
ture between  bladder  and  diverticulum  ;  d,  rectum.  (From  a  preparation  in  Museum 
of  Western  Infirmary.) 

there  is  a  large  sac,  usually  behind  the  bladder  and  communicating 
with  it  by  a  narrow  neck  (Fig.  458).  The  sac  may  be  larger  than 
the  bladder  itself,  and  it  presents  a  somewhat  thick  fibrous  wall 
with  signs  of  recent  inflammation  internally. 

In  diverticula  of  moderate  or  large  size  calculi  are  liable  to  form 
from  stagnation  of  the  urine.    Or  a  calculus  may  slip  into  such  a  ] 
pouch  and  escape  detection  with  the  sound. 

4.  Disturbances  of  the  circulation  in  the  bladder. — Passive  hyper- 
emia occurs  in  consequence  of  obstruction  in  the  veins  by  tumours 
in  the  abdomen  or  otherwise.  Sometimes  in  such  cases  the  veins 
of  the  mucous  membrane  undergo  great  dilatation  and  become  vari- 
cose,  especially  in  the  floor  of  the  bladder,  giving  rise  to  Vesical 
haemorrhoids.  The  dilated  veins  may  even  obstruct  the  orifice  of 
the  urethra,  and  there  is  sometimes  haemorrhage  from  them. 
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Haemorrhage  from  the  bladder  occurs  also  in  consequence  of  the 
irritation  of  calculi,  from  tubercular  ulcers,  from  papillary  and  can- 
cerous tumours.  There  may  be  haemorrhages  from  the  mucous 
membrane  in  scurvy,  hemorrhagic  small-pox,  etc.  There  is  some- 
times a  haemorrhage  following  catheterization,  and  probably  due  to 
the  sudden  relief  of  pressure  from  the  emptying  of  the  bladder, 
without  a  sufficient  contraction  of  the  muscular  coat.  If  the  bleeding 
into  the  bladder  be  considerable  the  blood  may  coagulate,  and  may 
be  discharged  with  some  difficulty.  Or  it  may  mix  itself  with  the 
urine,  and  no  consistent  coagulum  be  formed. 

5.  Inflammation  of  the  bladder.  Cystitis. — This  occurs  as  a  con- 
sequence of  various  kinds  of  irritation.  Stone  may  produce  it,  and 
the  extension  of  gonorrhoea,  but  by  far  the  most  frequent  cause  of 
it  is  alkaline  decomposition  of  the  urine. 

The  decomposition  is  clue  to  the  introduction  of  microbes  and 
their  propagation  in  the  contents  of  the  bladder.  They  are  usually 
introduced  by  the  catheter.  In  a  healthy  bladder  such  introduction 
may  produce  no  effect,  the  growth  of  the  microbes  being  inhibited 
by  the  normal  mucous  membrane.  In  cases  of  paralysis  of  the 
bladder,  or  of  dilatation,  especially  when  combined  with  a  certain 
amount  of  inflammation,  the  microbes  multiply.  This  is  particularly 
the  case  when  there  is  stagnation  of  the  urine,  and  the  bladder 
has  to  be  relieved  at  intervals  by  catheterization.  The  bacteria 
may  find  other  means  of  entrance,  as  by  fistulous  openings.  It  is 
not  impossible  that  in  the  case  of  the  short  female  urethra  they 
may  propagate  along  that  passage  from  the  vagina. 

The  products  of  decomposition  produce  the  usual  inflammatory 
manifestations  with  various  degrees  of  violence.    In  very  acute  cases 
.     there  is  great  swelling  of  the  mucous  membrane,  it  may  be  with 
I     superficial  or  deep  sloughing.    In  more  chronic  cases  the  mucous 
membrane  gets  thickened  and  very  frequently  becomes  the  seat  of 
ulceration,  so  that  with  thickening  and  ulceration  there  is  very 
great  irregularity  of  the  surface,  sometimes  with  polypoid  projections. 
The  surface  is  occasionally  incrusted  with  phosphates  deposited  by 
the  alkaline  urine.    The  muscular  coat  is  often  thickened,  especially 
|     when  there  is  at  the  same  time  obstruction  to  the  passage  of  the 
I     urine,  and  there  is  the  usual  trabecular  appearance,  but  obscured 
by  the  thickening  of  the  mucous  membrane.     The  bladder  may 
undergo  great  contraction  in  consequence  of  chronic  inflammation, 
the  new-formed  tissue  in  the  mucous  membrane  shrinking. 

The  urine  contains  the  inflammatory  exudation  as  well  as  the 
products  of  decomposition.    In  acute  cases  there  may  be  considerable 
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quantities  of  pus.  In  more  chronic  cases  the  urine  is  thick  and 
gelatinous  like  a  mucous  secretion.  The  toughness  does  not,  how- 
ever, depend  on  the  presence  of  mucin,  but  is  occasioned  by  the 
albumen  of  the  inflammatory  exudation  being  acted  on  by  the 
alkaline  salts  in  the  urine.  It  is  well  known  that  the  presence  of 
pus  in  the  urine  may  be  detected  by  adding  an  alkali ;  the  deposit 
assumes  a  gelatinous  character.  The  pus  and  other  inflammatory 
products  in  the  bladder  are  similarly  acted  on  when  the  urine 
becomes  alkaline,  and  we  have  the  viscid  character  mentioned. 
Under  the  microscope  the  urine  presents  abundant  pus  corpuscles 
and  epithelium,  with  immense  numbers  of  bacteria  and  crystals  of 
triple  phosphates. 

Decomposition  of  the  urine  in  the  bladder  is  of  consequence,  not 
only  in  respect  that  it  leads  to  Cystitis,  but  also  that  the  decom- 
position is  liable  to  extend  upwards  and  produce  still  more  serious 
effects.  Thus  the  process  may  extend  up  the  ureters  so  as  to  produce 
one  of  those  serious  septic  conditions  of  the  pelvis  and  kidney  already 
described  (see  p.  961).  These  results  sometimes  follow  the  introduction 
of  a  catheter  so  rapidly  as  to  have  given  origin  to  the  term  Catheter 
fever,  a  clinical  designation  which  may  include  one  or  other  of  the 
conditions  described  under  the  designations,  Pyelitis,  Pyelonephritis, 
Suppurative  Nephritis,  and  Pyonephrosis. 

6.  Tuberculosis  of  the  bladder. — This  condition  is  usually  only  a 
part  of  much  more  extensive  tuberculosis.  There  is  often  a  coincident 
tuberculosis  of  the  kidney  and  ureter  (see  above).  The  vesiculae 
seminales,  vas  deferens,  and  testicle  are  frequently  affected,  and 
the  bladder  affection  is  often  due  to  propagation  from  the  testicle. 

The  tuberculosis  is  in  the  form  of  ulcers  of  the  mucous  membrane 
which  at  first  are  circular,  but  acquire  various  shapes  by  coalescence 
(Fig.  459).  The  ulcers  are  mostly  superficial  and  their  edges  very 
slightly  raised,  the  latter  having  a  pale  colour  so  that  the  ulcer  is 
surrounded  by  a  whitish  zone.  The  disease  begins  by  the  formation 
of  tubercles  in  the  mucous  membrane.  These  break  down  and  form 
ulcers,  which  continuously  extend  by  the  further  tuberculosis  of 
their  walls  and  the  breaking  down  of  the  infiltration.  The  general 
appearances  of  these  ulcers  are  very  well  shown  in  the  annexed 
figure  from  Virchow's  work  on  tumours.  Their  superficial  character 
renders  them  liable  to  be  overlooked. 

7.  Tumours  of  the  bladder. — A  few  cases  of  Fibroma  and  Myoma 
have  been  described,  but  they  are  rare. 

Papilloma  is  a  much  commoner  tumour.  This  is  met  with  for 
the  most  part  in  the  inferior  parts  of  the  bladder,  and  forms  either 


CANCER  OF  THE  BLADDER. 


983 


a  prominent  mass  with  projecting  papillae  or  else  a  surface  covered 
by  villi  (see  Fig.  460).    The  tendency  of  these  villi  to  bleed  is  an 


Fig.  459. —  Tuberculosis  of  the  bladder.  Many  round  or  serpiginous  ulcers  are 
shown.  These  are  superficial,  but  are  defined  by  their  white  edges  which  represent 
recent  tubercles.  There  are  several  white  spots,  indicating  tubercles  which  have  not 
yet  ulcerated.  (Virchow.) 


important  fact.    Sometimes  the  villi  break  down  and  an  ulcer  forms. 
In  any  case  they  discharge  abundant  epithelium,  which  is  to  be  found 
in  the  urine,  and  is  not  to  be  taken  as  evidence 
of  the  existence  of  cancer. 

Cancer  of  the  bladder  is  mostly  met  with  in 
the  form  of  villous  cancer.  The  surface  is  like 
that  of  the  Papilloma,  but  the  wall  of  the 
bladder  beneath  the  villi  is  infiltrated  with  the 
cancerous  structures.  In  some  cases  the  struc- 
ture gives  way  and  a  cancerous  ulcer  with 
raised  edges  is  the  result.  There  are  also 
cancers  without  any  villous  projections  of  the 
surface.     These  may  form  very  insignificant 

tumours  and  yet  lead  to  very  wide-spread  secondary  extension.  The 
cancer  may  extend  to  neighbouring  structures,  but  it  is  much 
more  common  for  a  cancer  originating  in  the  uterus  or  rectum 
to  extend  into  the  bladder  than  for  the  reverse  process  to  occur. 


Fig.  460.— Papilloma  of 
bladder.  A  limited  area  is 
covered  with  shaggy  villi. 
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We  have  already  seen  that  fistulous  communications  occur  in  this 

way- 
Cysts  have  been  found,  especially  in  the  posterior  wall  of  the 

bladder. 

8.  Parasites. — If  we  except  the  microbes  already  referred  to, 
parasites  in  the  bladder  are  of  secondary  importance.  The  echino- 
coccus  may  burst  into  the  pelvis  of  the  kidney,  and  portions  of 
the  j)arasite  pass  into  the  bladder.  Ascarides  and  oxyurides  have 
been  found  to  wander  into  the  bladder.  The  distoma  haematobium, 
by  the  penetration  of  its  ova,  produces  considerable  irritation  and 
haemorrhage. 

Sarcinae  have  been  found  in  the  urine  in  cases  of  inflammation 
of  the  bladder,  but  very  rarely. 

9.  Concretions  and  Calculi  in  the  bladder. — The  most  frequent 
constituents  of  urinary  calculi  are  phosphates,  uric  acid  and  oxalate 
of  lime.  Phosphates  are  precipitated  from  alkaline  urine,  uric  acid 
and  oxalate  of  lime  from  acid  urine.  Phosphates  are  deposited 
abundantly  when  urine,  after  being  passed,  undergoes  its  usual 
alkaline  decomposition  ;  uric  acid  and  oxalates  are  thrown  down  in 
crystals  when  the  urine,  at  the  time  of  evacuation  or  afterwards,  is 
unduly  acid,  the  deposition  of  oxalates  occurring  usually  some  time 
after  the  urine  has  been  passed,  so  that  this  precipitate  often,  as 
it  were,  powders  the  surface  of  other  deposits. 

Inside  the  bladder  or  the  pelvis  of  the  kidney,  phosphates  may 
be  deposited  because  of  undue  alkalinity,  especially  in  the  case  of 
alkaline  decomposition  of  the  urine.  These  often  form  an  external 
coating  on  other  stones  when,  from  decomposition,  the  urine  has 
become  alkaline.  Phosphates  are  also  frequently  deposited  on 
foreign  bodies  which  have  found  their  way  into  the  bladder. 

The  precipitation  of  Uric  acid  and  Oxalate  of  lime  seems  some- 
times due  to  their  excess  in  the  urine.  This  applies  especially  to 
the  oxalates,  there  being  individuals  in  whom  an  excess  of  oxalate 
of  lime  is  almost  always  present  in  the  urine  (oxalic  acid  diathesis). 
But  in  both  cases  the  substances  are  deposited  from  an  acid  urine, 
and  in  the  case  of  uric  acid  it  must  be  strongly  acid.  The  cause  of 
this  abnormal  acidity  is  not  always  clear.  In  some  cases  it  may  be 
due  to  excessive  development  of  acid  in  the  stomach. 

The  formation  of  calculi  of  uric  acid  and  oxalate  of  lime  seems  always 
to  begin  in  the  kidney,  and  even  in  some  cases  in  the  uriniferous  tubules. 
In  the  tubules  and  in  the  pelvis  it  is  common  to  find  small  concretions 
of  uric  acid,  forming  the  so-called  Sand  and  gravel,  composed  of  aggre- 
gates of  uric  acid  crystals,  usually  rounded  in  shape  and  of  a  brownish 
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red  colour.  There  may  even  be  large  concretions  of  uric  acid  in  the 
pelvis  of  the  kidney.  In  connection  Avith  the  formation  of  the  uric 
acid  and  oxalate  calculi  it  is  interesting  to  observe  that  the  two 
bodies  are  often  combined  in  one  calculus,  the  mulberry  stone  especi- 
ally having  frequently  a  nucleus  of  uric  acid,  and  perhaps  layers  of  it 
alternating  with  the  oxalate  of  lime. 

Forms  of  calculi. — We  give  here  a  brief  description  of  the  different 
forms  of  calculi,  with  an  indication  of  the  chemical  methods  for 
determining  their  constitution.  As  a  rule  it  is  convenient  to  have 
the  calculus  sawn  through  the  middle  with  a  lapidary's  saw,  so  that 
the  arrangement  of  its  layers  and  the  characters  of  its  nucleus  may 
be  seen. 

1.  The  uric  acid  calculus.  This  is  usually  a  small  oval  stone,  with 
rounded  prominences  regularly  distributed  over  the  surface.  The 
colour  varies  from  a  light  fawn  to  a  deep  brick,  red.  It  is  heavy  for 
its  size,  and  of  hard  consistence.  Uric  acid  is  insoluble  in  water 
and  dilute  acids,  but  very  soluble  in  caustic  alkalies  and  weak  solu- 
tions of  alkaline  carbonates.  A  convenient  test  is  the  murexid 
reaction.  A  fragment  of  the  calculus  is  treated  with  a  drop  of 
strong  nitric  acid  and  heated.  Effervescence  occurs,  and  the  heat 
is  continued  till  a  dry  yellowish  red  residue  remains.  When 
caustic  ammonia  is  added  to  the  residue  a  bright  violet  red  hue  is 
developed. 

Calculi  formed  of  urates  are  rare,  the  salts  being  urates  of  ammonia 
and  magnesia.  They  are  small  soft  concretions  formed  in  the  kidney, 
and  are  distinguished  by  their  solubility  in  boiling  water.  They 
hardly  deserve  to  be  reckoned  among  the  vesical  calculi. 

2.  The  Oxalate  of  lime  or  Mulberry  calculus.— Sometimes  small 
stones  are  discharged  as  gravel,  forming  smooth,  round,  greyish  balls 
like  hemp  seeds.  The  calculus  proper  is  mostly  of  an  irregularly 
spherical  shape,  tuberculated  on  the  surface  like  a  mulberry,  and  of 
a  greyish  or  nearly  black  colour.  On  section  it  is  seen  to  be  in 
layers,  some  of  the  latter  generally  composed  of  uric  acid,  which  usually 
forms  the  nucleus.  The  calculus  contains  abundant  organic  material 
which  holds  the  colouring  matter,  so  that  when  the  oxalate  of  lime  is 
dissolved  out  the  organic  basis  often  retains  the  shape  of  the  calculus. 
Oxalate  of  lime  is  insoluble  in  the  alkaline  carbonates  and  organic 
acids,  but  soluble  in  nitric  and  hydrochloric  acids.  If  a  fragment  be 
heated  on  a  piece  of  platinum  before  the  blow-pipe  it  becomes  black, 
swells  up  and  leaves  a  bulky  white  ash  of  caustic  lime  which  gives 
a  strong  alkaline  reaction  with  litmus. 

3.  The  Basic  phosphate  of  lime  calculus. — This  form  is  very  rare. 
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It  occurs  as  comparatively  small  yellowish  or  greyish  white  stones, 
rather  hard  and  smooth  on  the  surface. 

4.  The  Mixed  or  Tribasic  phosphatic  calculus  is  very  common,  at 
least  many  calculi  are  partly  formed  of  phosphates,  although  few  are 
so  entirely.  The  phosphates  are  deposited  from  alkaline  urine  as  a 
light,  bulky,  white  substance,  which  is  commonly  very  brittle.  The 
salts  are  insoluble  in  water  and  alkalies,  but  are  very  soluble  in  acids. 
When  a  fragment  is  heated  in  the  blow-pipe  flame,  the  salts  melt 
and  form  a  hard  enamel ;  hence  this  form  is  often  called  the  Fusible 
calculus. 

5.  The  Carbonate  of  lime  calculus  is  rare.  It  forms  small,  round, 
soft  stones.  The  salt  dissolves  with  effervescence  on  adding  an  acid, 
leaving  an  organic  matrix  of  the  shape  of  the  stone. 

6.  The  Cystine  calculus. — This  occurs  only  in  persons  who  are 
subjects  of  Cystinuria.  It  appears  as  if,  by  a  congenital  derange- 
ment of  the  nutritive  processes,  such  persons  form  cystine,  to  a 
certain  extent  probably  in  place  of  uric  acid  ;  and  this  peculiarity 
occurs  frequently  in  several  members  of  the  same  family.  The  urine, 
continuously  or  frequently,  contains  flat  hexagonal  crystals  of  cystine, 
and  these  may  be  already  present  in  the  urine  at  the  time  of  evacu- 
ation, or  may  be  deposited  after  the  urine  has  stood  for  a  time. 
The  cystine  may  begin  to  be  deposited  in  the  uriniferous  tubules 
so  that  calculi  are  formed  in  the  pelvis  of  the  kidney,  or  it  may  be 
deposited  in  the  bladder.  The  stones  are  oval  in  shape  and  have 
a  waxy  consistence.  The  surface  is  brownish  or  greenish  yellow  in 
colour,  and  crystals  can  often  be  separated  from  it.  The  stone  may 
be  buried  in  a  shell  of  phosphates.  Cystine  is  soluble  in  alkalies, 
mineral  acids,  and  oxalic  acid. 

7.  Xanthine  calculi  are  exceedingly  rare.  The  substance  is  allied 
to  uric  acid,  and  the  stones  are  like  those  of  uric  acid  but  of  a 
redder  colour.  On  applying  the  murexid  test  to  a  fragment  of  such 
a  stone,  it  is  found  to  dissolve  in  nitric  acid  but  without  effervescence ; 
the  addition  of  ammonia  gives  an  orange  colour. 

Literature. — Rupture—  Kivington,  (with  literature)  Eupt.  of  urinary  bladder, 
1884;  Coats,  Brit.  Med.  Jour.,  1894,  ii.,  121.  Cystitis — Ebstein,  Ziemssen's 
Handb.,  ix.  ;  Du  Mesnil,  (gonorrheal  infl.)  Virch.  Arch.,  cxxvi.,  1891.  Tuber- 
culosis— Krzywicky,  Ziegler's  Beitr.,  iii.,  1888;  Chavasse,  Etude  sur  la  tub.  des 
org.  urinaires,  1872;  Voisin,  Bull,  de  la  soc.  anat.  de  Paris,  xlix.,  1874.  Tumours — 
Thompson,  Tumours  of  bladder,  1884;  Kttster,  Volkmann's  klin.  Vortr.,  267,  268, 
1886 ;  Albanan,  Turn,  de  la  vessie,  1892 ;  Cahen,  (cystadenoma,  cancer)  Virch. 
Arch.,  cxiii. ;  Tschtstowitsch,  (growth  of  papilloma)  ibid.,  cxv. 
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DISEASES  OF  THE  URETHRA. 

Injuries  to  the  urethra  are  chiefly  important  on  account  of  their 
tendency  to  lead  to  stricture.  Falls  on  the  perinseum  when  suffi- 
ciently severe  to  fracture  the  pelvis,  usually  cause  rupture  of  the 
urethra.  This  is  followed  by  extravasation  of  urine,  which  may  lead 
to  serious  results.  In  case  of  recovery  the  wound  in  healing  draws 
together,  and  leads  to  stricture,  which  may  even  amount  to  obliter- 
ation of  the  canal. 

Injuries  are  also  frequently  inflicted  from  within  by  the  passage 
of  bougies  and  catheters. 

Inflammations.— The  most  frequent  form  is  Gonorrhoea  which  we 
have  seen  to  result  from  the  action  of  the  gonococcus  (p.  333).  The 
mucous  membrane  in  the  acute  stage  is  red  and  swollen,  and  there 
is  a  purulent  discharge,  mixed  with  blood.  The  inflammation  some- 
times extends  to  the  surrounding  connective  tissue  or  to  the  spongy 
tissue  of  the  penis.  There  may  be  abscesses  so  formed,  and  in  some 
cases  a  thrombo-phlebitis  occurs,  with  resulting  pysemia.  It  may 
also  extend  to  the  bladder.  The  acute  stage  passes  off  and  usually 
leaves  a  chronic  inflammation  which  frequently  results  in  stricture. 

Other  forms  of  inflammation  are  rare.  There  may  be  a  simple 
catarrh,  especially  in  the  female  urethra,  propagated  probably  from 
the  vagina. 

Stricture. — Obstruction  of  the  urethra  occurs,  as  we  have  seen,  in 
consequence  of  injuries.  As  it  is  mostly  the  membranous  part  of 
the  urethra  which  is  torn,  the  resulting  stricture  has  its  seat  there. 

Enlargement  of  the  prostate  is  a  cause  of  obstruction,  but  scarcely 
of  stricture  of  the  urethra  (see  under  Diseases  of  the  male  organs). 

Gonorrhoea  is  the  most  frequent  cause.  The  chronic  inflammation, 
which  so  frequently  remains  after  the  acute  stage  of  gonorrhoea, 
commonly  concentrates  itself  in  the  most  dependent  part  of  the  canal, 
which  is  the  point  of  union  between  the  membranous  and  spongy 
portions  or  the  first  part  of  the  spongy  portion.  Here  the  mucous 
membrane  remains  swollen,  and,  as  the  chronic  inflammation  con- 
tinues, connective  tissue  is  formed,  both  in  the  mucous  membrane 
and  for  some  distance  around.  The  new-formed  tissue  is,  as  in  other 
cases  of  chronic  inflammation,  dense,  and  possesses  a  tendency  to 
contract.  Its  contraction  narrows  the  canal,  which  may  be  found 
embedded  in  an  exceedingly  dense,  almost  cartilaginous  tissue. 
There  is  seldom  an  actual  obliteration  of  the  canal,  such  as  occurs 
more  readily  in  traumatic  stricture. 

In  cases  of  stricture  False  passages  are  frequently  formed  by  the 
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catheter.  These  have  their  aperture  near  the  stricture,  and  after 
burrowing  through  beneath  the  mucous  membrane,  either  join  the 
urethra  on  the  proximal  side  or  pass  on  to  the  neck  of  the  bladder 
before  forming  a  communication. 

The  urethra  is  dilated  on  the  proximal  side  of  the  stricture,  and 
this  dilatation  may  be  propagated  to  the  bladder,  and  sometimes  to 
the  ureters  and  pelvis  of  the  kidney.  Sometimes  the  dilatation  of 
the  urethra,  by  widening  the  neck  of  the  bladder,  causes  paralysis  of 
the  sphincter.  Hypertrophy  of  the  bladder  is  a  common  result  of 
stricture. 

Tumours  are  very  rare  in  the  urethra.  Carunculse  are  limited 
polypoid  outgrowths  from  the  mucous  membrane,  of  very  rare  oc- 
currence. Tuberculosis  occurs  in  association  with  the  same  disease 
of  the  bladder,  prostate  and  vesicular  seminales.  Cancer  is  met 
with  chiefly  in  the  deep  parts  of  the  urethra  by  propagation  from 
prostate  or  bladder,  and  in  the  distal  parts  by  propagation  from  the 
glans  penis. 


989 


SECTION  IX. 
DISEASES  OF  THE  GENERATIVE  ORGANS. 

Hermaphroditism,  implying  co-existence  of  both  sexes,  chiefly  a  Pseudo-herma- 
phroditism  in  various  forms. 

Subsection  I. — Diseases  of  Female  Organs. 

A.  Uterus,  Vagina,  Fallopian  Tubes,  and  Ovaries. — I.  Malformations— 1.  Defective 

formation.  2.  Duplicity  of  uterus  and  vagina.  II.  Displacements  of  Uterus — 
1.  Prolapse  or  descent.     2.  Prolapse  of  vagina.     3.  Inversion  of  uterus. 

4.  Flexions  and  versions.  5.  Other  displacements.  III.  Thrombosis  and 
Haemorrhage.  IV.  Atrophy,  Hypertrophy,  and  Dilatation  of  Uterus.  V. 
Inflammations — 1.  Of  the  uterus,  (a)  Endometritis,  (b)  Metritis;  2.  Around 
the  uterus,  (a)  Salpingitis,  {b)  Perimetritis,  (c)  Oophoritis,  (cZ)  Parametritis. 
(Puerperal  fever.)  VI.  Extra-uterine  pregnancy,  chiefly  tubal.  VII. 
Syphilis  and  Tuberculosis.  VIII.  Tumours  of  uterus.  1.  Myoma,  2.  Cancer, 
3.  Sarcoma,  4.  Polypi  and  Adenomata.  IX.  Tumours  of  ovaries  and  broad 
ligament — Introduction,  1.  Simple  cysts,  2.  Colloid  ovarian  cystoma,  3. 
Papillomatous  cysts  of  ovary,  4.  Cysts  of  broad  ligament  and  Parovarium, 

5.  Dermoid  cysts,  6.  Cancer,  7.  Sarcoma.    (Tubo-ovarian  cysts.) 

B.  Foetal  membranes  and  placenta.  —  1.  Affections  of  decidua.    2.  Hydatid  mole. 

3.  Diseases  of  placenta. 

C.  Mammary  Gland. — I.    Malformations,    Inflammations,   etc.     II.  Tumours. 

1.  Adenoma  and  Fibroma,  2.  Myoma,  3.  Sarcoma,  4.  Cancer  in  various 
forms,  5.  Cysts.    III.  Parasites. 

Subsection  II. — Diseases  or  Male  Organs. 

A.  Testicle  and  Tunica  vaginalis. — 1.  Malformations  and  Misplacements,  2. 
Inflammations,  3.  Syphilis,  4.  Tuberculosis,  5.  Tumours,  including  cysts, 
sarcomas,  enchondromas,  and  others,  6.  Hydrocele,  7.  Spermatocele. 

B.  Penis,  Scrotum,  and  Prostate. — Their  various  diseases. 

HERMAPHRODITISM. 

THIS  name  implies  the  union  of  the  two  sexes  in  the  same 
individual.  So  far  as  the  internal  organs  are  concerned  such 
a  condition  is  rendered  possible  by  the  fact  that  in  every  fcetus  the 
embryonic  structures  for  both  sexes  are  present  at  a  certain  period 
of  development ;  the  Wolffian  ducts  go  to  form  the  male,  and  the 
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Miilierian  ducts  the  female  organs.  It  is  by  the  subsequent  retro- 
gression of  one  of  these  and  the  preponderance  of  the  other  that 
the  sex  of  the  child  is  determined.  Though  the  proper  glands  are  \ 
scarcely  represented  in  the  opposite  sex,  yet  the  gland-ducts  or 
passages  are  preserved  as  rudiments.  Thus  in  the  female  the  paro- 
varium represents  the  epididymis,  whilst  in  the  male  the  hydatid  of 
Morgagni  represents  the  Fallopian  tube  and  the  vesicula  prostatica 
the  uterus. 

A  True  hermaphroditism,  in  which  ovary  and  testicle  are  both  , 
represented  in  the  same  individual,  is  possible,  and  cases  have  been 
recorded  in  which  on  both  sides  both  of  these  glands  have  been 
present,  one  or  other  of  them,  however,  generally  ill-developed.  This 
would  form  a  true  Bilateral  hermaphroditism.  On  the  other  hand, 
there  may  be  a  testicle  on  one  side  and  an  ovary  on  the  other,  forming 
a  true  Lateral  hermaphroditism.  It  is  necessary,  however,  in  such  cases 
to  be  careful,  and  not  to  conclude  that  an  organ  is  testis  or  ovary  from 
its  mere  position,  but  to  subject  it  to  microscopic  examination. 

Pseudo-hermaphroditism  is  more  common.  In  it  the  existence  of 
testicles  or  ovaries  determines  the  sex  to  be  male  or  female,  but 
other  parts  are  developed  so  as  to  resemble  those  of  the  opposite 
sex,  and  so  produce  an  apparent  combination. 

In  Male  pseudo-hermaphroditism  the  testicles  are  present,  but  the 
other  structures,  in  whole  or  in  part,  resemble  those  of  the  female. 
Three  combinations  are  distinguished. 

(a)  Complete  male  pseudo-hermaphroditism  is  the  condition  in  which, 
while  the  glands  are  the  testes,  all  the  remaining  organs,  both  internal 
and  external,  resemble  those  of  the  female.    This  arises  by  a  per- 
sistence of  Midler's  ducts  and  an  imperfect  closure  of  the  urethra. 
It  may  here  be  remarked  that  as  the  external  generative  organs  \ 
arise  from  the  same  foetal  structures  in  both  sexes,  they  cannot 
really  represent  both  the  female  and  the  male  sexes  in  the  same 
person.    But  as  the  male  organs  present  as  it  were  a  further  develop-  I 
ment,  chiefly  consisting  in  enlargement  of  the  clitoris  and  closing  in 
of  the  urinary  passage  to  form  a  urethra,  we  may,  by  arrest  of  I 
development,  have  more  or  less  of  an  approach  to  the  condition  of 
the  female  organs. 

(b)  Internal  male  pseudo-hermaphroditism  comprises  cases  in  which 
the  external  organs  are  those  of  the  male  and  the  testes  are  present, 
but  from  the  prostatic  urethra  a  canal  arises  which  represents  an 
elementary  vagina  with  a  uterus  at  its  extremity,  sometimes  with 
Fallopian  tubes.  The  uterus  may  be  of  the  regular  form  but  small, 
or  it  may  be  two-horned,  or  with  one  horn  and  a  Fallopian  tube. 


HERMAPHRODITISM. 


991 


W e  have  already  seen  that  the  vesicula  prostatica  is  the  representative 
in  the  male  of  the  vagina  and  uterus,  and  the  condition  we  are  now 
considering  is  an  exaggeration  of  that  pouch  due  to  an  unusual 
persistence  of  the  lower  part  of  Midler's  ducts.  There  may  be  all 
degrees  of  this  persistence,  but  the  case  is  not  one  of  pseudo- 
hermaphroditism unless  there  is  something  that  can  be  called  a  vagina 
and  uterus,  even  if  very  rudimentary. 

(c)  External  male  pseudo-hermaphroditism  is  characterized  by  the 
external  organs  presenting  the  characters  of  those  of  the  female 
while  the  entire  internal  organs  are  those  of  the  male.  The  cases 
are  to  be  excluded  in  which  there  is  simply  an  opening  up  of  the 
urethra  (hypospadias)  from  arrest  ^f  development.  There  must,  in 
addition,  be  an  approach  in  the  form  of  the  organs  to  those  of  the 
female.  At  the  same  time  the  general  form  of  the  body  is  that  of 
the  female.  Several  such  cases  have  been  married  as  females,  and 
the  true  sex  only  discovered  afterwards,  -  even  as  late  as  the  death 
of  the  person. 

Female  pseudo-hermaphroditism  is  of  much  more  rare  occurrence 
than  male,  and  is  susceptible  of  similar  division.  In  all  these  forms 
there  are  ovaries,  and  the  variations  are  in  the  other  organs. 

(a)  Complete  female  pseudo-hermaphroditism  presents  the  male  form 
of  the  external  organs  as  well  as  a  portion  of  the  male  internal 
organs,  while  the  ovaries  are  the  glands  present.  In  one  case  the 
male  organs  were  complete  as  far  as  the  prostate,  but  from  this 
sprang  vagina,  uterus,  and  Fallopian  tubes. 

(b)  Internal  female  pseudo-hermaphroditism  is  that  in  which,  with 
well-developed  female  organs  both  external  and  internal,  there  are 
male  organs  present  from  the  persistence  of  the  Wolffian  ducts,  tubes 
passing  from  the  parovarium  to  the  uterus  or  vagina.  This  condition  is 
excessively  rare,  although  in  ruminating  animals  it  is  a  normal  condition. 

(c)  External  female  pseudo-hermaphroditism  is  the  form  in  which  the 
external  parts  have  the  characters  of  the  male  while  the  internal 
have  those  of  the  female.  It  will  be  understood  that  an  elongation 
of  the  clitoris  will  cause  the  parts  to  approach  to  those  of  the  male. 
Some  cases  present  nothing  more  than  this,  while  there  are  others 
in  which  there  is  a  distinct  penis,  and  the  opening  of  the  vagina  is 
narrow  and  concealed.  The  name  hermaphrodite  can  hardly  be 
applied  unless  there  is,  as  well,  a  type  of  body  approaching  that  of 
the  male.  A  case  is  recorded  in  which  the  real  sex  was  only  sus- 
pected when  the  person  became  pregnant. 

Literature. — Forster,  Missbild.  des  Menschen,  1861 ;  Gunther,  Commentatio 
de  Hermaphroditismo,  1846. 
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Subsection  I.— DISEASES  OF  THE  FEMALE  GENERATIVE 

ORGANS. 

Introductory. — The  female  organs  are  specially  liable  to  disease 
from  their  functional  relations.  At  the  times  of  menstruation  and 
pregnancy  changes  occur,  some  of  which,  although  strictly  physiological, 
border  on  the  pathological.  The  anatomical  relations  of  the  internal 
organs  of  generation  in  the  female  have  also  to  be  taken  carefully 
into  account  in  connection  with  the  changes  in  position  to  which 
the  uterus  is  especially  liable. 

A.— -Uterus,  Vagina,  Fallopian  Tubes,  and  Ovaries. 
I.  — MALFORMATIONS. 

In  treating  of  this  subject  it  is  necessary  to  bear  in  mind  that  the 
internal  and  external  organs  have  separate  developmental  origins,  and 
that  the  malformations  of  the  one  may  have  no  connection  with  those 
of  the  other. 

1.  Defective  formation  of  the  female  organs. — Defects  of  various 
kinds  are  met  with  both  in  the  internal  and  external  parts.  The 


Fig.  461. — Rudimentary  uterus.   (Graily  Hewitt  from  Kussmaul.) 


ovaries  may  be  wanting  or  may  remain  rudimentary.  The  uterus 
may  be  wanting,  and  with  it  the  Fallopian  tubes ;  or  it  may  be 
quite  rudimentary  (Fig.  461),  presenting  perhaps  a  solid  rudiment, 
or  merely  two  diverging  horns.  With  this  the  vagina  is  often 
defective.  Then  the  uterus  may  retain  in  the  adult  the  foetal  or 
infantile  form.  Again,  the  uterus  or  vagina  may  be  imperforate,  or 
the  hymen  imperforate.  There  are  also  various  defects  of  the  external 
organs,  as  absence  of  the  vulva,  the  vagina  and  urethra  opening  by 
a  small  aperture  in  the  region  which  the  vulva  should  occupy.  The 
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hymen  may  be  absent,  or  it  may  present  fimbriated  processes  some- 
times so  large  as  to  project  externally. 

The  Uterus  unicornis  occurs  when  one  Midler's  duct  is  ill-developed. 
The  uterus  is  a  long  thin  structure  which  curves  to  one  side,  while 
the  other  horn  is  absent  or  rudimentary  (Fig.  462). 


Fig.  462. — Uterus  unicornis.  The  parts  are  viewed  from  behind,  and  the  distended 
bladder  occupies  the  background.  The  right  horn  is  large,  and  runs  into  the  Fallopian 
tube  whose  fimbriated  extremity  is  shown.  There  is  no  proper  left  horn,  the 
Fallopian  tube  and  round  ligament  springing  from  the  base  of  the  right  horn. 
(Graily  Hewitt  from  Kussmaul.) 


2.  Duplicity  of  uterus  and  vagina. — The  ducts  of  Miiller  in  the 
embryo  are  destined  to  form  vagina,  uterus,  and  Fallopian  tubes, 
and  they  are  at  first  double  from  end  to  end.  The  fusion  of  the 
ducts  occurs  soon  at  their  lower  extremities  so  that  the  vagina  and 
lower  part  of  the  uterus  early  form  a  single  canal.  Up  to  the  end 
of  the  third  month,  however,  the  uterus  possesses  two  horns,  the 
subsequent  fusion  proceeding  from  below  upwards.  In  many  animals 
this  bilateral  duplicity  persists  during  life,  so  that  the  adult  uterus 
has  two  horns,  often  of  great  length.  The  duplicity  may  persist  in 
different  degrees  in  the  human  subject  presenting  various  forms. 

(a)  Uterus  separatus  didelphys  is  the  most  extreme  degree  of  dupli- 
city. The  ducts  have  remained  separate,  so  that  from  the  fimbriated 
extremities  of  the  tubes  to  the  external  orifice  of  the  vagina  there 
are  two  separate  canals.  The  canals  may  be  partially  adherent 
externally,  but  their  walls  have  not  coalesced  and  they  appear 
externally  as  two  separate  tubes.  This  malformation  does  not  occur 
except  with  other  deformities,  most  frequently  with  extensive  fission 
of  the  abdomen,  and  the  foetus  does  not  survive. 

(b)  Uterus  duplex  bicornis  (also  uterus  duplex). — In  this,  which  is  not 
I    an  uncommon  form,  there  is  externally  one  vagina,  which  may  or  may 

not  be  divided  by  a  septum,  but  there  are  two  uteri,  which  mav, 

3  R 
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however,  be  united  externally  in  their  lower  parts.  Each  uterus 
has  a  distinct  cervix  and  os,  and  each  is  capable  of  utero-gestation. 
Even  in  cases  where  the  bodies  are  completely  separated  (as  in  Fig. 
463)  the  unimpregnated  uterus  enlarges  with  the  other. 


Fig.  463. — Uterus  duplex  bicornis.  The  cavities  are  opened  from  behind.  Fcetation 
had  occurred  in  the  right,  but  the  left  had  also  enlarged.  The  hsematocele  seen 
attached  to  the  left  may  have  been  from  a  former  fcetation.  (From  a  preparation  in 
Museum  of  Western  Infirmary.) 


In  the  case  of  which  Fig.  463  is  an  illustration  death  occurred  a  fortnight 
after  delivery.  Both  organs  were  enlarged  and  almost  equally  so,  the  one  which 
had  borne  the  foetus  measuring  4|  inches  from  os  to  fundus  and  the  other  4£. 
There  had  been  a  previous  pregnancy,  and  this  had  probably  been  in  that  which 
had  not  borne  the  foetus  on  this  occasion.  This  was  inferred  from  the  fact  that 
this  uterus  had  adhesions  around  it  and  a  hsematocele  on  its  posterior  wall. 

(c)  Uterus  septus. — In  this  the  parts  appear  single  externally,  but 
the  cavity  of  the  uterus  is  divided  by  a  septum  which  may  or  may 
not  be  continued  into  the  vagina. 

(d)  Uterus  bicornis. — There  is  one  cavity  in  the  lower  part  of  the 
uterus,  but  at  the  fundus  the  parts  diverge.  In  some  cases  there 
is  a  mere  depression  in  the  middle  of  the  fundus,  so  as  to  give  the 
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•organ  somewhat  of  a  heart  shape,  in  which  case  the  term  uterus 
arcuatus  is  used,  from  the  bowed  or  bent  character  of  the  outline. 

(e)  Uterus  subseptus  is  a  form  in  which  the  uterus,  externally  single, 
is  partially  divided  within  by  a  septum. 

Literature. — Kussmaul,  Mangel,  Verkiimmerung  unci  Verdoppelung  der  Gebiir- 
mutter,  1859;  Mayrhofer,  in  Billroth's  Handb.  der  Frauenkrank.,  vol.  i.,  part  2, 
1878-82. 

II.— DISPLACEMENTS  OF  THE  UTERUS. 

The  arrangements  by  which  the  uterus  is  supported  are  of  import- 
ance to  the  understanding  of  the  displacements  of  the  organ.  In 
the  virgin  the  vagina  forms  a  tolerably  solid  column,  on  the  summit 
of  which  the  uterus  is  supported  and  so  prevented  from  descending. 
The  vagina  is  also  attached,  by  means  of  the  pelvic  fascia,  to  the 
bladder  in  front  and  the  peritoneum  behind.  The  uterus  is  further 
supported  by  its  ligaments,  and  these,  especially  the  round  ligament, 
assist  in  preventing  its  descent,  although  not  so  directly  as  the  vagina. 
As  ligaments  pass  off  from  its  lateral  aspects,  the  uterus  is  kept 
from  inclining  to  one  side  or  the  other.  While  capable  of  very 
limited  movement  from  above  downwards  and  from  side  to  side,  the 
body  of  the  uterus  is  very  movable,  within  certain  limits,  from 
before  backwards.  When  the  bladder  and  rectum  are  full  the  uterus 
will  be  tolerably  erect.  When  the  bladder  is  empty  it  will  be  in- 
clined forward,  and  a  certain  amount  of  anteversion  may  be  regarded 
as  the  normal  condition  with  an  empty  bladder. 

1.  Descent  and  Prolapse  of  the  uterus. — The  position  of  the  uterus 
is  lowered  for  the  most  part  as  a  result  of  the  loosening  of  the 
attachments  of  the  organ,  combined  frequently  with  increased  weight 
from  chronic  inflammation.  The  term  Descent  is  applied  to  a  mere 
lowering  of  the  position  of  the  uterus,  while  prolapse  implies  a  pro- 
trusion into  the  vagina,  it  may  be  as  far  as  the  vulva.  When  the 
organ  presents  outside  the  vulva  the  name  Procidentia  is  applied. 
Besides  increased  weight  of  the  organ  itself,  a  tumour  by  its  weight 
may  assist  in  dragging  it  downwards.  As  pregnancy,  with  its  various 
circumstances,  often  tends  to  loosen  the  attachments  of  the  uterus, 
prolapse  is  chiefly  met  with  in  women  who  have  borne  children. 
The  alteration  in  position  may  be  produced  suddenly  by  increased 
intra-abdominal  pressure,  as  in  raising  a  heavy  weight. 

The  vagina  must  be  inverted  in  proportion  to  the  falling-down  of 
the  uterus,  and  in  cases  where  it  is  completely  procident  the  vagina 
will  form  an  external  covering  continuous  with  the  skin  around. 
As  the  uterus  descends  it  is  held  more  by  its  posterior  than  by 
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its  anterior  attachments,  and  there  is  accordingly  a  certain  amount 
of  retroversion  along  with  the  prolapse. 

The  mucous  membrane  of  the  uterus  is  mostly  in  a  state  of  catarrh 
in  prolapse,  with  a  profuse  mucous  discharge,  and  the  organ  itself 
is  enlarged  (see  further  on).  The  mucous  membrane  of  the  inverted 
vagina  is  thickened,  and  its  epithelium,  where  exposed,  acquires 
characters  like  those  of  the  epidermis. 

2.  Prolapse  of  the  vagina. — This  occurs  mostly  in  consequence  of 
pregnancy,  and  seems  to  be  caused  by  the  walls  remaining  hyper- 
trophied  when  they  ought  to  undergo  the  regular  involution.  The 
thickened  and  loose  vagina  is  thrown  into  folds,  and  these  may 
project  outside  the  vulva.  The  prolapse  is  mostly  of  the  anterior 
wall,  and  the  urinary  bladder  is  not  infrequently  dragged  downwards 
with  it,  forming  a  Hernia  vesicae  or  Cystocele.  Much  less  common 
is  protrusion  of  the  rectum  or  Rectocele. 

3.  Inversion  of  the  uterus. — This  is  of  very  rare  occurrence.  The 
uterus,  which  is  generally  somewhat  enlarged,  is  turned  inside  out, 
either  by  its  own  contraction  or  by  the  exercise  of  traction  on  its 
fundus.  These  conditions  are  best  fulfilled  during  or  after  parturi- 
tion, especially  when  the  umbilical  cord  is  pulled  on  while  the 
placenta  is  adherent.  It  may  also  occur  in  connection  with  a 
tumour  growing  inside  the  uterus  and  attached  to  its  internal  walk 
The  inverted  uterus  projects  from  the  vulva  as  a  bleeding  mass, 
the  haemorrhage  being  frequently  so  severe  as  rapidly  to  cause 
death.  If  the  patient  survive  and  the  organ  is  not  restored,  in- 
flammation results,  and  the  uterus  acquires  attachments  in  its  new 
situation,  so  that  resort  has  sometimes  to  be  had  to  amputation. 

4.  Flexions  and  Versions  of  the  uterus.— Flexion  is  the  bending 
of  the  uterus  on  itself,  while  version  is  the  displacement  of  the 
entire  organs  forwards  or  backwards. 

In  flexions  the  bend  takes  place  at  a  level  corresponding  with  the 
os  internum,  so  that  the  cervix  is  in  one  plane  and  the  body  of  the 
uterus  in  another.  The  reason  of  this  is  that  the  uterus  is  specially 
fixed  at  this  level  by  its  peritoneal  attachments,  the  body  of  the 
uterus  being  specially  movable.  Flexions  are  often  the  result  of 
adhesions  due  to  perimetritis,  these  adhesions  dragging  the  organ 
backwards  or  forwards,  and  tending  to  fix  it.  Abnormal  looseness- 
of  the  organ,  especially  after  delivery,  renders  it  more  liable  to 
bend.  When  the  flexion  has  become  habitual  there  is  apt  to  be 
atrophy  in  the  concavity,  which  renders  it  difficult  to  remedy  the 
displacement.  The  flexions  are  divisible  into  the  two  forms — Ante- 
flexion and  Retroflexion. 
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In  versions  the  uterus  lies  more  horizontally  than  usual,  the  os 
projecting  in  one  direction  and  the  fundus  in  the  opposite.  They 
occur  from  similar  causes  to  those  which  produce  flexions.  They 
are  similarly  divided  into  Anteversions  and  Retroversions. 

These  flexions  and  versions  sometimes  produce  serious  results  in 
the  uterus  itself.  It  has  been  mentioned  above  that,  in  the  con- 
cavity of  the  bend,  the  uterine  tissue  frequently  wastes  and  becomes 
less  able  to  retain  the  uterus  in  the  upright  position.  Then  the 
bend,  if  at  all  sharp,  compresses  the  vessels,  and  may  lead  to  a 
chronic  congestion,  by  and  by  resulting  in  hypertrophy.  Further, 
the  curve  may  obstruct  the  canal  of  the  cervix,  thus  leading  to 
dysmenorrhcea.  The  flexions  and  versions  not  infrequently  predis- 
pose to  prolapse.  Again,  the  fundus  of  the  uterus  projected  back- 
wards or  forwards  is  apt  to  irritate  the  bladder  or  rectum  and  so 
induce  repeated  straining  efforts  which  tend  to  force  the  uterus 
down. 

5.  Other  displacements. — -The  uterus  is  liable  to  various  other 
displacements,  which,  however,  mostly  stand  in  a  different  position 
to  those  given  above.  There  is  elevation  or  displacement  upwards, 
by  the  dragging  of  structures  adherent  to  the  organ,  or  by  the  pres- 
sure from  below  of  tumours  or  collections  of  fluid  in  the  pelvis.  It 
is  also  subject  to  all  sorts  of  deviations  when  involved  in  tumours 
and  inflammations  of  the  pelvic  organs. 

Literature. — Fritsch,  in  Billroth's  Handb.  der  Frauenkr.,  iii.,  1881;  Schultze 
Displacements  of  uterus  (transL),  1888. 

III.  — THROMBOSIS  AND  HAEMORRHAGES. 

1.  Thrombosis  of  the  uterine  veins. — This  is  an  occasional  result  of 
the  puerperal  state,  but  sometimes  it  occurs  as  a  result  of  tumours  of 
the  uterus,  and  even  in  affections  of  the  neighbouring  parts.  The  re- 
sulting condition  is  expressed  by  the  clinical  term  Phlegmasia  dolens. 
In  the  puerperal  form  the  starting  point  of  the  thrombosis  is  the 
placental  surface  of  the  uterus,  and  it  is  most  apt  to  occur  when, 
through  imperfect  contraction  of  the  uterus,  the  veins  are  left  with 
gaping  mouths.  It  may  be  a  question  whether  the  introduction  of 
septic  material  induces  the  coagulation,  but  in  the  usual  absence  of  the 
general  symptoms  of  septic  poisoning  it  may  be  doubted  whether  this 
has  to  do  at  least  with  the  extension  of  the  coagulation.  Starting  at 
the  uterus,  the  thrombosis  readily  extends  to  the  iliac  veins  and 
onwards  to  the  femoral  and  its  branches. 

The  result  is  often  an  extensive  thrombosis  of  the  veins  of  the 
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legs,  generally  beginning  in  those  of  the  left  side.  There  is  usually 
a  hard  brawny  oedema  of  the  whole  lower  extremity. 

Thrombosis  here,  as  elsewhere,  produces  a  chronic  inflammation  in 
and  around  the  wall  of  the  vein  (Phlebitis  and  Periphlebitis),  so  that 
there  is  often  considerable  adhesion  of  the  vein  to  its  sheath  and 
of  the  sheath  to  the  parts  around.  The  lymphatic  vessels  may  be 
affected  by  this  adhesion  and  partially  obstructed. 

2.  Haemorrhages  in  and  around  the  uterus.—  Hemorrhage  is  a 
normal  occurrence  in  menstruation  and  parturition,  but  it  may 
assume  pathological  characters  when  in  excess  or  when  the  blood 
is  unduly  retained. 

(a)  Menorrhagia  is  excessive  haemorrhage  at  a  menstrual  period.  It 
is  induced  by  various  constitutional  conditions,  but  also  by  local  lesions 
of  the  uterus,  more  especially  tumours.  Tumours  of  the  uterus  also 
frequently  induce  haemorrhages  apart  from  the  menstrual  periods. 

(b)  Dysmenorrhea  membranacea  is  a  condition  in  which  mem- 
branous structures  are  evacuated  by  the  uterus  along  with  the  blood 
in  menstruation.  These  sometimes  form  a  complete  cast  of  the 
interior  of  the  uterus,  but  more  usually  they  are  in  smaller  pieces. 
The  membrane  is  variously  composed  in  different  cases.  Sometimes 
it  is  no  more  than  condensed  blood-clot  or  fibrine,  perhaps  in  some 
cases  left  over  from  a  previous  menstruation.  In  other  cases,  however^ 
it  is  composed  of  the  mucous  membrane  of  the  uterus.  It  is  chiefly 
the  superficial  layers  consisting  of  epithelium  which  are  exfoliated, 
but  the  uterine  glands  may  be  present  in  the  membrane,  and  even 
the  submucous  tissue. 

This  condition  is  usually  regarded  as  due  to  an  inflammation  of  the 
uterine  mucous  membrane,  to  which  the  name  endometritis  exfoliativa 
has  been  given,  but  this  view  is  not  universally  accepted.  There  is 
no  doubt  some  inflammation,  as  the  membrane  contains  round  cells. 

(c)  Hsematoma  of  the  uterus  is  of  some  importance,  as  it  may 
resemble  a  tumour.  It  consists  of  a  polypoid  mass  of  blood-clot 
attached  to  the  internal  surface  of  the  uterus  and  hanging  into  its 
cavity,  or  even  projecting  into  the  vagina.  It  is  sometimes  called  the 
Fibrinous  uterine  polypus.  Consisting  of  blood-clot  it  has  originated 
in  haemorrhage,  but  there  must  be  some  cause  for  the  adhesion  of 
the  clot  to  the  uterine  wall.  This  is  mostly  afforded  by  the  placenta 
which  has  been  retained  after  delivery  or  abortion.  The  whole 
placenta  may  be  retained  as  in  Fig.  464,  or  it  may  be  only  a 
portion.  On  the  other  hand,  the  rough  surface  after  removal  of  the 
placenta  may  induce  the  coagulation  of  blood,  which  if  retained 
may  grow  by  fresh  coagulation.    As  the  haematoma  originates  in 
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hemorrhage  it  is  usually  associated  with  the  latter  throughout  its 
course.  The  blood  mostly  escapes  into  the  vagina,  but  some  of  it 
may  coagulate  and  increase  the  size  of  the  polypus. 


Fig.  464.— Polypoid  hematoma  of  uterus  after  an  abortion  in  the  second  month  ; 
a,  projecting  part  of  maternal  placenta  and  wall  of  uterus  ;  b,  remains  of  foetal 
placenta  ;  c,  stratified  coagula  around  the  festal  placenta.    Natural  size.  (Virchow.) 

id)  Pelvic  hematocele. — This  name  expresses  an  accumulation  of 
blood  in  the  neighbourhood  of  the  uterus.  Two  forms  have  been 
described  according  as  the  blood  is  in  the  peritoneal  cavity  or 
beneath  the  peritoneum.  A  convenient  nomenclature  is  to  call  the 
intra-peritoneal  form  Pelvic  hematocele  and  the  extra-peritoneal  form 
Pelvic  hematoma. 

Intra-peritoneal  hematocele  is  much  more  serious  than  the  other. 
It  arises  as  a  result  of  any  hemorrhage  inside  the  peritoneum,  such 
as  rupture  of  an  ectopic  pregnancy,  rupture  of  an  aneurysm,  regurgi- 
tation of  the  blood  during  menstruation  when  there  is  obstruction  to 
the  regular  outflow,  rupture  of  enlarged  veins,  and  of  the  vessels  in 
adhesions  around  the  uterus. 
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The  blood,  whatever  its  source,  accumulates  chiefly  behind  the 
uterus  in  Douglas's  pouch.  Acting  here  as  a  foreign  body  it  sets 
up  a  chronic  inflammation  with  the  usual  results  of  new-formation 
of  connective  tissue  which  surrounds  and  causes  partial  absorption 
of  the  blood.  There  may  be  thus  considerable  perimetritis  brought 
about.  In  some  cases  suppuration  ensues,  and  an  abscess  is  formed, 
chiefly  where  a  foetus  is  present  from  rupture  in  ectopic  pregnancy. 

Extra-peritoneal  hematocele  or  hsematoma  also  originates  from 
rupture  of  the  cyst  in  ectopic  pregnancy,  but  it  occurs  also  not 
infrequently  as  a  kind  of  vicarious  menstruation,  and  may  arise  in 
other  ways.  The  blood  mostly  accumulates  in  the  broad  ligament 
which  it  may  distend  into  a  bulky  tumour.  It  may  also  pass 
around  the  uterus  and  rectum,  sometimes  obstructing  the  latter. 
The  accumulated  blood  usually  undergoes  absorption,  but  it  may  leave 
thickenings  and  adhesions  behind. 

Literature. — Bernutz,  Clin,  memoirs  on  dis.  of  women  (Syd.  Soc.  transl.),  1866  ; 
Gusserow,  in  Volkmann's  Sammlung,  No.  81  ;  Friedlander,  Phys.-anat.  Unter- 
such.  iiber  dem  Uterus,  1870 ;  Leopold,  Die  Uterusschleimhaut  wahrend  Menstru- 
ation, etc.,  1878 ;  Bandl,  in  Billroth' s  Handb.  d.  Frauenkrankh.,  v. ;  Lawson 
Tait,  Ectopic  pregnancy  and  pelvic  hematocele,  1888. 

IV. — ATROPHY,  HYPERTROPHY,  AND  DILATATION  OF  THE  UTERUS. 

1.  Atrophy. — The  uterus  may  retain  in  adult  life  the  undeveloped 
condition  of  that  of  the  child.  There  may  be,  on  the  other  hand, 
a  premature  atrophy,  in  some  cases  ascribed  to  long-continued  catarrh, 
frequent  pregnancies,  pressure  of  tumours,  etc.,  in  which  the  organ 
anticipates  the  normal  senile  involution. 

2.  Hypertrophy. — This  sometimes  occurs  as  a  result  of  imperfect 
involution  after  the  physiological  enlargement  of  pregnancy,  and  in 
this  case  the  increase  in  size  is  from  excess  in  the  muscular  substance 
mainly.  Hypertrophy  of  a  similar  kind  occurs  from  the  presence  of 
tumours  in  the  wall  of  the  uterus.  There  may  be  hypertrophy  from 
congestion  and  chronic  inflammation,  however  caused. 

A  special  Hypertrophy  of  the  cervix  has  been  observed  in  many 
cases.  It  occurs  as  a  result  of  imperfect  involution  after  pregnancy, 
but  also  as  a  consequence  of  prolapse  of  the  vagina,  the  cervix  being 
dragged  down  and  greatly  elongated.  With  very  little  descent  of 
the  uterus  the  cervix  may  be  so  elongated  as  to  present  externally. 

3.  Dilatation  of  the  cavity. — This  occurs  in  consequence  of  the 
retention  and  accumulation  of  material  in  the  uterus.  It  results, 
therefore,  from  Obstruction  of  the  vagina  or  of  one  of  the  orifices 
of  the  uterus.     There  may  be  imperforate  hymen  or  congenital 
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closure  of  the  external  or  internal  os  (generally  the  external).  When 
the  period  of  puberty  is  reached  and  menstruation  begins,  the  blood 
accumulates  in  the  uterus,  and  there  may  be  enormous  distension, 
the  contents  having  a  tarry  or  pulpy  character.  This  condition  is 
designated  Hsematometra.  The  uterus  may  assume  the  size  of  the 
pregnant  organ,  and  there  is  thickening  of  its  walls,  which,  however, 
are  loose.  If  escape  is  not  provided  artificially  the  uterus  may 
actually  rupture,  not  usually  into  the  peritoneum,  but,  after  the 
formation  of  adhesions,  into  some  neighbouring  organ.  The  rupture 
is  by  a  process  of  ulceration  from  within,  unless  external  violence 
bursts  the  distended  organ. 

There  may  be  an  acquired  Obstruction  of  the  os  uteri  as  from 
chronic  catarrh,  or  even  from  inflammation  occurring  after  delivery. 
In  such  cases  also  we  may  have  a  hsematometra  from  accumulation 
of  menstrual  blood.  It  is  more  common,  however,  to  have  such 
closure  after  menstruation  has  permanently  ceased,  and  in  that  case 
a  catarrhal  secretion  may  accumulate  and  distend  the  uterus.  After 
a  time  the  contents,  which  are  at  first  mucous  in  character,  become 
serous,  and  the  condition  called  Hydrometra  is  brought  about. 

Lastly,  the  organ  is  sometimes  distended  with  Gas,  a  condition 
designated  Physometra.  This  may  be  the  result  of  decomposition 
of  the  accumulated  fluid  in  hydrometra,  or  from  decomposition  of 
retained  clots,  etc.;  but  cases  have  occurred  in  which  the  cavity  has 
been  dilated  with  gas  and  assumed  considerable  proportions  without 
apparent  cause. 

V.— INFLAMMATIONS  OF  THE  UTERUS  AND  ITS  APPENDAGES. 

These  are  somewhat  various,  and  they  are  differently  named, 
according  to  the  locality  specially  affected.  In  this  way  we  have 
to  consider  Endometritis,  Metritis,  Salpingitis,  Perimetritis,  Para- 
metritis and  Oophoritis.  The  condition  of  the  uterus  and  vagina 
after  delivery  lays  these  structures  open  to  the  occurrence  of  septic 
inflammations,  and  many  of  the  conditions  mentioned  have  this 
origin. 

1.  Inflammations  of  the  uterus.— These  are  divided  into  inflam- 
mations of  the  mucous  membrane  and  of  the  muscular  substance. 

(a)  Endometritis. — This  is  an  inflammation  of  the  mucous  lining 
of  the  uterus.  We  may  have  an  Acute  inflammation  set  up  by  the 
extension  of  a  gonorrhoeal  inflammation  from  the  vagina,  or  in  con- 
sequence of  parturition,  or  in  the  course  of  an  acute  fever.  The 
inflammation  may  go  on  to  suppuration  or  even  to  sloughing  of  the 
mucous  membrane  and  the  formation  of  ulcers.    It  is  apt  to  extend 
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from  the  uterus  to  the  Fallopian  tube,  broad  ligament,  etc.  (see 
further  on). 

Chronic  endometritis  or  chronic  catarrh  is  a  very  frequent  disease, 
and,  as  a  whitish  discharge  is  a  characteristic  feature,  the  condition 
is  often  called  Leucorrhcea.  Apart  from  the  excessive  secretion  the 
mucous  membrane  is  apt  to  become  thickened,  and  it  may  be  thrown 
into  folds  or  give  origin  to  Mucous  polypi  and  Cysts.  The  cervix 
especially  is  often  thickened,  and  the  os  may  present  ulcerations. 
During  pregnancy  inflammations  sometimes  arise,  giving  occasion  to 
abortions,  adhesions  of  the  placenta,  and  other  lesions.  The  catarrh 
may  also  have  its  origin  in  a  tumour,  a  flexion  or  a  version  of  the 
uterus. 

(b)  Metritis. — This  name  is  given  to  inflammation  of  the  muscular 
substance  of  the  uterus.  Acute  inflammation,  even  with  infiltration 
of  the  muscular  substance  with  blood,  may  follow  gonorrhoea. 

We  have  also  frequently  a  Chronic  inflammation  leading  to  Indura- 
tion, it  may  be  with  enlargement  of  the  uterus.  This  is  frequently 
brought  about  by  Imperfect  involution  of  the  uterus  after  parturi- 
tion, but  also  results  from  the  various  causes  which  bring  about 
endometritis.  The  condition  consists  in  a  new-formation  of  connective 
tissue,  and  from  its  correspondence  with  interstitial  inflammation  in 
the  liver  and  elsewhere  it  is  sometimes  called  Cirrhosis,  especially 
when  there  is  great  induration. 

2.  Inflammations  around  the  uterus. — The  structures  in  the  neigh- 
bourhood of  the  uterus  are  very  frequently  the  seat  of  inflammation. 
This  occurs  by  extension  of  inflammation  from  the  uterus  itself, 
chiefly  in  cases  of  Gonorrheal  or  Puerperal  endometritis. 

The  extension  of  the  inflammation  occurs  by  two  different  paths. 
The  most  frequent  is  by  the  Fallopian  tubes,  producing  in  the  first 
instance  an  inflammation  of  them  (Salpingitis),  and  then  passing  on 
to  the  pelvic  peritoneum  and  ovaries,  producing  a  Perimetritis.  The 
other  mode  of  extension  is  to  the  subperitoneal  tissue,  and  the  result 
is  an  inflammation  in  the  loose  tissue  of  the  pelvis,  a  Pelvic  cellulitis 
or  Parametritis.  It  may  be  said  that  the  one  mode  of  extension 
usually  involves  a  salpingitis  and  perimetritis,  sometimes  with 
oophoritis,  and  the  other  a  parametritis. 

(a)  Salpingitis  is  an  inflammation  of  the  Fallopian  tube,  and  it 
varies  in  character  and  intensity.  There  may  be  a  simple  catarrh 
extending  from  the  uterine  mucous  membrane,  or  an  acute  septic  or 
gonorrhceal  inflammation. 

A  frequent  result  of  salpingitis  is  Adhesion  and  Occlusion  of  the 
tube.    The  fimbriated  extremity  is  frequently  attached  to  the  ovary 
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or  to  a  neighbouring  peritoneal  surface,  this  attachment  being  by 
connective  tissue  in  the  usual  fashion  of  inflammations.  The  tube 
is  also  frequently  distorted  greatly  by  the  adhesions,  doubled  on 
itself,  or  otherwise  altered  in  position.  The  uterine  orifice  of  the 
tube  is  so  small  that  when  the  fimbriated  extremity  is  occluded  the 
tube  is  virtually  closed,  and  the  inflammation  may  completely  occlude 
the  uterine  orifice  as  well. 

In  this  case  the  tube  frequently  becomes  Distended  with  various 
contents,  and  names  are  applied  according  to  the  different  character 
of  the  contents.  In  simple  inflammations  a  watery  or  serous  fluid 
may  collect  (as  there  are  no  glands  in  the  tube,  the  fluid  is  not 
mucous  in  character),  the  result  being  a  Hydrosalpinx.  In  more 
acute  cases  pus  distends  the  tube,  Pyosalpinx,  or  blood  may  be 
extravasated,  Haematosalpinx.  The  dilatation  of  the  tubes  is  some- 
times very  great,  so  that  a  considerable  cystic  cavity  may  result. 

(b)  Pelvic  peritonitis  or  Perimetritis  is  an  exceedingly  frequent 
lesion.  It  may  follow  on  salpingitis,  but  the  irritant  may  reach 
the  peritoneum  by  the  tube  without  the  latter  being  inflamed.  It 
is  probable  also  that  inflammation  may  extend  from  the  uterine 
wall  to  the  peritoneum. 

The  inflammation  is  usually  septic,  and  is  sometimes  acute,  so 
as  to  be  suppurative,  in  which  case  it  may  extend  to  the  general 
peritoneum.  But  even  when  acute  it  may  be  limited  by  adhesions, 
and  abscesses  may  form  which  remain  confined  to  the  pelvis.  Such 
abscesses  are  sometimes  so  mixed  up  with  adhesions  that  it  may 
be  difficult  to  distinguish  wmether  they  are  in  the  peritoneum  or 
outside  it.  They  may  ultimately  burst  into  the  rectum  or  vagina, 
or  at  the  cutaneous  surface. 

Chronic  perimetritis  is  characterized  by  the  formation  of  Adhesions 
and  membranous  new-formations  around  the  uterus.  These  are  most 
frequent  behind  the  uterus,  uniting  it  to  the  rectum.  The  adhesions 
are  frequently  drawn  out  so  as  to  form  long  attachments  between 
the  parts.  Displacements  of  the  uterus  and  abnormal  fixations  are 
frequent  results  of  such  adhesions. 

The  complete  picture  of  perimetritis  is  that  in  which  the  uterus 
is  buried  in  adhesions  which  abolish  the  pouch  of  Douglas  behind, 
and  completely  mat  together  the  broad  ligament,  tube,  and  ovary, 
so  that  the  two  latter  structures  are  often  indistinguishable.  The 
tube  may  be  dilated  in  the  manner  mentioned  above. 

(c)  Oophoritis,  or  inflammation  of  the  ovary,  mostly  occurs  in 
connection  with  perimetritis.  Acute  oophoritis  is  usually  a  sequel 
of  the  puerperal  state.    A  septic  perimetritis  accompanied  by  pelvic 
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abscess  may  be  associated  with  abscesses  in  the  ovaries.  The  pus 
at  first  forms  in  elongated  streaks  from  the  hilum  to  the  periphery, 
but  after  a  time  there  are  more  distinct  abscesses.  The  Graafian 
vesicles  also  frequently  become  filled  with  pus.  The  affected  ovary 
is  surrounded  by  adhesions,  and  it  is  frequently  difficult  to  dissect  out 
the  organ. 

Chronic  oophoritis  also  occurs  in  connection  with  perimetritis,  but 
it  has  sometimes  a  more  independent  origin.  As  the  ovary  is  liable 
at  the  menstrual  periods  to  great  vascular  disturbance,  we  may  have, 
from  checking  of  menstruation  and  otherwise,  a  chronic  inflammation 
set  up. 

The  condition  has  the  characters  of  interstitial  inflammation,  and 
is  comparable  to  cirrhosis  of  the  liver  or  kidney,  being,  like  these, 
accompanied  by  shrinking  of  the  organ.  The  capsule  is  thickened, 
and  the  contracting  tissue  in  the  organ  produces  irregular  depressions 
of  the  surface.  The  thickening  is  often  peculiarly  manifest  around 
the  Graafian  vesicles,  and  this,  with  the  thickening  of  the  capsule, 
may  prevent  the  vesicles  bursting.  Sometimes  a  ripe  vesicle,  instead 
of  bursting  externally,  ruptures  into  the  substance  of  the  ovary,  and 
so  produces  further  inflammatory  disturbance.  With  these  changes 
in  the  ovary  itself  there  is  usually  adhesion  of  the  capsule  to  the 
parts  around,  the  chronic  inflammation  causing  the  formation  of 
vascular  connective  tissue  which  unites  opposed  surfaces.  In  this 
way  there  may  be  displacements  of  the  ovaries. 

If  the  Graafian  vesicles  are  prevented 
from  bursting,  the  fluid  which  naturally 
exists  in  them  may  become  augmented,  and 
the  vesicles  thus  be  converted  into  Cysts 
(Fig.  465).  A  limited  number  of  small 
cysts  may  thus  be  formed,  and  it  is  not 
impossible  that  cysts  having  this  origin 
may  grow  to  some  size,  having  always  the 
character  of  simple  cysts  with  serous  con- 
tents. 

It  is  to  be  remembered  that  in  old  age 
the  ovaries  are  often  shrunk  and  the  capsules  thickened,  but  this  is 
not  to  be  set  down  as  the  result  of  chronic  inflammation. 

(d)  Pelvic  cellulitis  or  Parametritis. — This  consists  in  a  subacute 
inflammation  of  the  pelvic  connective  tissue,  generally  occurring  after 
delivery,  but  also  sometimes  as  a  result  of  operations  on  the  uterus, 
the  introduction  of  pessaries  or  the  uterine  sound,  etc.  The  inflam- 
mation is  no  doubt  septic,  being  in  this  respect  comparable  with 


Fig.  465. — Cystic  formation  in 
ovary  from  dilatation  of  Graafian 
vesicles.  (Virchow.) 
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erysipelas  and  phlegmonous  inflammations  generally.  The  inflamma- 
tion extends  from  the  uterus,  finding  its  way  apparently  by  the 
lymphatic  spaces.  There  are  the  usual  results  of  inflammation,  but 
the  exudation  is  here  the  most  important.  The  spaces  of  the 
connective  tissue  get  filled  up  with  a  sero-purulent  exudation  which 
may  be  partly  fibrinous.  There  is  in  this  way  a  great  tumefaction 
of  the  subperitoneal  tissue,  especially  of  the  broad  ligament,  but  also 
that  in  front  of  and  behind  the  uterus  and  in  the  pelvis  as  a  whole 
The  uterus  is  thus,  as  it  were,  fixed  in  the  midst  of  tumefied 
connective  tissue,  which  may  be  felt  as  a  firm  swelling  on  examination 
per  vaginam. 

Suppuration  generally  ensues,  but  it  may  do  so  very  gradually,  so 
that  it  may  be  long  after  parturition  before  it  occurs.  The  pus 
sometimes  extends  a  considerable  distance  from  the  neighbourhood 
of  the  uterus.  The  inflammation  may  extend  and  the  suppuration 
follow  into  the  iliac  or  even  into  the  lumbar  region.  The  abscesses 
which  result  open  in  very  various  localities,  into  the  vagina,  the 
rectum,  or  the  bladder,  or  at  the  surface  in  the  iliac  or  inguinal 
region.  In  these  latter  cases  the  condition  may  simulate  lumbar 
abscess,  and  mistake  is  the  more  likely  as  the  suppuration  has 
perhaps  occurred  long  after  the  originating  cause.  The  pus  dis- 
charged has  usually  the  characters  of  having  been  long  retained,  the 
corpuscles  are  largely  fatty,  and  there  is  usually  a  fa?cal  odour  clue 
to  the  proximity  of  the  abscess  to  the  rectum. 

Puerperal  fever.— This  term  does  not  express  any  single  definite  morbid  condi- 
tion, but  includes  cases  of  septic  inflammation  connected  with  the  puerperal 
state,  in  which  acute  febrile  symptoms  occur.  The  fact  that  the  disease  occurs 
in  a  quasi-epidemic  form  and  is  communicable  seems  to  show  that  it  is  due  to 
a  specific  microbe,  but  it  is  probable  that  any  of  the  more  virulent  pyogenic 
micrococci,  such  as  that  of  erysipelas,  may  induce  it.  The  course  of  the  septic 
inflammation  and  the  mode  of  extension  to  the  general  circulation  vary,  but 
much  that  has  been  stated  above  in  regard  to  perimetritis  and  parametritis 
applies  here. 

There  is,  to  begin  with,  an  acute  septic  inflammation  of  the  uterine  mucous 
membrane,  usually  accompanied  by  sloughing  and  suppuration.  From  this  local 
seat  there  is  an  extension,  in  the  manner  indicated  above,  by  the  Fallopian 
tubes  or  by  the  subperitoneal  tissue.  In  the  former  case  a  General  septic  peritonitis 
results.  The  septic  poison  is  absorbed,  and  we  have  the  regular  fever  of  septi- 
cemia. In  the  other  case  a  Septic  thrombo-phlebitis  may  occur,  and  we  have  the 
phenomena  of  Pyaemia  with  metastatic  abscesses,  and  septicemia. 

Literature. — Beenutz,  1.  c.  ;  Matthews  Duncan,  Prac.  treatise  on  perimetritis 
and  parametritis,  1868;  Virchow,  Ges.  Abhandl.,  1856;  Winckel,  Dis.  of  women 
(transl.),  1887;  Bandl,  Handb.  der  Frauenkr.,  ii. ,  1886;  Heibekg,  Die  puerperalen 
unci  pyaemischen  Proc,  1873.    Salpingitis,  etc.  — Lawson  Tait,  Brit.  Med.  Jour., 


1006 


FEMALE  GENERATIVE  ORGANS. 


1887,  i.,  825;  Lewers,  Obstet.  trans.,  xxix.,  1887  ;  Polk,  (also  discussion)  Amer. 
Gynec.  Trans.,  xii.,  1887;  Hennig,  Krankh.  der  Eileiter,  1876. 

VI.  —  EXTRA-UTERINE  OR  ECTOPIC  PREGNANCY. 

By  these  terms  is  meant  the  development  of  the  foetus  in  any 
other  situation  than  the  normal  one  in  the  uterus. 

The  causation  is  somewhat  obscure,  but  if  we  accept  the  views  of 
Lawson  Tait  it  usually  results  from  disease  of  the  Fallopian  tubes, 
which  by  destroying  the  ciliated  epithelium  allows  the  spermatozoa 
to  pass  up  the  tube  and  impregnate  the  ovum  before  it  reaches  the 
uterus. 

According  to  this  author  normal  impregnation  always  occurs  in  the  uterus, 
as  the  ciliated  epithelium  of  the  tubes  prevents  the  ascent  of  the  spermatozoa. 
If  the  ciliated  epithelium  be  destroyed  the  spermatozoa  may  pass  up  as  far  as 
the  ovary. 

According  to  the  position  in  which  the  impregnated  ovum  settles 
various  forms  have  been  distinguished,  namely,  Tubal,  Tubo-ovarian, 
Ovarian,  and  Abdominal.  The  existence  of  an  abdominal  pregnancy, 
except  by  rupture  of  a  tubal  one,  is  denied  by  recent  authorities 
(Mayrhofer,  Lawson  Tait),  and  even  ovarian  pregnancy,  if  it  occurs, 
is  very  rare.  Undoubtedly  tubal  pregnancy  is  by  far  the  commonest. 
An  excessively  rare  ectopic  pregnancy  is  that  in  which,  from  existing 
perforation  of  the  uterus  (as  from  a  previous  Caesarian  section),  the 
ovum  has  escaped  into  the  abdominal  cavity. 

Tubal  pregnancy  occurs  either  in  the  free  part  of  the  tube  or  in 
the  part  surrounded  by  the  uterine  tissue.  In  the  latter  case  the 
form  is  called  Interstitial  pregnancy. 

If  an  impregnated  ovum  settle  in  the  tube,  the  placenta,  as  it 
forms,  adheres  to  the  wall  of  the  tube  and  forms  vascular  connections. 
As  the  tube  does  not,  like  the  uterus,  enlarge  under  the  stimulus  of 
pregnancy,  the  growing  ovum  thins  its  wall,  and  rupture  occurs 
(primary  rupture).  This  always  takes  place  before  the  fourteenth 
week.  The  rupture  may  be  into  the  peritoneal  cavity  or  into  the  j 
broad  ligament.  At  the  time  of  rupture  there  is  haemorrhage,  which 
in  the  case  of  rupture  into  the  peritoneum  is  usually  fatal. 

As  a  result  of  this  primary  rupture  the  foetus  usually  dies,  and  in 
that  case  the  conditions  are  those  of  the  Pelvic  hematocele,  intra- 
peritoneal or  extraperitoneal.  In  either  case  there  may  be  subsequent 
encapsuling  or  absorption  of  the  dead  foetus  (which  will  be  very 
small)  or  there  may  ensue  a  suppuration  of  the  haematocele. 

The  foetus  may  survive  and  the  placenta  may  acquire  fresh  con- 
nections, so  as  to  allow  of  the  completion  of  the  full  term  of  utero- 
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gestation.  Before  this,  however,  especially  when  the  foetus  is  in  the 
broad  ligament,  there  may  be  a  secondary  rupture,  resulting  in  some 
cases  in  a  fatal  hemorrhage,  but  in  others  merely  in  a  fresh  adhesion 
inside  the  peritoneum. 

If  the  full  term  be  reached  the  foetus  dies,  and,  unless  removed 
by  operation,  remains  as  a  foreign  body.  As  a  rule  general  peritonitis 
results,  sometimes  with  the  ultimate  formation  of  an  abscess.  If  the 
death  of  the  mother  does  not  occur  soon  the  abscess  may  come  to 
the  surface  and  the  foetus  may  be  discharged  piece-meal. 

In  some  rare  cases  the  fcetus  gives  rise  to  no  active  inflammation, 
and  after  its  death  remains  quiescent.  The  fcetus,  then,  through 
time  acquires  the  characters  which  have  given  rise  to  the  designation 
Lithopaedion.  It  becomes  surrounded  by  a  connective  tissue  capsule, 
inside  which  the  mummified  fcetus  may  remain  for  many  years.  The 
capsule  usually  becomes  infiltrated  with  lime  salts,  so  that  a  kind 
of  shell  is  formed  around  the  fcetus.  The  fcetus  itself  may  be  partly 
calcified,  but  its  soft  structures  are  often  little  altered  or  may  be 
converted  into  adipocere.  Cases  are  on  record  of  a  duration  of  life 
extending  as  long  as  fifty  years  after  an  ectopic  pregnancy,  and  in 
some  cases  normal  pregnancies  have  occurred  in  the  interval. 

Cases  have  been  observed  of  molar  extra-uterine  pregnancy. 

Literature.— Mayrhofer,  Billroth's  Handb.  d.  Frauenkrankh.,  i.  ;  Lawson  Tait, 
Ectopic  pregnancy,  1888  (gives  full  account  and  collection  of  cases  of  Lithopaedion); 
Virchow,  Wurzb.  Verhandl.,  i. ;  Sappey,  Comptes  Eendus,  Aug.  27,  1883. 

VII.— SYPHILIS  AND  TUBERCULOSIS. 

Syphilis  manifests  itself  in  the  vagina  and  vulva  in  the  form  of 
the  hard  chancre,  which  may  even  occur  at  the  os  uteri.  It  does 
not  present  in  these  situations  any  peculiarities  distinguishing  it  from 
-chancre,  as  already  described.  Condylomata  of  considerable  size  also 
occur  in  the  vulva  and  vagina,  often  forming  warty  projections. 

Tuberculosis  of  the  tubes  and  uterus. — This  commonly  begins 
in  the  Fallopian  tubes.  As  the  fimbriated  extremities  open  into 
the  peritoneum  they  absorb  any  such  virus  as  that  of  tuberculosis 
which  may  be  present.  Hence  it  is  a  regular  result  of  tubercular 
peritonitis  in  the  female,  and  also  sometimes  occurs  in  tubercular 
ulceration  of  the  intestine.  It  is  stated  by  Schramm  that  it  is  met 
with  in  three  per  cent,  of  all  females  dying  of  tubercular  disease. 

Tuberculosis  of  the  Fallopian  tubes  begins  at  the  distal  end,  and 
this  part  is  generally  found  most  affected.  The  mucous  membrane 
is  destroyed  and  replaced  by  caseous  matter  which  accumulates  in 
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the  calibre  of  the  tube.  The  wall  is  also  thickened  and  infiltrated 
with  the  tubercular  new-formation.  These  two  conditions  lead  to 
a  great  distention  of  the  tube  (Fig.  466)  so  as  to  resemble  some  of 


Fig.  466. — Tuberculosis  of  Fallopian  tubes  seen  from  behind,  o,  uterus  ;  6,  b, 
fimbriated  extremities  of  the  tubes  ;  c,  left  ovary.  The  right  tube  is  seen  to  be 
very  gi-eatly  dilated  and  convoluted.  The  dilatation  disappears  just  before  the 
uterine  termination  of  the  tube.  The  left  tube  is  much  less  affected,  being  most 
dilated  at  its  distal  part.  There  was  also  tuberculosis  of  the  lungs  and  mesenteric 
glands. 

the  conditions  resulting  from  salpingitis.  The  condition  is  some- 
times called  Tubercular  salpingitis.  This  condition  is  probably  of 
great  frequency,  and  we  believe,  from  observation,  that  a  large  pro- 
portion of  cases  which  are  simply  designated  salpingitis  really  belong 
to  the  tubercular  form.  There  is  not  generally  much  adhesion  to 
parts  around,  but  there  may  be,  especially  when  the  condition 
coincides  with  tuberculosis  of  the  peritoneum. 

The  tuberculosis  frequently  extends  to  the  Uterus,  where  ulcers 
form,  and  there  may  be  extensive  destruction  of  the  mucous  mem- 
brane.   The  whole  internal  surface  is  sometimes  involved. 

Tuberculosis  of  the  Ovaries  is  exceedingly  rare,  but  it  occurs  in 
the  form  of  caseous  masses. 

Literature. — Moslee,  Tuberkulose  der  weibl.  Geschlechtsorgane,  1883  ;  Schramm, 
Arch.  f.  Gynacol.,  xix. ;  Steven,  Glasg.  Med.  Jour.,  xix.,  1883. 

VIII.  —  TUMOURS  OF  THE  UTERUS  AND  VAGINA. 

1.  Mucous  polypi  and  Adenomata  of  the  uterus. — These  are  met 
with  mainly  as  the  result  of  chronic  inflammation  of  the  mucous 
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membrane,  and  may  spring  from  the  body  of  the  uterus  or  from  the 
cervix.  Sometimes  there  is  a  general  irregular  prominence  from 
hypertrophy  of  the  mucous  membrane,  but  usually  there  are  definite 
polypoid  outgrowths. 

The  mucous  polypus  may  consist  of  a  limited  hypertrophy  of  the 
mucous  membrane,  the  tumour  being  a  tolerably  firm  one  unless,  as 
sometimes  happens,  it  becomes  soft  by  oedema  or  by  the  excessive 
development  of  its  vessels.  In  this  latter  case  we  may  have  a  tumour 
approaching  to  cavernous  in  character.  On  the  other  hand,  polypi 
may  consist  largely  of  Glandular  structures,  new-formed  mucous 
gland-tissue  constituting  apparently  the  tissue  of  the  tumour.  These 
polypi  are  comparatively  soft,  and  may  grow  to  a  considerable  size, 
especially  when  they  become  Cystic.  We  have  already  seen  that 
tumours  consisting  of  glandular  tissue  are  peculiarly  apt  to  become 
cystic,  and  these  form  no  exceptions.  The  larger  polypi  may  some- 
what distend  the  uterus. 

2.  Myoma. — The  myoma  is  very  infrequent  in  the  vagina  and  in 
the  cervix  of  the  uterus,  but  is  extremely  frequent  in  the  body  of 
the  uterus.  It  occurs  in  from  10  to  20  per  cent,  of  women  beyond 
20  years  of  age,  and  in  about  40  per  cent,  of  those  above  50. 

The  myoma  presents  great  varieties  in  size,  in  number,  and  in 
the  details  of  its  structure.  There  may  be  a  single  small  tumour 
about  the  size  of  a  pea,  or  a  large  growth  weighing  more  than 
fifty  pounds.  There  are  frequently  several  tumours  present,  and 
there  may  be  fifty  attached  to  the  same  uterus.  The  tumour  is 
usually  hard  and  on  section  fibrous  in  appearance. 

In  structure  the  chief  variations  are  in  regard  to  the  proportion 
of  muscle,  connective  tissue,  and  vessels.  The  muscle  is  in  bundles 
which  to  the  naked  eye  often  give  a  concentric  arrangement  to  the 
cut  surface  (see  Fig.  469).  There  is,  under  the  microscope,  the  usual 
arrangement  of  the  nuclei  in  the  muscular  bundles,  as  shown  in 
Fig.  467.  The  character  of  these  nuclei  and  their  arrangement  are 
sufficiently  distinctive  of  the  tumour. 

Connective  tissue  is  present  between  the  muscular  bundles ;  some- 
times it  is  dense  and,  by  rendering  the  tumour  compact,  gives  it  a 
very  hard  fibrous  character.  In  some  cases  the  connective  tissue 
increases  out  of  proportion  to  the  muscle  and  a  process  of  induration 
akin  to  cirrhosis  occurs. 

The  vessels  are  usually  rather  sparse  in  the  myoma,  but  some- 
times great  dilatation  of  the  blood-vessels  occurs,  so  as  to  give  a 
cavernous  character  to  parts  of  the  tumour,  a  condition  indicated 
by  the  name  Myoma  telangiectodes.     In  other  cases  there  is  a 
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dilatation  of  the  lymphatic  vessels,  leading  to  a  condition  called 
Myoma  lymphangiectodes. 


Fig.  467. — Section  of  a  myoma  of  the  uterus  stained  with  carmine.  The  muscular 
nuclei  are  seen  in  longitudinal  and  transverse  section,    x  350. 


Secondary  changes  are  very  liable  to  occur  in  the  myomas, 
especially  as  the  tumours  frequently  grow  to  large  dimensions  and 
are  liable  to  changes  in  position  which  interfere  with  the  blood- 
vessels. 

Cysts  not  infrequently  form  in  them.  These  are  sometimes  from 
dilated  lymphatics,  but  more  frequently  from  softening  of  the  tumour 
tissue.  Large  cysts  are  thus  formed  in  the  midst  of  large  myomas, 
and  may  even  give  rise  to  a  feeling  of  fluctuation. 

(Edema  and  Haemorrhage  are  not  uncommon,  the  latter  especially, 
and  more  particularly  in  the  tumours  with  dilated  blood-vessels. 

Calcareous  infiltration  occurs  in  two  different  forms.  A  part  of 
a  large  tumour  may,  from  obstruction  of  vessels,  be  cut  or!  from  its 
blood  supply  and  become  obsolete,  or  a  tumour  may  be  separated 
as  a  whole  and  become  calcified.  In  the  latter  case  lime  salts  may 
infiltrate  it  and  they  are  deposited  in  all  the  constituents,  the  muscle- 
cells,  walls  of  the  blood-vessels,  and  connective  tissue  (see  Fig.  71, 
p.  194,  which  is  from  the  calcified  part  of  a  myoma). 
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Separation  and  Transplantation  are  not  uncommon  in  the  myoma. 
The  subserous  myoma,  after  becoming  pedunculated,  may  acquire 
vascular  connections  with  the  omentum  or  other  part  of  the  peri- 
toneum and  ultimately  become  detached  from  the  uterus.  In  a 
case  observed  by  the  author  a  tumour  seven  inches  in  length  was 
attached  to  a  very  long  great  omentum  and  was  movable  in  the 
abdomen. 

The  submucous  forms  also  sometimes  become  detached,  and  may 
be  found  in  the  cavity  of  the  uterus  ;  they  may  either  be  discharged 
or  retained. 

The  detached  or  transplanted 


myoma  is 
cification. 


apt  to 


undergo 


cal- 


In  a  specimen  sent  to  the  author  by 
Dr.  Chapman,  of  Hereford,  and  depicted 
in  Fig.  468,  a  myoma  was  found  lying- 
loose  in  the  uterus.  It  had  externally  a 
firm  shell  which  had  to  be  sawn  through 
in  order  to  divide  the  tumour.  The 
calcification  extended  to  intersecting 
trabecular,  which  divided  the  tissue  into 
loculi.  In  these  loculi  soft  tissue  existed 
which  had  the  microscopic  characters 

of  that  of  the  ordinary  myoma.  The  specimen  is  preserved  in  the  Museum  of 
the  Western  Infirmary. 


Fig.  468.— Calcified  myoma  of  uterus  found 
lying  in  the  cavity.    Half  the  natural  size. 


The  myoma  originates  in  the  muscular  substance  of  the  uterus, 
and  it  may  remain  in  the  wall  or  become  displaced  outwards  or 
inwards.    Hence  there  are  three  varieties. 

(a)  The  Subserous  myoma,  originating  in  the  external  layers  of 
the  uterus,  passes  outwards  as  it  grows,  and  pushes  the  peritoneal 
coat  before  it.  In  this  way  it  frequently  becomes  pedunculated. 
The  subserous  form  is  often  multiple,  and  as,  from  its  situation,  it 
is  protected,  the  tumour  may  grow  for  many  years  undisturbed,  and 
reach  very  large  dimensions.  Such  large  myomas  may  be  mistaken 
for  ovarian  tumours  and  excised  as  such,  and  this  is  the  more  likely 
as  cysts  not  infrequently  occur  in  them. 

(b)  The  Interstitial  or  Intraparietal  myoma  in  its  growth  involves 
the  wall  of  the  uterus,  and  may  cause  enormous  enlargement  of  the 
organ  (see  Fig.  469 ;  the  actual  tumour  measured  9^  inches  in  long 
diameter).  This  form  develops  mostly  at  the  fundus,  and  usually 
occupies  the  posterior  wall.  The  tumour  and  greatly  enlarged  uterus 
may  form  together  a  very  bulky  mass,  which  as  a  whole  is  liable  to 
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be  mistaken  for  an  ovarian  or  other  tumour.  The  author  has  met 
with  several  cases  in  which  the  tumour  and  uterus  were  excised 

under  this  belief.  In  one  of 
these  the  tumours  seemed  to  be 
multiple  and  the  uterine  wall 
could  not  be  distinguished  from 
tumours,  the  greatly  enlarged 
cavity  of  the  uterus  being  sur- 
rounded by  irregularly  lobul- 
ated  masses  of  muscular  tissue. 
In  this  case  it  looked  as  if  the 
uterus  as  a  whole  had  under- 
gone an  irregular  hypertrophy, 
or  had  grown  into  a  massive 
tumour. 

(c)  The  Submucous  myoma  is 
the  form  which  most  frequently 
comes  under  the  notice  of  the 
practitioner.  Arising  in  the 
wall  of  the  uterus,  it  passes 
inwards,  pushing  the  mucous 
membrane  before  it,  and  from 
the  action  of  gravity  it  tends 
to  become  pendulous.  The 
submucous  myoma,  therefore, 
very  often  presents  itself  as  a 

Fig.  469. -Gigantic  intraparietal  myoma  of  uterus.  polypUS  (the  SO-Called  Fibroid 
It  occupies  the  posterior  wall  and  somewhat  dis-         ,  ...  i 

tends  the  os  uteri,  whose  lips  were  almost  of  papery     pOLyj)US),    and.     It     may    nave  a 
thickness.    It  partly  projected  into  the  vagina  (a). 
The  greatly  dilated  cavity  of  uterus  (b)  lay  in  front. 
c,  urinary  bladder  ;  d,  rectum. 


very  narrow  neck.  It  very 
often  arises  at  the  fundus,  and 


may  grow  to  such  dimensions  as  to  fill  the  uterus,  and  hang  down 
through  the  cervix  into  the  vagina  (see  Fig.  470).  The  mucous  mem- 
brane covering  the  tumour  is  subject  to  irritation,  and  there  is  fre- 
quently Hemorrhage  and  Ulceration,  even  with  sloughing  in  some 
cases. 

3.  Cancers  of  the  uterus  and  vagina. — In  the  great  majority  of 
cases  the  cancer  begins  just  about  the  junction  of  the  uterus  and 
vagina,  and  involves  both  as  it  extends.  The  disease  scarcely  occurs 
before  the  age  of  thirty,  and  is  most  prevalent  between  forty  and 
fifty.  It  appears  also  from  the  statistics  of  West  that,  contrary  to 
what  is  sometimes  stated,  it  occurs  much  more  frequently  in  women 
who  have  borne  children  than  in  those  who  have  not,  and  most 
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frequently  in  those  who  have  had  more  than  the  usual  number  of 
pregnancies ;  it  is  as  if  the  disease  developed  most  readily  when  the 
uterus  is  deteriorated  by  repeated  conceptions. 


Fig.  470. — Large  submucous  myoma  attached  near  the  fundus  and  distending 
uterus  and  vagina. 

The  cancer  mostly  consists  of  large  flat  epithelial  cells,  and  in 
most  cases  these  insinuate  themselves  amongst  the  constituents  of 
the  uterine  wall,  while  in  some  cases  the  growth  is  more  superficial. 
Hence  it  is  possible  to  distinguish  an  infiltrating  from  a  superficial 
form,  the  latter  being  frequently  designated  Epithelioma. 

Infiltrating  cancer  begins  as  an  infiltration  of  a  limited  part  of 
the  portio  vaginalis,  and  extends  more  or  less  round  the  external 
os.  By  and  by  the  whole  portio  vaginalis  is  converted  into  a  hard, 
irregularly  prominent  tumour.  At  first  the  infiltration  is  confined 
to  the  mucous  membrane  and  submucous  tissue,  but  by  degrees  it 
spreads  both  deeply  and  laterally.  It  insinuates  itself  into  the 
muscular  substance  of  the  uterus,  separating  and  breaking  up  the 
muscular  trabecular,  which  come  to  form  a  kind  of  rough  stroma 
for  it  (see  Fig.  471).  It  also  passes  into  the  vagina,  infiltrating 
its  wall.  Very  soon  ulceration  of  the  surface  sets  in,  and  in  its 
subsequent  course  there  is  a  progressive  ulceration  and  infiltration, 
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the  former  following  the  latter.  The  infiltration  passes  into  the 
body  of  the  uterus,  but  does  not  usually  reach  the  fundus  before 


Fig.  471. — Section  of  cancer  of  uterus  under  a  very  low  power,  showing  mode  of 
advance  into  wall  of  uterus,  a,  muscular  substance  of  uterus,  interrupted  frequently 
(as  at  b)  by  masses  of  cancerous  structure.  At  lower  part  of  figure  (at  c)  the  muscular 
substance  is  still  more  frequently  interrupted  and  the  tissue  has  quite  an  alveolar 
appearance,  the  muscle  partly  forming  the  stroma,    x  22. 

the  death  of  the  patient. .  If  the  parts 
be  examined  post  mortem  (Fig.  472), 
it  will  be  seen  that  an  irregularly  ex- 
cavated ulcer  occupies  the  adjacent 
parts  of  the  uterus  and  vagina,  ren- 
dering their  respective  limits  inappre- 
ciable. Then,  outside  this,  there  is  the 
whitish  cancerous  tissue,  which  extends 
into  the  uterine  substance  some  lines 
beyond  the  ulcer. 

This  disease  affects  neighbouring 
structures.  There  are  cancerous  masses 
usually  in  the  ligaments  and  under  the 
peritoneum.  The  bladder  is  frequently 
adherent  to  the  uterine  cancer  and  its 
mucous  membrane  red  and  irregular,  or 


Fig.  472.— Cancer  of  uterus,  the  parts 
shown  in  section.  To  the  right  is  the 
urinary  bladder.  To  the  left  are  vagina 
and  uterus,  both  of  them  to  a  large  ex- 
tent converted  into  irregular  cancerous 
masses.  (Graily  Hewitt  from  Martin.) 


(JANCER  OF  UTERUS. 


1015 


else  it  presents  cancerous  nodules.  The  ulceration  even  extends  some- 
times into  the  bladder,  which  forms  thus  a  communication  with  the 
vagina.  The  rectum  is  much  less  closely  related  to  the  cervix  uteri 
than  is  the  bladder,  and  it  is  less  frequently  involved.  Those  parts 
of  the  uterus  which  are  not  engaged  in  the  cancerous  disease  are 
inflamed,  and  adhesions  are  formed  to  the  rectum  and  urinary  bladder. 
Although  thus  extending  locally,  the  cancer  has  little  tendency  to 
form  secondary  tumours  in  the  lymphatic  glands,  and  still  more  seldom 
does  it  become  generalized. 

It  sometimes  happens  that  the  new- formation  of  cancerous  tissue 
is  more  vigorous  than  the  ulceration,  and  in  that  case  we  may 
have  prominent  ragged  masses  hanging  into  the  vagina. 

The  microscopic  examination  of  this  form  of  cancer  shows  masses 
of  epithelial  cells,  usually  of  considerable  size,  arranged  irregularly 
in  the  alveoli,  the  stroma  being  largely  formed  by  the  remains  of 
the  structures  into  which  it  has  infiltrated. 

Epithelial  cancer  or  Cancroid  is  hardly  to  be  distinctly  delimited 
from  the  former,  but  is  characterized  by  a  more  superficial  out- 
growth of  prominent  warty  projections,  while  the  deeper  infiltration 


Fig  473.— Cauliflower  cancer  of  posterior  lip  of  os  uteri.  A  probe  is  passed  through 
the  os,  and  the  anterior  lip  in  front  of  it  is  seen  to  be  normal,  while  a  cauliflower 
growth  projects  from  the  posterior.  (Simpson.) 

is  slower  and  less  in  degree.  The  disease  begins,  as  in  the  other 
case,  in  the  portio  vaginalis,  and  at  first  there  is  little  more  than 
a  prominent  warty  outgrowth.  But  the  warty  growth  increases 
while  the  base  becomes  infiltrated  till  a  bulky  prominence  results, 
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whose  surface,  consisting  of  masses  of  papilliform  projections,  gives 
the  character  of  the  Cauliflower  excrescence  (Fig.  473). 

This  form  of  tumour  is  also  liable  to  ulceration,  and  there  may 
be  a  combination  of  ulceration  with  papilliform  projections,  although, 
after  a  time,  the  papillae  may  be  destroyed  and  the  appearances 
approximate  to  those  of  the  other  form  of  cancer. 

Under  the  microscope  the  structure  here  is  more  that  of  flat- 
celled  epithelioma.  The  prominent  papillae  are  covered  with  pave- 
ment epithelium,  and  the  deeper  infiltration  consists  of  masses  of 
flat  cells. 

A  few  cases  have  been  observed  in  which  Colloid  cancer  has 
been  the  form  occurring  in  the  uterus,  the  situation  being  the  same 
as  in  the  other  more  common  forms.  In  rare  cases  also  a  cancer 
may  arise  from  the  fundus  uteri. 

4.  Sarcoma  of  the  uterus  and  vagina. — This  form  of  tumour  is 
very  rare.  It  originates  mostly  in  the  substance  of  the  uterus,  and 
may  form  an  extensive  infiltration  or  a  limited  tumour.  The  com- 
monest form  is  the  spindle-celled  sarcoma,  but  the  round- celled  form 
also  occurs.  Sometimes,  but  very  rarely,  a  myoma  assumes  the 
characters  of  a  sarcoma,  becoming  soft  and  loose  in  its  structure, 
and  its  cells  more  detached  from  each  other.  We  thus  have  a 
Myosarcoma. 

Parasites  are  rare  in  the  uterus  and  vagina.  Thread  worms  may 
pass  over  from  the  rectum.  Bacteria  are  met  with  in  the  vaginal 
secretion,  the  leptothrix  being  frequent.  In  gonorrhoea  the  gono- 
coccus  is  present.  The  oidium  albicans  is  found  in  connection  with 
thrush.  The  cysticercus  cellulosae  has  been  doubtfully  seen  in  the 
uterus,  and  the  echinococcus  with  exceeding  rarity. 

Literature. — Myoma — Viechow,  Geschwiilste,  iii. ;  Leopold,  (M.  telangiectodes) 
Arch,  der  Heilk,  1873;  Winckel,  in  Volkmann's  Samml.,  No.  98.  Cancer — Buge 
u.  Veit,  Der  Krebs  der  Gebarmutter,  1881 ;  Williams,  Cane,  of  uterus,  1888. 
Sarcoma — Winckel,  Dis.  of  women  (transl.),  1887;  Beermann,  Ueber  Sarkoma 
uteri,  1876;  v.  Kahlden,  Das  Sarkom  des  Uterus,  Ziegler's  Beitrage,  B.  xiv.,  1893, 
p.  174. 

IX. — TUMOURS  OF  THE  OVARY,  PAROVARIUM,  AND  BROAD 

LIGAMENT. 

Introduction. — The  ovary  and  broad  ligament  are  very  frequently 
the  seats  of  cystic  tumours,  which  sometimes  attain  vast  dimensions. 
The  origin  and  mutual  relations  of  the  various  forms  are  not  com- 
pletely disentangled,  but  a  knowledge  of  the  anatomical  conditions 
is  necessary  as  a  preliminary. 
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The  ovary  lies  at  the  back  of  the  broad  ligament.  It  is  free 
on  its  two  flatter  surfaces  and  along  its  convex  posterior  border, 
but  is  attached  to  the  broad  ligament  by  its  anterior  border,  which 
presents  a  deep  groove  or  hilum  by  which  the  vessels  enter.  The  ovary 
is  attached  to  the  uterus  by  a  dense  Ligament  (see  Fig.  474)  and  to 
the  Fallopian  tube  by  the  Ovarian  fimbria  of  that  tube  (see  figure). 
It  will  thus  be  seen,  as  shown  in  the  figure,  that  the  ovarian  ligament, 
ovary,  and  ovarian  fimbria,  as  it  were,  circumscribe  a  portion  of 
the  broad  ligament,  which  is  bounded  above  by  the  Fallopian  tube. 
This  part,  which  is  called  the  Ala  vespertilionis  or  bat's  wing,  is 
of  consequence  as  it  contains  the  parovarium  and  also  because  it 
frequently  comes  into  evidence  in  ovarian  tumours. 

The  parovarium,  which  is  the  remains  of  the  Wolffian  body,  is 
usually  easily  made  out.  It  lies  between  the  two  folds  of  peritoneum 
in  the  ala  vespertilionis.  It  is  readily  seen  in  most  normal  subjects, 
by  holding  the  parts  up  against  the  light.  It  then  appears,  as  in 
Fig.  474,  po,  that  the  organ  is  composed  of  a  transverse  tube  or  duct, 


Fig.  474. — Diagrammatic  view  of  uterus  and  appendages.  po,  parovarium  ;  od, 
Fallopian  tube  ;  fi,  its  fimbriated  extremity  ;  o,  ovary,  with  the  ovarian  fimbria  to 
the  right  proceeding  to  the  fimbriated  extremity,  and  a  ligament  to  the  left  attaching 
it  to  the  uterus  near  the  origin  of  the  Fallopian  tube.  (Quain.) 

and  of  a  number  of  vertical  tubes,  8  or  1 0  of  which  are  usually  well- 
developed.  The  transverse  tube  is  the  duct  of  Gartner,  and  it  has 
been  traced  inwards  to  the  wall  of  the  uterus  and  onwards  to  end 
in  the  urethra.  This  tube  frequently  ends  distally  in  a  small  peduncu- 
lated cyst  (h  in  figure).  The  vertical  tubes  of  the  parovarium  pass 
towards  the  hilum  of  the  ovary,  and  they  partly  enter  into  the  for- 
mation of  the  ovary,  so  that  some  authors  describe  a  medullary  part 
of  this  organ  next  the  hilum  and  containing  these  Wolffian  structures, 
and  a  peripheral  or  cortical  portion  containing  the  ova. 


1018 


FEMALE  GENERATIVE  ORGANS. 


It  follows  from  these  anatomical  relations  that  a  tumour  of  the  ovary 
proper  will  generally  grow  into  the  peritoneum,  hanging  free  with  a 
narrow  pedicle.  On  the  other  hand,  one  arising  in  the  parovarium 
or  in  the  substance  of  the  broad  ligament,  being  subperitoneal  in  its 
origin,  will  expand  the  broad  ligament  and  be  seldom  pedunculated. 

1.  Simple  cysts  of  the  ovary  occur  which  are  in  many  respects 
comparable  with  the  simple  cysts  which  are  so  frequent  in  the 
kidney,  and  like  them  have  no  very  special  significance  (see  Fig.  405). 
They  are  produced  by  Dropsy  of  the  Graafian  vesicles,  as  was 
proved  by  the  discovery  by  Eokitansky  of  an  ovum  in  such  a  cyst. 
Simple  cysts  may  be  of  congenital  origin,  having  been  observed  in 
new-born  children. 

As  a  general  rule  there  are  several  cysts  simultaneously  developed, 
usually  from  ten  to  twenty,  but  one  or  a  few  may  attain  a  prepon- 
derating size.  The  cysts  have  a  distinct  smooth  lining  membrane, 
with  a  single  layer  of  epithelium.  The  contents  are  mostly  clear 
serum,  but  they  may  be  dark  from  haemorrhage,  or  turbid  from  inflam- 
mation. The  enlargement  of  the  ovary  is  not  generally  great  in 
this  form  of  cystic  disease ;  it  rarely  reaches  the  size  of  the  fist, 
and  still  more  rarely  that  of  the  head.  If  there  are  several  cysts, 
they  take  shape  by  mutual  pressure. 

2.  Colloid  ovarian  cystoma. — This  form  is  of  much  more  frequent 
occurrence  and  vastly  more  important.    To  this  class  of  cysts  the 

name  Cystoma  is  properly  ap- 
plied, because  they  arise  by  a 
distinct  new-formation,  there  be- 
ing first  produced  a  preparatory 
tissue,  which  goes  on  to  the 
formation  of  the  cysts.  The  pre- 
paratory tissue  is  glandular  in 
character,  and  hence  the  names 
Adenoma  and  Adenocystoma  are 
sometimes  applied.  This  group 
includes  the  characteristic  Mul- 
tilocular  cysts  of  the  ovary. 

These  cysts  form  bulky  tum- 
ours, and  while  the  tumour  itself 

Fig.  475.-Fromacolloid  ovarian  cystoma.  Gland-  ^  formed  of  a  number  of  larger 
like  tissue  and  the  beginning  of  cysts,    x  70.  an(j  smaHer  CyStS,  there  is  nearly 

always,  in  the  walls  of  these,  more  or  less  solid  material  which 
shows  various  stages  in  the  process  of  cystic  formation.  The  tumour, 
sometimes  of  enormous  size,  represents  the  Ovary  as  a  whole,  and 
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is  not  merely  something  added  to  it,  the  external  covering  of  the 
cyst  corresponding  strictly  with  the  surface  of  the  ovary. 

The  solid  tissue  in  the  wall  of  the  cysts  shows  the  various  stages  in 
the  process  of  development.  It  shows,  microscopically,  a  glandular 
structure  (see  Fig.  475)  in  the  form  of  tubular  canals  lined  with  cylin- 
drical epithelium.    These  gland-like  structures  often  project  into  cysts, 


Fig.  476.— Portion  of  wall  of  colloid  ovarian  cyst.  The  lining  epithelium  is  mostly 
in  the  form  of  goblet  cells,    x  350. 


and  altogether  they  show  a  very  striking  power  of  new-formation. 
The  transformation  of  the  gland-like  tissue  into  cysts  is  readily  seen 
in  many  cases.  The  cylindrical  epithelium  presents  very  markedly 
the  goblet  form  seen  in  mucous  glands  (Fig.  476),  and  it  secretes  a 
mucous  or  colloid  material,  which  accumulates  in  the  cavity  and 
distends  it  more  and  more  into  a  globular  cyst.  We  have  therefore, 
in  the  walls  of  the  cysts,  very  commonly  large  numbers  of  smaller 
cysts  which  take  their  shape  by  mutual  pressure,  as  in  Fig.  477. 
Cysts  formed  in  this  way  project  into  the  already  existing  cysts  as 
they  grow,  and  may  afterwards  burst  and  become  flattened  out  on 
the  wall  of  the  older  cyst.  As  all  the  cysts  have  had  a  similar 
origin,  they  are  lined  with  epithelium,  whose  function  it  is  to  secrete 
a  colloid  or  mucoid  fluid,  and  so  the  cysts,  once  formed,  have  an 
almost  continuous  tendency  to  increase. 

As  regards  the  Origin  and  Significance  of  the  glandular  tissue, 
authors  are  generally  agreed  that,  as  we  have  here  essentially  to 
do  with  glandular  epithelium,  its  origin  is  to  be  referred  to  the 
primordial  epithelial  structures  of  the  ovary.  The  primordial  ovary 
consists  of  a  layer  of  epithelium  on  the  surface  of  a  connective- 
tissue  projection.  The  ova  form  by  the  penetration  inwards  or  re- 
duplication of  this  superficial  epithelium,  which  at  first  forms  a  series 
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of  communicating  channels  or  follicles  which  Waldeyer  compares  to 
a  cavernous  tissue.  By  the  constriction  of  these  canals  the  ova  are 
formed,  it  being  doubtful  whether  the  cells  of  the  membrana 
granulosa  which  lines  the  Graafian  vesicle  are  derived  from  this 
epithelium  or  from  the  connective-tissue  stroma.  The  glandular 
formation  in  ovarian  cystoma  may  be  regarded  as  a  pathological 
and  exaggerated  recurrence  of  the  foetal  condition. 


Fig.  477. — Section  of  portion  of  a  projection  on  internal  surface  of  ovarian  cyst.  It 
consists  of  a  congeries  of  variously  sized  smaller  cysts,    x  20. 


The  Naked-eye  appearances  of  the  colloid  cystoma  are  generally 
quite  characteristic,  and  may  be  inferred  from  Fig.  478,  in  which  a 
tumour  is  shown  in  section  after  hardening.  The  tumour  represents 
an  ovary,  and  its  outer  covering  is  the  outer  covering  of  the  ovary  with 
its  layer  of  endothelium.  The  surface  is  usually  smooth  and  very  often 
free  from  adhesion  to  neighbouring  structures.  In  shape  the  tumour 
is  generally  more  or  less  globular,  but  not  infrequently  it  is  lobulated 
on  the  surface  and  evidently  composed  of  several  cysts.  Although 
the  cyst  is  for  the  most  part  obviously  multilocular,  yet  one  of 
the  cysts  sometimes  attains  such  a  preponderating  size  that  the 
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tumour  is  apparently  unilocular.  In  these  cases  examination  will 
show  the  existence  of  other  cysts  flattened  out  in  the  wall,  or 
collected  here  and  there  in  clusters.  Towards  the  base  of  the 
tumour,  but  also  in  many 
cases  at  various  places,  there 
are  solid  or  semi-solid  masses 
in  which  cysts  are  in  process 
of  development  in  the  way 
already  described.  The  size 
of  the  tumour  is  frequently 
very  great.  On  cutting  into 
it  there  escapes  from  the 
cysts  a  sticky  brownish  or 
yellowish  fluid,  which  is 
tolerably  clear  unless  some 
of  the  secondary  changes  to 
be  presently  described  have 
occurred  in  it.  If,  as  is  usu- 
ally the  case,  there  are  many 
cysts,  they  take  shape  by 
mutual  pressure  against  each 
other,  while  the  general  glob- 
ular outline  of  the  tumour  as 
a  whole  is  preserved. 

As  the  ovary  hangs  free 
in  the  peritoneum  the  tum- 
our also  generally  expands 
outwards  freely,  and  pre- 
serves a  Comparatively  nar-  Fig_  478._Colloid  ovarian  cystoma  in  section  after 
rnw  ntrapVimPnt  rnlWl  thp  hardening.  There  is  one  large  cyst  to  the  right  which 
TOW  attacnment,  Called  me  has  become  shrunk.  The  rest  of  the  tumour  consists  of 
PpHipIp        In    nvarinn    rv«f«     cysts  of  various  sizes,  with  some  solid  tissue.  (About 

reaicie.     in  ovarian  cysts   0^e.third  the  natUrai  diameter.) 
as  excised  the  ala  vesperti- 

lionis  will  generally  be  found  attached  and  nearly  normal,  and  the 
parovarium  is  often  unusually  -well  preserved.  The  expansion  of  the 
tumour  is  very  rarely  upwards  from  the  ovary  into  the  ala  vesperti- 
lionis.  If  it  be  so,  then  the  tumour  is  more  sessile  and  the  Fallopian 
tube  may  be  stretched  over  its  summit. 

Secondary  changes  occur  which  concern  chiefly  the  contents  of 
the  cysts.  It  seems  almost  a  normal  condition  in  large  cysts  that 
the  internal  wall  should  present  collections  of  cells  in  a  state  of 
Fatty  degeneration,  these  cells  being  often  in  many  layers.  Cells 
also  pass  into  the  fluid,  so  that  in  all  ovarian  fluids  cells  are  to 
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be  found  of  round  shape  and  with  oil  drops  in  them.  Many  of 
these  cells  are  doubtless  leucocytes  which  have  emigrated  into  the 
cysts.  The  number  of  these  fatty  cells  may  be  greatly  increased, 
and,  as  many  of  them  in  that  case  break  down,  we  may  have  a 
fluid  which  is  turbid  from  the  presence  of  numerous  fatty  cells  and 
free  oil.  The  fluid  is  also  pale  like  a  fatty  emulsion,  and  in  many 
cases  it  resembles  pus  in  its  naked-eye  appearance.  This  change  is 
most  likely  to  occur  in  old  and  large  cysts,  but  it  is  not  infrequent 
in  younger  and  smaller  ones. 

The  free  fat,  if  long  retained,  forms  Crystals  of  cholestearine,  and 
in  fact  these  crystals  are  frequently  found  in  the  fluid  of  cysts 
which  otherwise  are  not  strikingly  altered. 

Haemorrhage  occasionally  occurs  into  the  cysts,  and  this  will  cause 
the  fluid  to  be  turbid  and  deep  brown  or  red  in  colour.  There 
may  also  be  masses  of  softened  fibrine  in  the  cavity.  Sometimes^ 
however,  the  fluid  has  a  dark  brown  colour  without  haemorrhage. 

Inflammation  of  the  cyst-wall  is  not  of  very  frequent  occurrence. 
There  may  be  an  acute  suppurative  inflammation,  so  that  the 
contents  become  mixed  with  pus  and  assume  more  and  more  of 
the  purulent  character.  With  this  there  is  generally  an  acute  in- 
flammation of  the  surface,  with  fibrinous  exudation  and  adhesion  to 
neighbouring  structures.  If  the  suppuration  continues  there  is  apt 
to  be  perforation  of  the  pus  into  the  abdominal  cavity  with  re- 
sulting fatal  peritonitis.  A  chronic  inflammation  is  more  common, 
causing  adhesion  of  the  cyst  to  neighbouring  parts,  and  these 
adhesions  may  be  very  extensive  and  firm. 

Perforation  or  Rupture  of  the  individual  cysts  which  compose 
the  tumour  is  not  infrequent.  It  has  been  already  stated  that 
coalescence  of  cysts  by  rupture  of  their  adjacent  walls  is  a  regular 
process  in  the  course  of  growth.  A  rupture  externally  is  much 
less  frequent.  It  occurs  by  mechanical  violence,  by  necrosis  of  parts 
of  the  wall  from  interference  with  the  circulation,  from  inflammation, 
or  from  penetration  of  the  wall  by  the  growth  of  the  secondary  cysts. 

The  rupture  occurs  usually  into  the  peritoneum,  but  it  may  be 
into  the  rectum  or  bladder,  inflammatory  adhesions  having  previously 
formed.  According  to  Bland  Sutton  a  cystoma  may  rupture  and 
continue  to  secrete  colloid  matter  which  passes  into  the  peritoneum, 
and  may  collect  there  in  large  quantity.  The  colloid  matter  in  the 
peritoneal  cavity  sets  up  inflammation  which  may  be  somewhat 
acute.  If  it  lasts  for  some  time  there  is  great  thickening,  especially 
of  the  omentum,  which  contains  colloid  masses,  and  looks  like  a 
mass  of  boiled  sago  (Doran  and  Olshausen). 
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3.  Papillomatous  cysts  of  the  ovary. — Cysts  of  this  kind  are 
regarded  by  Doran  and  others  as  originating  in  the  hilum  of  the 
ovary,  and  therefore  as  springing  from  the  remains  of  the  Wolffian 
body.  They  form  large  multilocular  tumours  with  glairy  colloid 
contents  like  those  already  described.  Instead  of  a  glandular  tissue 
in  their  walls  from  which  the  cysts  form,  there  is  a  papillary 
growth  into  the  cavities  of  the  cysts.  The  intra-cystic  growth  con- 
sists of  dendritic  papillae 
covered  with  cylindrical 
epithelium  which  does  not 
take  the  goblet  characters 
(see  Fig.  479). 

This  form  of  cystoma  is 
sometimes  combined  with 
the  other,  as  if  the  new- 
formation  had  originated 
from  both  parts  of  the 
ovary. 

The  papillomatous  cyst 
has  much  more  malignant 
characters  than  the  ordi- 
nary colloid  form.  The 
growing  papillae  not  infre- 
quently pierce  the  wall  of 
the  cyst  and  present  them- 
selves externally.  There 
may  be  thus  a  considerable  shaggy  growth  outside  the  tumour.  Then 
there  may  be,  in  addition,  transplantation  to  other  parts  of  the 
peritoneum,  and  the  papillae  grow  where  they  are  planted.  We  may 
in  this  way  have  shaggy  papillomatous  growths  surrounding  the 
uterus  and  other  structures  in  the  pelvis  and  even  on  the  general 
peritoneum.  The  rupture  of  the  cysts  by  scattering  the  papillae 
produces  similar  results. 

This  form  of  tumour  is  likely  to  be  less  pedunculated  than  the 
former  kind.  Originating  at  the  hilum,  it  may  grow  specially  into 
the  broad  ligament,  distending  it  and  stretching  the  Fallopian  tube, 
somewhat  in  the  fashion  of  the  cysts  of  the  broad  ligament.  There 
are,  indeed,  cases  in  which  it  is  difficult  to  say  whether  the  cyst 
has  originated  in  the  ovary  or  broad  ligament. 

4.  Cysts  of  the  broad  ligament.  Parovarian  cysts.— The  cysts 
included  here  form  a  marked  contrast  to  the  proper  ovarian  ones. 
They  have  no  solid  secreting   tissue,  and   their  contents  are  not 


Fig.  479. — From  a  papillomatous  cyst  of  ovary.  It  con- 
sists of  dendritic  papillae  covered  with  epithelium.  Con- 
trast with  Fig.  475.    x  100. 
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colloid.  They  are  unilocular,  and  they  show  relations  to  the  ovary 
and  Fallopian  tube  which  proclaim  their  origin  in  the  ala  vesperti- 
lionis  which  lies  above  the  ovary,  and  contains  the  parovarium.  It 
is  natural  to  infer  that  they  originate  in  this  rudimentary  organ, 
but  recently  doubts  have  been  raised  as  to  this  as  the  origin  of  all 
these  cysts.  Hence  the  general  term  cysts  of  the  broad  ligament 
is  now  more  frequently  in  use.  It  is  acknowledged  that  some  of 
them  originate  in  the  parovarium,  and,  according  to  Doran,  it  is 
chiefly  those  which  show  papillomatous  ingrowths  which  do  so.  At 
the  same  time,  the  general  characters  of  all  these  cysts  are  other- 
wise so  similar  that  one  is  led  to  infer  a  common  origin,  and  they 
may  be  grouped  together  as  parovarian  cysts. 

The  cysts  of  the  broad  ligament  are  nearly  always  unilocular. 
They  frequently  grow  to  large  dimensions,  and  they  have  a  per- 
fectly simple  connective-tissue  wall,  without  any  trace  of  partitions. 

Growing  between  the  two  folds  of  the  broad  ligament  they  dis- 
tend the  peritoneum  over  them,  and  this  peritoneal  covering,  being 
loosely  attached  to  the  proper  cyst-wall,  can  be  readily  separated. 
As  it  has  attained  to  considerable  thickness  the  peritoneal  coat 
itself  makes  a  distinct  cyst,  like  the  outer  skin  of  a  football.  In 
this  respect  the  cyst  differs  from  the  ovarian  forms,  in  which  no 
such  layer  of  peritoneum  is  distinguishable. 

From  the  position  of  these  tumours,  lying  in  the  position  of  the 
parovarium  between  ovary  and  Fallopian  tube  (see  Fig.  474,  p.  1017), 
they  stretch  these  structures  greatly.  The  figure  shows  that  a  girdle 
is  formed  round  this  part  of  the  broad  ligament,  by  Fallopian  tube, 
ovarian  fimbria,  ovary  and  ovarian  ligament.  This  girdle  remains 
around  the  cyst  but  greatly  elongated.  The  Fallopian  tube  is  en- 
larged and  elongated  till  it  may  measure  fourteen  or  fifteen  inches. 
The  fimbriated  extremity  is  flattened  out  and  exaggerated,  while  the 
ovarian  fimbria  is  stretched  and  thickened.  The  Ovary  generally 
hangs  from  the  lower  part  of  the  cyst,  elongated  and  condensed. 
The  ovarian  ligament  completes  the  girdle.  There  is  thus  no  proper 
pedicle  such  as  ovarian  tumours  usually  have. 

The  contents  of  the  cyst  are  usually  a  clear,  colourless  fluid,  of  a 
specific  gravity  not  greatly  exceeding  1008. 

In  most  cases  the  internal  surface  of  the  cyst  is  smooth,  but 
sometimes  intra-cystic  papillary  growth  occurs,  this  form  being  sup- 
posed to  be  specially  parovarian.  The  papillomatous  cysts,  like  the 
similar  ones  of  the  ovary,  show  malignant  characters. 

Rupture  of  these  cysts  is  not  accompanied  by  the  inflammatory 
manifestations  produced  by  the  ovarian  cysts.     The  papillomatous 
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forms,  however,  may  lead  to  secondary  growths  by  rupture.  The 
ruptured  cyst  may  lie  for  years  in  the  abdomen,  producing  little  or 
no  disturbance,  and  without  any  tendency  to  refill.  This  was  so  in 
a  case  observed  by  G-airdner  and  the  author,  and  preserved  in  the 
Western  Infirmary  Museum. 

5.  Dermoid  cysts  of  the  ovary. — These  are  sometimes  regarded  as 
belonging  to  the  class  of  Teratoma.  They  are  of  comparatively 
frequent  occurrence  in  the  ovary,  and  may  be  bilateral.  In  some 
cases  they  coexist  with  the  commoner  cystic  tumour  of  the  ovary. 
The  cyst  has  a  thick  connective-tissue  wall,  and  is  generally  filled 
with  yellow  masses  of  buttery  material  in  which  numerous  long  hairs 
are  entangled.    Large  quantities  of  this  material  may  be  present. 


Fig.  480. — Section  of  wall  of  dermoid  cyst  of  ovary.  A  congeries  of  sebaceous 
glands  with  open  mouths  (a,  a,  a)  occupy  the  wall.  The  cyst  contained  large  masses 
of  buttery  material  with  hairs,    x  20. 


The  cyst  has  an  internal  lining  of  epithelium  or  epidermis,  but  in 
certain  areas  a  more  complex  structure  is  developed.  Thus  sebaceous 
glands  (Fig.  480),  hairs  (Fig.  481),  bone,  and  even  teeth  may  enter 
into  the  constitution  of  the  wall. 

The  sebaceous  glands  secrete  oil  which  is  fluid  at  the  temperature 

3  T 
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Fig.  481.— Hair  in  its  follicle  with 
sebaceous  gland, from  wall  of  same  cyst 
as  the  former  figure,    x  20. 


of  the  body,  but  on  cooling  forms  the  buttery  mass.  Hairs  are  shed 
as  from  the  ordinary  hairy  parts  of  the  skin,  and  these  accumulate 
amongst  the  oil.     Epidermic  cells  are  also  mixed  with  it.  Teeth 

are  sometimes  present,  not  only  in  the 
walls,  but  in  the  contents,  sometimes  to- 
the  number  of  a  hundred. 

These  cysts  not  infrequently  inflame 
and  may  rupture,  most  frequently  into 
the  bladder  or  rectum,  their  peculiar 
contents  being  discharged,  and  so  reveal- 
ing the  nature  of  the  case.  According  to 
Bland  Sutton,  dermoid  cysts  after  rupture 
may  show  transplantations  on  the  peri- 
toneum. 

6.  Cancer  of  the  ovary  occurs  mostly 
as  a  Cyst  with  cancerous  growths  in  its 
walls.  There  may  be  a  combination  of 
the  colloid  or  papillomatous  cyst  with 
cancer,  or  a  partial  transformation  of  the 
former  into  the  latter.  In  the  ordinary 
ovarian  cyst  the  epithelium  has  a  regular  and  normal  arrangement, 
and  we  may  call  the  tumour  in  that  aspect  an  adenoma ;  in  the  cancer 
the  epithelium  is  distinctly  abnormal  in  its  arrangement,  being  aggre- 
gated into  indefinite  masses.  It  may  happen  that  in  the  midst  of  the 
cancer  the  epithelium  is  undergoing  metamorphosis,  so  that  cysts  are 
developing  from  it  as  from  the  more  regular  granular  tissue. 

Besides  these  cancerous  cysts  we  may  have  a  Solid  cancerous 
tumour  in  the  ovary,  presenting  the  usual  characters,  but,  like  the 
ovarian  tumours,  showing  a  very  excessive  growth. 

7.  Sarcoma  is  a  rare  tumour  in  the  ovary.  Spindle-celled  sarcoma 
is  the  more  usual  form,  but  round-celled  sarcomas  also  occur.  These 
tumours  may  also  assume  very  large  proportions,  reaching  the  size 
of  the  head  sometimes,  and  they  are  not  infrequently  bilateral. 
Cysts  are  frequently  present  in  the  midst  of  them,  and  these  may 
be  simple  serous  cysts  or  they  may  have  colloid  contents.  These 
latter  may  arise  from  glandular  structures,  and  the  disease  may  form 
a  combination  of  the  colloid  cystoma  and  the  sarcoma,  or  they  may 
originate  in  a  softening  of  the  sarcomatous  tissue. 

Myoma  of  the  ovary  forms  a  hard  fibrous-looking  tumour. 
Fibroma  is  not  an  infrequent  tumour.    It  may  grow  to  very  large 
dimensions,  and  by  softening  contain  an  irregular  cystic  cavity.  The 
Chondroma  is  a  much  more  unusual  form. 
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Tumours  of  the  Fallopian  tubes  are  excessively  rare,  but  a  few 
cases  of  papilloma  and  of  cancer  have  been  recorded. 

Tubo-ovarian  cyst  is  a  name  given  to  a  condition  occasionally  met  with  in  which 
the  end  of  the  Fallopian  tube  is  adherent  to  and  communicates  with  an  ovarian 
cyst.  The  tube  is  itself  dilated  in  some  cases,  and  in  some  the  ovarian  cyst 
discharges  into  the  tube. 

The  origin  of  this  condition  is  not  always  clear.  In  some  cases  it  is  evident 
that  a  salpingitis  and  perimetritis  have  caused  adhesion  of  the  tube  to  the 
ovary  and  occlusion  of  its  orifice,  with  resulting  dilatation.  A  chronic  inflam- 
mation of  the  ovary  coinciding  may  lead  to  cystic  formation  in  it,  by  dilatation 
of  the  Graafian  follicles,  and  coalescence  may  result.  A  colloid  cystoma  may 
coincide,  but  this  is  a  rare  circumstance.  According  to  some  authors  a  congenital 
adhesion  of  the  tubes  to  the  ovaries  leads  to  the  tubo-ovarian  cyst  in  some  cases. 

Literature. — Waldeyer,  Eierstock  und  Ei,  1870;  Coblentz,  Virch.  Arch.,  lxxxii. 
and  lxxxiv. ;  Olshausen,  Die  Krankheiten  der  Ovarien,  in  Pitha-Billroth's  Handb. 
der  Chirurgie,  iv.,  1877  ;  Eiedee,  (Gartner's  ducts)  Virch.  Arch.,  xcvi. ;  De 
Sinety  and  Malassez,  Arch,  de  Phys.,  v.,  vi.,  vii. ;  Foulis,  (Development  and 
structure  of  ovary)  Jour,  of  Anat.  and  Phys.,  xiii. ;  Balfour,  (do.)  Quart.  Jour, 
of  Micr.  Science,  xviii.,  1878;  Wilson  Fox,  Med.  chir.  trans.,  xlvii.,  1864;  Spencer 
Wells,  Ovarian  and  uterine  tumours,  1882;  Lawson  Tait,  Path,  and  treatment 
of  dis.  of  ovaries,  4th  ed.,  1883  ;  Doran,  Tumours  of  ovary,  tube,  and  broad 
ligament,  1884;  Howell,  in  Mann's  Syst.  of  Gynecol.,  ii.,  1888;  Bland  Sutton, 
Brit.  Med.  Jour.,  1892,  i.,  1183 ;  also  Surgical  diseases  of  the  ovaries,  etc.,  1891 ; 
Williams  (with  literature),  Papillomatous  tumours  of  the  ovary,  Johns  Hopkins 
Hospital  Keports,  vol.  hi.,  1892. 

B. — The  Decidua,  Chorion  and  Placenta. 

The  pathological  changes  in  these  structures  have  been  very  im- 
perfectly investigated,  and  there  are  many  of  the  lesions  whose 
nature  is  not  clearly  understood. 

The  decidua  is  formed,  under  the  influence  of  pregnancy,  from  the 
mucous  membrane  of  the  uterus.  This  structure  is  greatly  thickened 
and  otherwise  altered  in  structure  in  order  to  accommodate  the 
foetus.  The  membranes  formed  by  the  foetus  are  the  chorion  and 
the  amnion.  The  former  is  originally  covered  by  villi,  which,  in 
a  limited  area,  go  to  form  the  foetal  part  of  the  placenta.  The 
placenta  is  a  joint  product  of  the  maternal  and  foetal  structures, 
the  decidua  furnishing  the  maternal  and  the  chorion  the  foetal  portion. 

1.  Affections  of  the  decidua. — It  is  generally  believed  that  diseases 
of  the  decidua  are  common  causes  of  premature  discharge  of  the 
ovum,  but  little  is  known  as  to  their  nature.  Atrophy  and  hyper- 
trophy are  stated  to  occur,  the  latter  perhaps  as  the  result  of 
inflammation. 
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Inflammation  of  the  decidua  {Deciduitis  or  Endometritis  decidualis) 
apparently  leads  to  various  local  thickenings  and  irregularities  of  the 
decidua.  It  occurs  when,  before  pregnancy,  there  has  been  a  chronic 
inflammation  of  the  mucous  membrane  of  the  uterus.  The  changes 
are  observed  in  the  membrane  discharged  along  with  the  aborted 
foetus. 

Hemorrhage.  The  Sanguineous  or  Fleshy  mole. — Haemorrhage 
from  the  decidua  is  frequent  in  the  course  of  pregnancy,  and  may 
be  the  cause  of  abortion. 

In  some  cases  the  foetus  is  retained  and  the  blood  may  accumulate 
in  the  chorion  and  the  surface  of  the  amnion.  The  blood  coagu- 
lates, and,  the  fibrine  condensing  the  structures,  a  fleshy  mass  is 
produced,  in  the  midst  of  which  the  dead  foetus  may  be  no  longer 
discoverable.  This  mass  may  remain  long  in  the  uterus,  to  be  dis- 
charged afterwards  as  a  fleshy  mole.  Sometimes  it  is  retained  so 
long  as  to  become  infiltrated  with  lime  salts,  a  stony  mole  being 
ultimately  discharged. 

2.  Hydatid  mole. — This  is  an  affection  of  the  chorion,  arising  by 
a  transformation  of  the  villi.  The  villi  are  branching  offshoots 
consisting  of  mucous  tissue,  covered  by  a  layer  of  epithelium.  By 
increase  of  the  mucous  tissue  the  villi  are  converted  into  cyst-like 
bodies  of  considerable  size.  The  hydatid  mole  is  thus  formed  of  a 
mass  consisting  of  the  foetal  membranes,  on  the  surface  of  which 
are  myriads  of  oval  or  round  cyst-like  bodies  which  hang  like 
grapes  on  stalks,  and  often  hang  on  one  another  (see  Fig.  482). 
Thus  a  bulky  mass  is  formed  consisting  of  a  multitude  of  these 
berry-like  cysts.  When  the  altered  membranes  are  opened,  a 
dead  and  blighted  foetus  is  revealed,  generally  in  an  early  stage  of 
development. 

In  an  early  stage  of  development  the  villi  are  present  all  over 
the  chorion,  while  later  on  they  are  limited  to  a  certain  area  forming 
the  foetal  part  of  the  placenta.  If  the  disease  begin  early  the  cyst-like 
bodies  are  present  all  over  the  chorion,  whereas  in  later  periods  they 
occupy  only  the  placental  surface. 

The  altered  chorionic  villi  adhere  to  the  wall  of  the  uterus,  and 
sometimes  are  even  embedded  in  its  substance,  so  that  when  removed 
the  internal  surface  may  be  like  that  of  the  heart,  showing  promi- 
nent trabecule.  There  may  even  be  a  destructive  encroachment  on 
the  uterine  wall. 

The  hydatid  mole  grows  quickly,  so  that  the  enlargement  of  the 
uterus  goes  on  more  rapidly  than  in  a  normal  pregnancy.  The 
mole  is  detached  at  first  in  pieces,  along  with  haemorrhage,  and 
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even  when  the  bulk  of  it  is  discharged,  it  may  be  so  mixed  with 
blood  as  to  be  with  difficulty  distinguished.  The  clear  grape-like 
bodies  afford  the  means  of  distinction. 


Pig.  482.— Portion  of  a  hydatid  mole  showing  the  berry-like  masses.    Natural  size. 

(VlRCHOW.) 

3.  Diseases  of  the  placenta. — The  placenta,  being  rapidly  formed 
and  being  composed  of  a  tissue  intended  for  temporary  purposes, 
is  specially  liable  to  various  degenerations  and  to  disorders  of  the 
circulation. 

Haemorrhage  occurs  in  the  placenta  not  infrequently,  producing 
localized  collections  of  blood,  the  condition  being  called  Apoplexy  of 
the  placenta.  The  placental  villi  are  embedded  in  the  coagulum  and 
someAvhat  concealed. 

The  White  infarction  is  a  somewhat  frequent  lesion  in  the  placenta. 
It  is  found  in  cases  where  the  child  has  been  still-born,  and  it 
implies  grave  disturbance  of  the  circulation  in  the  placenta.  The 
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infarction  forms  a  solid  white  mass,  usually  wedge-shaped,  and 
generally  multiple.  In  it  the  villi  are  dead,  and  fibrine  or  blood 
lies  in  the  spaces.  The  lesion  has  arisen  by  a  process  of  Coagu- 
lation-necrosis like  the  pale  embolic  infarctions  of  the  kidney  and 
spleen. 

The  cause  of  this  localized  necrosis  is  not  clear.  There  is  pro- 
bably an  arterial  obstruction,  which  Ackermann  has  ascribed  to  a 
periarteritis  nodosa.  According  to  Kustner  serious  nutritive  dis- 
turbances during  pregnancy  are  regularly  followed  by  the  formation 
of  numerous  white  infarctions  of  the  placenta. 

Inflammations  of  the  placenta  are  described  as  leading  to  fibrous 
thickenings.  The  inflammation  originates  in  the  decidua  and  extends 
to  the  placental  tissue. 

A  Periarteritis  nodosa  has  been  mentioned  above  as  having  to  do 
with  the  formation  of  the  white  infarctions.  It  appears  indeed  that 
these  infarctions  are  often  regarded  as  due  to  inflammations.  The 
whole  subject  is  in  need  of  further  elucidation. 

Syphilis  leads  in  the  placenta  to  new-formation  of  granulation 
tissue  and  gummata,  causing  the  placenta  to  increase  in  bulk  and 
weight.  From  the  pressure  of  the  new-formed  tissue  on  the  vessels, 
there  is  apt  to  be  degeneration  of  the  placental  structures.  Tuber- 
culosis has  also  been  described  as  occurring  in  the  human  placenta. 

Retrograde  changes  are  frequent  in  the  placenta.  Fatty  degenera- 
tion and  calcareous  infiltration  occur  in  the  various  structures.  The 
placenta  is  sometimes  speckled  all  over  with  small  whitish  spots, 
which  are  areas  in  which  calcareous  deposition  has  occurred.  Along 
with  this  the  microscope  reveals  fatty  degeneration. 

Literature.— Spiegelberg,  Text-book  of  Midwifery  (Syd.  Soc.  transl.),  1887. 
Hydatid  mole — Viechow,  Geschwiilste,  i.,  409  ;  Volkmann,  (Destructive  mole) 
Virch.  Arch.,  xli. ;  Jarotzky  and  Waldeyer,  (do.)  ibid.,  xliv.  Placenta — Maier, 
(Inflammations)  Virch.  Arch.,  xlv. ;  Ackermann,  ibid.,  xcvi. ;  Kustner,  ibid.,  cvi. ; 
Virchow,  (Syphilis)  Geschwiilste,  ii.,  480;  Fraenkel,  Ueber  Placentalsyphilis,  1873  ; 
Schmore  u.  Kockel,  (Tuberculosis)  Ziegler's  Beitrage,  1894,  xvi.,  p.  313. 

C— The  Mammary  Gland. 

The  mammary  gland  is  very  frequently  the  seat  of  tumours.  It 
is  also  very  liable  to  inflammations,  especially  during  lactation. 

I.— MALFORMATIONS,  INFLAMMATIONS,  ETC. 

1.  Malformations  of  the  breast. — One  or  both  mammae  may  be 
absent.  It  is  more  frequent,  however,  to  have  supernumerary  breasts 
or  nipples,  sometimes  three,  four,  or  even  five,  instead  of  two.  The 
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supernumerary  breasts  are  usually  situated  near  the  axillae,  or  under 
the  normal  ones.  But  there  are  cases  in  which  they  have  had  a 
very  abnormal  situation,  as  in  the  inguinal  region,  on  the  thigh,  or 
even  on  the  back.  They  are  usually  small  in  size,  but  in  some  cases 
they  have  produced  milk  during  lactation.  Supernumerary  breasts 
are  more  frequent  in  males  than  females,  and  they  occur  preponder- 
ating^ on  the  left  side.  The  occurrence  of  additional  mammae  is 
not  altogether  extraordinary,  considering  that  in  the  lower  animals 
the  mammae  are  usually  more  in  number  than  in  man. 

2.  Inflammation  of  the  mamma. — This  occurs  not  infrequently 
about  the  period  of  puberty  or  in  connection  with  menstruation, 
but  in  the  majority  of  cases  it  is  related  to  lactation.  In  connection 
with  lactation,  and  especially  at  its  commencement,  the  structures 
in  the  mamma  are  the  seat  of  very  active  processes ;  there  is 
hyperemia  and  an  active  secretion  of  milk.  Under  these  circum- 
stances inflammation  is  more  readily  induced  than  usual,  but  in  cases 
of  acute,  and  more  particularly  suppurative  inflammation,  the  actual 
presence  of  an  irritant  must  be  inferred.  It  may  happen  that  contrac- 
tion of  the  arteries  from  accidental  circumstances,  such  as  exposure 
to  cold,  is  capable  of  setting  up  inflammation.  Even  a  general  irrita- 
tion of  the  vaso-motor  centre,  when  the  skin  is  exposed  to  cold, 
may,  by  reflex  action  on  the  highly  excited  vascular  system  of  the 
mamma  at  the  commencement  of  lactation,  strongly  predispose  to 
inflammation.  The  actual  irritant  finds  access  in  most  cases  by  the 
nipple  and  lactiferous  ducts.  In  many  cases  it  takes  origin  in  cracks 
and  ulcers  of  the  nipple,  the  irritant  which  has  caused  the  lesion  in  the 
nipple  extending  along  the  tubes  and  causing  inflammation  in  the 
mamma.  On  the  other  hand,  an  infective  agent  may  extend  along  the 
ducts  from  without,  apart  from  any  preceding  lesion  of  the  nipple. 

The  inflammation  is  usually  an  acute  one,  and  is  accompanied  by 
exudation,  the  interstitial  tissue  being  packed  with  leucocytes  and 
the  breast  hardened.  This  hardening  is  often  local,  as  the  inflam- 
mation is  usually  to  some  extent  limited  to  certain  parts  of  the 
breast.  Very  often  the  exudation  of  leucocytes  goes  on  to  actual 
suppuration  and  the  formation  of  Abscess,  sometimes  with  sloughing 
of  the  tissue.  The  abscess  so  formed  may  have  extensive  ramifica- 
tions in  the  mamma,  especially  if  the  pus  does  not  get  vent  externally. 
After  evacuation  the  cavity  fills  with  granulation  cells,  and  finally 
closes,  and  a  cicatrix  is  formed. 

A  Chronic  inflammation  resulting,  after  the  usual  manner  of  inter- 
stitial inflammations,  in  induration  of  the  organ,  has  been  described, 
but  is  not  of  frequent  occurrence. 


1032 


FEMALE  GENERATIVE  ORGANS. 


3.  Hypertrophy  of  the  mamma. — In  some  cases  the  mammae  under- 
go a  progressive  enlargement  from  the  new-formation  of  proper 
mammary  tissue.  In  this  way  the  gland  may  come  to  weigh  as 
much  as  thirteen  pounds.  It  is  to  be  remembered  that  a  simple 
enlargement  of  the  fat  around  the  mamma  (lipoma  capsular -e)  may 
imitate  hypertrophy,  which  may  also  be  simulated  by  diffuse  tumours 
of  the  gland. 

4.  Tuberculosis  of  the  mamma. — This,  although  probably  rather 
frequent,  has  only  recently  been  fully  recognized  although  conditions 
of  the  breast  designated  scrofulous  have  been  long  known.  There 
may  be  isolated  caseous  masses  or  they  may  be  more  confluent. 
The  caseous  matter  undergoes  softening  and  opens  spontaneously 
on  the  surface  or  is  punctured.  The  result  is  usually  the  establish- 
ment of  a  fistulous  opening.  Probably  many  of  the  cases  of  chronic 
mastitis  and  of  cold  abscess  are  tubercular. 

The  tuberculosis  of  the  mamma  may  be  secondary  to  that  of  the 
lungs  or  other  organs,  but  it  may  be  primary.  According  to  Verneuil 
the  bacilli  may  find  entrance  by  the  milk  ducts,  and  multiply  in 
the  glandular  structures. 

Tuberculosis  of  the  mamma  occurs  not  infrequently  in  cows  which  are  the 
subject  of  tuberculosis  of  other  parts.  This  fact  is  of  importance  because  the 
bacilli  frequently  find  their  way  into  the  milk  in  such  cases. 

5.  Syphilis  of  the  mamma. — This  is  very  uncommon,  but  cases 
of  gumma  in  the  breast  have  been  recorded. 

Literature. — Malformations — Scanzoni,  Krankh.  der  weibl.  Briiste,  1855;  Velpeau 
Traite  des  malad.  du  sein,  1858 ;  Maschat,  Anom.  de  la  mammelle,  1883 ;  Mitchell 
Bruce,  Jour,  of  Anat.  and  Phys.,  xiii. ;  Sneddon,  Glasg.  Med.  Jour.,  x.,  1878; 
Leichtenstern,  Virch.  Arch.,  lxxiii.,  1878 ;  Champneys,  Med.  chir.  trans.,  1887. 
Tuberculosis — Durant,  Med.  Jour,  of  New  York,  1884 ;  Dubar,  Des  tuberc.  de  la 
mammelle,  1881  ;  Verchere,  (Verneuil)  Des  portes  d'entree  de  la  tuberculose, 
1884;  Berchtold,  Ueb.  Mammatuberculose,  1890;  Koger  Williams,  Dis.  of 
breast,  1844.  Syphilis—- Gromo,  Contrib.  a  l'etude  des  gommes  du  sein,  1878  ; 
Hutchinson,  (Chancres  on  nipples)  Syphilis,  1887,  pp.  101  and  118 ;  Landreau, 
Syphilomes  mammaires,  1874 ;  Lancereaux,  Traite  de  la  Syph.,  1866;  Bumstead 
and  Taylor,  Treat,  on  vener.  dis.  Hypertrophy — Labarrague,  Hypertr.  generale  de 
la  gl.  mammaire,  1875  ;  Olphan,  L'Hypertrophie  mammaire,  1880. 

II.— TUMOURS  OF  THE  MAMMA. 

The  female  breast  is  one  of  the  most  frequent  seats  of  tumours, 
and  they  present  considerable  variety  in  form. 

As  the  two  constituents  of  the  breast  are  the  proper  glandular 
structures  and  the  connective-tissue  stroma,  so  tumours  are  derived 
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from  one  or  other  of  these,  and  belong  to  the  connective-tissue  or 
epithelial  forms.  But  the  connective-tissue  tumours  do  not  originate 
in  a  particular  small  piece  of  tissue,  and  grow  so  as  to  displace  the 
remaining  structures  ;  on  the  contrary,  they  usually  involve  a  con- 
siderable portion  of  the  gland  and  sometimes  its  whole  extent. 
Hence  they  enclose  more  or  less  the  glandular  elements,  and  it  may 
be  impossible  to  say  whether  these  are  increased  so  as  to  form  an 
integral  part  of  the  tumour.  Moreover,  these  glandular  elements 
are  subject  to  great  alterations,  consisting  of  contortions  and  dilata- 
tions, which  also  give  their  character  to  the  tumours,  producing 
fissures  and  cysts  in  them.  Again,  the  tumour  tissue  frequently 
grows  into  the  cysts;  producing  the  so-called  intracystic  growths, 
which  sometimes  assume  a  papillomatous  character. 

It  will  be  inferred  that  the  distinction  between  connective-tissue 
and  glandular  tumours  is  frequently  difficult,  and  that  dilatation  of 
the  gland  structures,  implying,  as  it  does,  new-formation  of  these, 
gives  a  partly  glandular  character  to  a  large  proportion  of  the  tumours. 

The  atypical  mammary  tumours  show  a  great  preponderance  in 
frequency,  especially  the  cancers.  According  to  statistics  collected 
hj  Gross,  there  were  in  973  tumours,  832  cancers  (85-5  per  cent.)r 
and  77  sarcomas. 

Amongst  the  typical  tumours,  the  lipoma,  chondroma,  and  myoma 
are  excessively  rare,  and  require  little  notice. 

Lipoma  occurs  doubtfully  as  a  solid  tumour  in  the  midst  of  the  gland.  The 
Lipoma  capsulare  is  also  rare.  In  it  the  adipose  tissue  around  the  gland  undergoes 
great  increase,  while  the  gland  itself  atrophies.  Such  tumours  may  assume 
enormous  dimensions,  weighing  up  to  100  pounds. 

Chondroma  rarely  occurs  as  an  independent  tumour,  but  cartilage  is  sometimes 
found  in  sarcomas  and  cancers.  Bone  sometimes  exists  in  fibromas,  causing  a 
partial  conversion  of  them. 

Myoma  (leiomyoma)  sometimes  develops  in  connection  with  the  nipple.  Billroth 
observed  a  case  in  which  striated  muscle  existed  in  an  adeno-sarcoma. 

1.  Adenoma  and  Fibroma.  Adeno-fibroma. — The  boundaries  be- 
tween the  adenoma  and  fibroma  are  not  well-marked.  They  are 
both  slow-growing,  non-malignant  tumours,  generally  of  hard  con- 
sistence, distinctly  encapsuled,  and  not  infrequently  multiple.  Many 
tumours  which  are  regarded  as  glandular  by  some  authors  are 
described  as  fibromas  by  others. 

The  Adenoma  is  a  purely  glandular  tumour.  It  occurs  either  in 
the  substance  of,  or  in  the  neighbourhood  of  the  gland.  It  has  a 
fleshy  feel  and  a  lobulated  outline.  On  section  it  is  white  in 
colour  and  frequently  shows  cysts,  but  without  intracystic  growth. 
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There  is  preserved  in  the  Museum  of  the  Western  Infirmary  a  glandular  tumour 
whose  situation  was  behind  the  gland,  which  had  to  be  cut  through  in  order  to 
remove  it.  The  tumour  was  almost  like  a  supernumerary  mamma,  and  had  to 
the  naked  eye  and  microscopically  very  much  the  structure  of  an  inactive  mamma 

(see  Fig.  483).  The  tumour 
was  removed  from  a  young 
lady  aged  21,  and  had  been 
observed  for  two  years, 
growing  latterly  more  rap- 
idly. 

Under  the  microscope 
the  adenoma  presents 
elongated  and  enlarged 
acini  and  ducts  (see  Fig. 
116,  p.  278,  and  Fig. 
472),  and  these  com- 
monly show  dilatation, 
so  that  cysts  are  present 
in  the  majority  of  cases. 

The  Fibroma  or 
Adeno-fibroma  is  a  hard 
fibrous  tumour,  gene- 
rally with  a  lobulated 

outline,  and  distinctly  encapsuled.  On  section  it  shows  a  glistening, 
fibrous  appearance,  but  this  is  rarely  homogeneous.  There  are  usually, 
even  to  the  naked  eye,  indications  of  the  presence  of  glandular  struc- 
tures, and  these  are  often  dilated  into  cysts.  The  whole  tumour  may 
be  a  congeries  of  cavities,  which  only  partly  contain  fluid,  but  are 
largely  filled  up  with  foliaceous  or  dendritic  structures  composed  of 
tumour  tissue  projecting  into  them. 

These  tumours  are  sometimes  the  seat  of  calcareous  deposition  and 
of  osseous  formation.  There  may  be  a  partial  myxomatous  trans- 
formation leading  in  this  way  to  cysts. 

Under  the  microscope  wavy  fibrous  tissue  predominates.  There 
are  also  glandular  structures  visible,  which  are  either  ill-developed 
or  contorted  and  dilated  as  in  Fig.  485. 

2.  Myxoma. — In  this  rare  form  of  mammary  tumour,  the  mucous 
tissue  develops  from  the  stroma  of  the  gland,  and  it  may  involve 
one  or  more  lobules,  or  the  whole  gland,  which  is  then  converted 
into  a  bulky  tumour.  Sometimes  the  mucous  tissue  grows  into  the 
milk  ducts,  forming  the  Myxoma  intmcanaliculare  arborescens  of 
Virchow. 

The  tissue  may  be  pure  mucous  tissue,  but  it  is  subject  to  various 


Fig.  483. -  Section  of  an  adenoma  of  mamma.  Glandular 
structures  of  well-formed  outline  are  shown  in  the  midst  of 
fibrous  tissue,    x  90. 


SARCOMA  OF  MAMMA. 


1035 


modifications.  It  may  be  unduly  cellular  so  as  to  approach  to  the 
sarcoma,  or  it  may  be  mixed  with  fat  or  fibrous  tissue.  It  also 
contains  glandular  tissue,  which  may  be  dilated  into  cysts. 

This  form  is  more  malignant  than  the  adeno-fibroma,  being  more 
liable  to  recur  after  removal. 

3.  Sarcoma.  Adeno-sarcoma.  Cysto-sarcoma.  —  The  two  last- 
mentioned  names  imply  that  the  glandular  structures  take  an 
important  part  in  giving  character  to  sarcomas  of  the  mamma, 
although  the  connective-tissue  structures  are  those  essentially  engaged. 

The  line  of  demarcation  between  the  sarcoma  and  the  fibroma  is 
not  absolutely  distinct,  and  there  seems  no  doubt  that  the  latter 
may  develop  into  the  former  by  an  atypical  process  of  growth 
supervening.  , 

The  spindle-cellecl  sarcoma  is  the  commonest  form.  The  cells  are 
usually  small,  and  there  may  be  a  considerable  amount  of  fibrous 
intercellular  substance.  The  tumour  is  usually  hard  and  variously 
modified  by  the  presence  of  gland  tissue.  The  round-celled  sarcoma 
is  unusual,  and  generally  forms  a  soft  tumour.  The  cells  may  be 
small  so  as  to  be  like  lymphoid  cells,  or  larger.  The  giant-celled 
sarcoma  is  very  rare ;  there  are  smaller  cells  and  gigantic  ones.  The 
pigmented  sarcoma  is  also 
rare ;  the  cells  are  usually 
round,  but  sometimes 
spindle-shaped. 

The  sarcoma  is  gene- 
rally solitary.  It  may  be 
distinctly  demarcated, 
occupying  a  small  part 
of  the  breast,  but  it  not 
infrequently  extends  so  as 
to  involve  the  whole 
mamma.  It  may  grow 
slowly,  but  is  apt,  after  a 
period  of  slow  growth, 
suddenly  to  enlarge  rap- 
idly. 

The  Adeno-sarcoma  is 

a  tumour  in  which  the 
glandular  structures  are 
specially  abundant.  It  is  usually  a  small,  comparatively  isolated 
tumour,  somewhat  resembling  the  adeno-fibroma,  and,  like  this 
tumour,  it  is  not  infrequently  multiple.    Under  the  microscope  it 


Fig.  484. — Adeno-sarcoma  of  mamma.  The  glandular  struc- 
tures are  numerous  but  irregular  in  form.  The  cellular 
character  of  the  basis-tissue  is  not  well  shown,    x  64. 
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usually  shows  abundant  glandular  structures  somewhat  contorted, 
with  a  spindle-celled  tissue  between  (Fig.  484). 

The  Cysto-sarcoma  shows  many  gradations.  There  may  be  such 
simple  dilatations  as  those  indicated  in  Fig.  485,  or  there  may  be 


Fig.  4S5.— Semidiagrammatic  view  of  dilated  granular  spaces  in  a  cysto-sarcoma  of 
the  mamma.  The  spaces  are  lined  with  cylindrical  epithelium.  The  tendency  to 
intra-cystic  growth  is  shown,  especially  in  the  upper  one.  These  were  drawn  under 
the  camera  lucida  so  that  the  outlines  are  correct,    x  62. 


large  cavities.  Great  complication  is  sometimes  produced  by  intra- 
cystic  growth  of  the  sarcomatous  tissue,  as  in  the  cystic-fibroma. 

Besides  these  variations  due  to  the  mixture  with  glandular  tissue, 
the  sarcoma  is  subject  to  other  modifications.  It  may  contain  Car- 
tilage, as  in  the  case 
from  which  Fig.  486  was 
taken.  In  this  case  the 
tumour  contained  well- 
formed  fibrous  tissue 
and  cartilage,  but  also, 
apparently  as  a  more 
recent  development, 
spindle-celled  tissue,  and 

Fig.  486.— Section  of  cartilaginous  part  of  a  tumour  of  mamma  a  tissue  Consisting  of 
which  contained  besides  spindle-celled  and  fibrous  tissue.  X  200.  , 

closely  aggregated  car- 
tilage cells  with  little  hyaline  matrix.  Bone  also  occurs  occa- 
sionally. 

Mucous  transformation  sometimes  occurs,  and  cysts  may  arise 
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in  this  way.  There  is  also  fatty  degeneration,  calcareous  infiltra- 
tion, and  haemorrhage,  especially  in  the  quickly  growing  and  softer 
forms. 

Sarcomas  are  very  malignant.  On  removal  they  are  even  more 
apt  to  return  than  cancers,  and  they  also  tend  by  metastasis  to 
give  rise  to  secondary  tumours  in  internal  organs,  the  metastasis 
occurring  by  the  blood. 

4.  Cancer  of  the  mamma. — According  to  what  has  been  stated  in 
the  general  section  of  this  work,  we  have,  in  cancer,  an  aberrant 
growth  of  epithelium  as  the  foundation  process.  In  the  more  usual 
or  ordinary  cancers  the  process  begins  in  the  glandular  acini. 
At  the  growing  margin  of  the  tumour  the  epithelium  of  the  acini 
is  seen  to  be  proliferating,  so  that  the  acini  are  distended  and  en- 
larged. Along  with  the  new-formation  of  epithelium  in  the  acini 
there  is  a  formation  of  round  cells  in  the  connective  tissue  around. 
The  epithelium  of  the  acini  next  grows  through  the  basement 
membrane,  forming  penetrating  processes,  and  the  round  cells  de- 
velop connective  tissue  which  frequently  causes  great  contraction 
of  the  tumour  (Scirrhus).  It  is  as  if  the  epithelium,  growing  out- 
wards, acted  as  an  irritant,  causing  inflammatory  new-formation  in 
the  interstitial  tissue  of  the  gland.  Where  the  case  is  very  chronic 
the  connective-tissue  formation  may  be  very  pronounced,  but  when 
more  acute  the  epithelial  elements  preponderate. 

A  special  group  of  cases  has  been  distinguished  by  Thin  under 
the  name  of  Duct  cancer.  The  peculiarity  of  this  class  is  that  the 
lesion  begins  in  the  large  ducts  near  the  nipple,  and  extends  from 
these,  first  to  the  smaller  ducts  and  then  to  the  glandular  paren- 
chyma. The  ducts,  larger  and  smaller,  are  distended  with  growing 
epithelium.  The  tumour  in  the  gland  itself  has  the  characters  of 
ordinary  cancer,  so  that  the  name  duct  cancer  refers  chiefly  to  the 
mode  of  invasion. 

Paget's  disease  or  Eczema  of  the  nipple,  also  called  Dariers 
disease,  frequently  precedes  or  accompanies  the  occurrence  of  cancer 
of  the  mamma,  and  the  form  of  cancer  is  Duct  cancer.  This  associa- 
tion is  important,  from  the  fact  that  in  Paget's  disease  coccidia  are 
stated  to  occur  in  the  epithelium.  Eczema,  as  indicated  in  the  section 
on  Diseases  of  the  Skin,  is  an  inflammation  of  the  skin,  in  which  both 
the  epidermis  and  the  superficial  layers  of  the  cutis  are  engaged. 
The  superficial  or  papillary  region  of  the  skin  may  be  replaced 
almost  entirely  by  round  cells,  and  the  condition  is  somewhat  like 
that  of  a  granulating  wound.  The  epithelium  of  the  surface  takes 
little  part  in  the  process,  and  it  may  be  lost,  so  that  the  granulation 
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tissue  is  exposed.  The  connection  of  this  disease  with  cancer  is 
not  perfectly  clear.  Perhaps  the  most  probable  suggestion  is  that 
the  causative  agent  begins  by  acting  on  the  surface  structures,  and 
afterwards  extends  by  the  nipple  into  the  ducts,  producing  duct 
cancer.  A  further  extension  into  the  gland  leads  to  the  lesions  of 
ordinary  cancer.  According  to  Thin,  however,  the  cancer  of  the 
ducts  is  present  from  the  first,  but  is  concealed  by  the  eczema. 

In  its  atypical  growth  the  glandular  epithelium  sends  its  pro- 
cesses into  the  Lymphatic  spaces  of  the  connective  tissue.  There  is 
commonly  a  further  extension  to  the  lymphatics  outside  the  gland. 
These  are  sometimes  seen  distended  by  cancerous  growth,  but  even 
without  this  obvious  involvement  the  infection  has  often  spread  to 
the  axillary  glands.  These  may  be  but  slightly  enlarged  and  yet 
the  seat  of  distinct  cancerous  new-formation. 

Forms  of  cancer  of  the  mamma. — The  various  forms  are  not 
absolutely  separable  one  from  the  other.  They  all  originate  in  the 
glandular  structures,  and  they  are  distinguishable  chiefly  by  varia- 
tions in  the  proportion  of  cells  and  stroma,  and  also  by  the  trans- 
formations of  these. 

(a)  Fibrous  cancer.    Scirrhus. — This  is  the  commonest  form,  con- 
stituting about  95*5  per  cent,  of  the  cases  (Gross).     The  epithelial  I 
masses  form  elongated  processes  (Figs.  487  and  139,  p.  307)  in  the! 
midst  of  an  excessive   stroma  composed   of  fibrous  tissue.  The 
epithelial  cells  are  often  atrophied  so  that  in  some  parts  of  the  I 
tumour  there  is  little  beyond  dense  connective  tissue.    The  cancer 
commonly  forms  a  limited  infiltration  of  a  part  of  the  gland  rather 
than  a  proper  tumour,  and  as  the  tissue  contracts  there  is  com- 
monly an  actual  diminution  of  bulk  with  great  induration.  The 
gland  is  distorted  and  puckered  towards  the  affected  part. 

Very  often  the  disease  is  continuous  with  the  nipple,  and  by  the  j 
dragging  of  the  tissue  the  nipple  is  drawn  in,  sometimes  even  form- 
ing an  umbilicated  depression.  The  tumour  is  very  irregular  in  its} 
extension  in  the  gland,  and  it  very  often  happens  that  in  the  midst  I 
of  hard  scirrhous  tissue  some  Adipose  tissue  appears.  In  like 
manner  pieces  of  the  gland  tissue  may  crop  up  amidst  the  contract- 
ing tumour. 

The  skin  is  frequently  involved  in  the  cancer.    The  cancer  reach-  ;- 
ing  the  skin  sends  narrow  processes  of  epithelium  amongst  the  1 
connective  tissue,  which  forms  the  cutis  vera,  so  as  to  produce  an! 
infiltration  and  thickening  of  this  structure.     When  the  skin  is 
largely  replaced  by  the  cancerous  tissue  Ulceration  usually  occurs, 
generally  beginning  about  the  site  of  the  nipple  and  areola.  The 
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ulcer,  at  first  a  mere  excoriation,  is  liable  to  become  crater-shapecl 
with  dense  prominent  walls.  Sometimes  after  formation  of  the  ulcer 
the  growth  of  the  cancer  becomes  more  rapid. 


Fig.  487. — Section  of  cancer  of  mamma  from  a  recent  nodule.  Epithelial  cells  in 
spaces  formed  by  connective  tissue  ;  these  are  sometimes  in  single  rows,  and  by 
multiplication  form  larger  masses,    x  200.    (Cornil  and  Ranvier.) 


When  the  mamma  is  cut  into,  either  the  whole  gland  or  a  portion 
of  it  is  seen  to  be  occupied  by  a  dense  mass  of  a  greyish  colour 
on  the  cut  surface.  It  is  very  hard  to  cut,  and  the  cut  surface  is 
commonly  concave,  the  elasticity  of  the  dense  connective  tissue  pro- 
ducing retraction.  In  the  general  grey  basis  there  are  various 
whitish  or  yellowish  pieces  which  represent  the  remains  of  mam- 
mary or  adipose  tissue,  or  the  cancerous  epithelium  in  a  state  of 
fatty  degeneration.  If  the  cut  surface  be  scraped  a  thickish  juice 
is  obtained,  which  microscopic  examination  shows  to  be  composed 
of  epithelial  cells  and  their  debris.  Many  of  the  cells  are  large  and 
well-formed  though  variously  shaped,  while  some  may  contain  en- 
closures which,  under  the  newer  views,  are  regarded  as  parasitic. 
The  cells  have  often  double  nuclei  (see  Fig.  488).  There  are  also 
free  nuclei  which  have  escaped  from  cells  as  a  result  of  mechanical 
interference  in  the  process  of  preparing  the  specimen.     Many  of 
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Fig.  4S8.— Cells  in  the  juice  scraped  from  a  scirrhus  of 
mamma.  They  are  of  very  irregular  shape.  Most  of  them 
contain  several  nuclei  and  some  daughter  cells,    x  200. 


the  cells  present  fatty  degeneration  ;  in  fact,  very  often  nearly  all 
contain  fatty  granules,  and  there  are  some  completely  degenerated, 

showing  nothing  but  an 
aggregation  of  fat  drops 
like  the  compound  granular 
corpuscle  (see  Fig.  61,  p. 
178). 

The  secondary  tumours 
in  the  lymphatic  glands 
also  show  an  excessive 
development  of  fibrous 
stroma,  which,  however, 
usually  forms  a  more  dis- 
tinct meshwork  than  that 
in  the  mamma,  while  the 
epithelial  cells  form  more  definite  groups. 

(b)  Soft  or  Acute  cancer. — This  forms  the  opposite  extreme  to 
scirrhus,  and  there  are  all  intervening  grades.  In  the  soft  cancer 
we  have  a  bulky  tumour  of  soft  consistence  and  rapid  growth. 
There  is  a  well-formed  alveolar  stroma,  and  the  cells  are  somewhat 
loosely  contained  in  it.  The  tumour  involves  neighbouring  tissues, 
very  readily  infiltrating  the  skin,  subjacent  muscle,  and  even  the 
osseous  ribs  and  the  pleura.  This  form  is  sometimes  present  simul- 
taneously in  both  breasts.  On  section  the  tumour  presents  a  grey 
brain-like  appearance.  The  juice  furnishes  numerous  cells,  which 
are  in  groups,  as  shown  in  Fig.  127,  p.  293.  As  the  tumour  com- 
monly extends  to  the  skin,  we  may  have  ulcers  with  fungating  pro- 
minence of  the  tissue.  The  lymphatic  glands  are  early  affected,  and 
they  also  may  ulcerate. 

Many  large  tumours  of  the  mamma  of  comparatively  rapid  growth  do  not 
correspond  with  the  description  either  of  the  soft  or  medullary  cancer  or  of 
scirrhus.  In  their  minute  structure  they  are  more  like  scirrhus,  and  perhaps 
may  be  designated  Acute  scirrhus.  They  have  a  remarkably  firm  fibrous  stroma, 
but  it  forms  distinct  meshes  in  which  the  epithelial  masses  are  contained  with 
considerable  regularity.  The  cancer  cells  are  large  and  essentially  like  those 
in  scirrhus.  The  tumour  as  a  whole  also  is  hard,  this  depending  on  the 
abundance  and  density  of  the  stroma. 

(c)  Colloid  cancer. — As  compared  with  scirrhus,  this  is  a  rare 
form  of  tumour,  constituting  about  1-34  per  cent,  of  the  total  cases. 
Colloid  degeneration  may  affect  the  cells  of  an  ordinary  cancer,  pro- 
ducing a  partial  metamorphosis.  In  true  colloid  cancer,  however, 
the  tissue  as  a  whole  presents,  from  the  first,  a  tendency  to  colloid 
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degeneration.  The  entire  mamma  is  commonly  affected,  and  it  is 
greatly  enlarged,  while  it  presents  a  hard  feeling  like  that  of  acute 
scirrhus.  On  section  the  tumour  has  a  nickering  gelatinous  appear- 
ance. Under  the  microscope  there  is  the  usual  pronounced  stroma 
with  colloid  material  in  the  meshes.  In  the  midst  of  the  colloid 
masses  there  are  often  seen  groups  of  cells,  the  remains  of  the 
epithelium. 

A  very  infrequent  variety  is  sometimes  described  under  the  desig- 
nation Mucous  cancer.  It  forms  a  large  gelatinous  tumour  which, 
on  microscopic  examination,  shows  epithelial  masses  embedded  in 
a  gelatinous  nickering  stroma. 

Cysts  are  not  of  frequent  occurrence  in  cancers,  but  in  some 
cases  cystic  formation  is  so  characteristic  as  to  warrant  the  name 
of  Cystic  cancer. 

5.  Cysts  of  the  mamma. — It  has  been  already  pointed  out  that 
cysts  frequently  complicate  other  tumours,  especially  adeno-fibromas 
or  sarcomas,  but  sometimes  cancers.  Cysts  also  occur  independently, 
and  they  too  most  frequently  originate  from  the  gland  structures. 

Most  cysts  of  the  mamma  belong  to  the  group  of  Retention  cysts, 
arising  in  consequence  of  obstruction  of  the  ducts.  The  cause  of 
obstruction  is  sometimes  an  interstitial  inflammation,  and  in  that 
case  the  cysts  will  usually  be  small  and  multiple,  just  as  they  are 
in  the  kidneys  in  interstitial  nephritis.  In  other  cases  the  cause  is 
obscure,  and  as  the  cysts  may  assume  a  large  size  the  origin  is 
perhaps  embryonic. 

(1)  Multiple  cysts  in  old  people  (Involution  cysts)  occur  in  connec- 
tion with  involution  of  the  gland.  The  cysts  are  usually  small, 
about  the  size  of  small  shot  or  hemp-seed,  but  may  be  larger. 
When  unopened  they  have  a  greenish  or  blackish  appearance,  and 
they  contain  a  glairy  fluid  in  which  fat  and  epithelial  cells  are  present. 

(2)  Simple  cysts  may  grow  to  a  large  size,  forming  tense  thin- 
walled  sacs.  They  are  usually  single,  but  if  of  small  size  they  may 
be  multiple.  Their  contents  vary  considerably,  being  usually  serous 
or  sero-sanguineous,  but  sometimes  they  are  deep  brown  in  colour 
and  contain  fat  and  cholestearine.  In  some  cases  they  contain 
milky  fluid,  in  which  case  they  would  be  called  galactoceles. 

(3)  Galactoceles  or  Lacteal  cysts  arise  usually  when  the  gland  is 
active.  They  are  found  chiefly  in  the  neighbourhood  of  the  nipple, 
arising  by  dilatation  of  the  larger  ducts.  They  contain  milk,  usually 
like  ordinary  milk,  but  sometimes  altered  so  as  to  resemble  cream 
or  thickish  oil,  or  curd,  or  butter.  These  cysts  are  usually  solitary, 
and  are  very  rare. 
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(4)  Connective  tissue  cysts  have  been  recently  described  and  are 
supposed  to  be  of  lymphatic  origin.  They  have  thick  walls  and  the 
connective  tissue  may  be  indurated  around  them.  Hence  they  re- 
semble scirrhus  in  their  clinical  aspects.  The  internal  surface  is 
lined  with  a  flat  endothelium.    The  cysts  are  single  or  multiple. 

Parasites  in  the  mamma. — The  only  parasite  of  any  consequence 
is  the  Echinococcus  which  forms  hydatid  cysts.  These  may  be 
with  difficulty  discriminated  from  simple  cysts,  and  as  there  is 
sometimes  considerable  induration  around  them,  they  may  also  be 
mistaken  for  cancers. 

The  Cysticercus  cellulosae  has  also  been  observed  in  the  mamma 
(Guermonprez). 

Literature. — Tumours — Astley  Coopee,  Illustr.  of  dis.  of  breast,  1829  ;  Birkett, 
Dis.  of  breast,  in  Holmes'  Surg.,  iv.,  1870 ;  Velpeau,  Treatise  on  dis.  of  breast 
(Syd.  Soc.  transl.),  1856;  Billroth,  Die  Krankh.  der  weibl.  Brustdrusen,  1880 ; 
Creighton,  Phys.  and  path,  of  breast,  2nd  ed.,  1886;  Gross,  Treat,  on  tumours 
of  mammary  gland,  1880,  and  article  in  Mann's  Syst.  of  Gynecology,  1888 ; 
Bryant,  Diseases  of  breast,  1887 ;  Boger  Williams,  Dis.  of  breast,  1894.  Eczema, 
of  nipple — Paget,  St.  Barth.  Hosp.  Bep.,  1874;  Butlin,  Med.  chir.  trans.,  lx.  and 
lxiv. ;  Thin,  Path,  trans.,  xxxii.,  1881,  p.  218 ;  Munro,  Glasg.  Med.  Jour.,  xvi., 
1881  ;  Darter,  Ann.  de  Dermat.,  x.,  1889  ;  Wickham,  Arch,  de  path,  exper.,  ii., 
1890 ;  Boeck,  Arch.  f.  Dermat.,  xxiii.,  1891 ;  Petersen,  Centralbl.  f.  Bakt.,  xiv., 
1893;  Hutchinson,  Jr.,  Path,  trans.,  xli.,  1890,  p.  214.  Cysts — Gross  and 
Bryant,  1.  c.  Parasites — Haussmann,  Parasiten  der  Brustdriise,  1874 ;  Guermon- 
prez, Lyon  med.,  1883 ;  Thomas,  Hydatid  disease,  1894,  vol.  ii. 

Subsection  II. — DISEASES  OF  THE  MALE  GENERATIVE 

ORGANS. 

A. — The  Testicle  and  Tunica  Vaginalis. 

1.  Malformations  and  Misplacements  of  the  testicle. — The  testicle 
may  be  absent  on  one  or  both  sides,  while  the  vesiculse  seminales 
and  vasa  deferentia  are  perfect.  Or  the  vas  deferens  may  be  deficient 
while  the  testis  is  well  developed. 

Imperfect  descent  of  the  testis,  or  Cryptorchismus,  is  a  very 
frequent  and  important  condition.  The  descent  of  the  testis  occurs 
normally  before  birth,  but  in  a  considerable  number  of  cases  the 
organ  has  not  yet  appeared  externally  at  birth.  In  the  majority  of 
such  cases  it  comes  down  within  the  first  week,  but  it  is  sometimes 
delayed  for  months  or  a  year,  or  even  till  puberty.  When  thus 
delayed  the  descent  is  very  often  imperfect,  so  that  the  gland 
remains  in  the  inguinal  canal  or  at  the  ring.  On  the  other  hand, 
the  testis  may  be  retained  throughout  life  in  the  abdomen.  The 
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testicle  retained  in  the  abdomen  or  on  the  way  down  is  usually 
imperfectly  developed,  and  although  apparently  of  normal  size,  it 
does  not  generally  contain  spermatozoa  in  its  tubules.  It  is  also 
more  prone  to  Inflammation  and  to  the  Formation  of  tumours  than 
the  normally  placed  testis,  especially  when  retained  in  the  inguinal 
canal  where  it  is  exposed  to  external  violence.  Gangrene  is  also  of 
occasional  occurrence  in  a  retained  testicle.  It  may  arise  from  in- 
flammation occurring  while  the  testis  is  in  a  restricted  space,  more 
especially  in  the  groin,  or  it  may  result  from  torsion  of  the  cord  in- 
cluding its  artery.  When  it  is  late  of  descending  the  accompanying 
pouch  of  peritoneum,  which  forms  the  tunica  vaginalis,  is  apt  to  remain 
open  and  so  to  induce  a  Congenital  hernia. 

Besides  these  congenital  misplacements,  we  may  have  the  testis 
descending  into  the  crural  canal,  or  into  the  perineum. 

2.  Inflammation  of  testicle  and  epididymis.  Epididymitis. 
Orchitis. — Most  inflammations  begin  in  the  epididymis,  and  may 
remain  limited  to  it  or  extend  to  the  testicle.  In  the  causation  two 
groups  of  cases  are  recognizable,  one  in  which  an  affection  of  the 
urethra  has  preceded  the  disease,  and  the  other  in  which  the  infection 
has  occurred  through  the  blood. 

To  the  first  group  belong  cases  of  urethritis,  chiefly  gonorrhceal, 
also  cases  in  which  the  inflammation  has  succeeded  catheterization. 
In  explanation  of  the  transference  of  the  inflammation  from  the 
urethra  to  the  testis  the  terms  metastasis  and  sympathy  have  been 
used.  It  may  be  that  reflex  contraction  of  the  vessels  of  the  testicle 
may  induce  a  testitis,  but  there  seems  little  doubt  that  in  most  cases 
there  is  an  actual  propagation  of  the  inflammation  by  the  vas  deferens. 
The  urethritis  of  gonorrhoea  is  due  to  a  specific  microbe,  which  may 
advance  by  multiplication,  and  after  catheterization  there  may  be  a 
septic  urethritis  and  microbes  may  similarly  extend.  This  implies 
that  the  vas  deferens  is  inflamed  in  its  course  from  the  one  situation 
to  the  other,  and  there  are  often  symptoms  of  this. 

Orchitis  is  an  occasional  accompaniment  of  Parotitis  or  Mumps. 
It  is  probable  that  here  the  two  local  manifestations  are  due  to  the 
specific  infection  which  is  present  in  the  blood.  Orchitis  also  occa- 
sionally accompanies  or  succeeds  certain  other  general  diseases, 
such  as  typhoid  fever,  small-pox,  gout,  scarlet  fever,  and  acute  ton- 
sillitis. 

The  inflammation  usually  begins  in  the  epididymis,  and  generally 
remains  almost  limited  to  that  structure.  There  is  hyperemia  and 
serous  exudation  producing  great  swelling.  At  the  same  time  there 
is  often  serous  fluid  in  the  tunica  vaginalis.    The  testis  itself  is 
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usually  but  slightly  swollen.  There  may  be  resolution  without  sup- 
puration, or  the  disease  may  become  chronic,  or  suppuration  may 
occur.  In  the  latter  case  an  abscess  or  abscesses  form  in  the  epi- 
didymis or  testicle,  and  these  may  burst  externally.  On  the  other 
hand,  the  abscess  may  dry-in  and  form  a  caseous  mass,  which  becomes 
surrounded  by  a  fibrous  capsule.  This  mass  may  ultimately  become 
calcareous. 

Chronic  orchitis  may  arise  out  of  an  acute  attack,  whether  sup- 
purative or  not.  Most  cases  of  so-called  spontaneous  orchitis  are 
really  syphilitic  or  tubercular.  The  ordinary  chronic  orchitis  is 
characterized  by  new-formation  of  connective  tissue  in  the  stroma  of 
the  organ,  and  consequent  induration  of  it.  The  tubules  atrophy 
and  the  whole  organ  is  reduced  in  bulk  and  hardened.  Generally 
on  section  it  can  be  seen  that  the  albuginea  and  the  septa,  which 
proceed  towards  the  mediastinum,  are  greatly  thickened.  At  the 
same  time  there  is  frequently  adhesion  of  the  tunica  vaginalis  so  as 
to  obliterate  the  sac. 

3.  Syphilitic  disease  of  the  testicle. — This  occurs  in  two  forms, 
namely,  as  a  late  manifestation  of  the  secondary  stage  or  as  a  tertiary 
lesion.  In  the  former  case  there  is  a  generalized  inflammation  leading 
to  induration  like  a  chronic  orchitis.  The  albuginea  is  thickened 
and  the  trabecule  are  enlarged  as  they  converge  towards  the  medi- 
astinum. In  the  tertiary  form  there  is  more  abundant  granulation 
tissue  along  with  gummata.  The  gummata  may  undergo  caseous 
necrosis,  and  by  coalescence  of  neighbouring  tumours  we  may  have 
considerable  masses  of  caseous  material.  In  the  midst  of  this  caseous 
material  the  outlines  of  the  seminal  tubes  can  sometimes  be  made 
out,  indicating  that  the  necrosis  has  overtaken  the  proper  tissue  as 
well  as  the  new-formed. 

4.  Tuberculosis  of  the  testicle. — This  is  a  somewhat  frequent 
disease,  occurring  not  uncommonly  in  childhood  and  youth.  The 
path  by  which  the  tubercle  bacillus  reaches  the  organ  has  not  been 
unequivocally  determined.  The  fact  that  the  epididymis  is  usually 
the  primary  seat  suggests  an  extension  from  the  urethra,  as  in  the 
case  of  gonorrhceal  epididymitis.  But  in  the  present  case  tuberculosis 
of  the  urethra  does  not  precede  that  of  the  testicle,  and  it  is  difficult 
to  believe  that  the  bacilli  can  travel  up  the  long  urethra  of  the 
male  and  thence  along  the  vas  deferens,  in  both  cases  against  the 
current  of  the  fluid  conveyed  by  these  tubes,  in  order  to  lodge  in 
the  epididymis,  and  that  without  producing  any  disease  in  the  passage. 
It  is  more  probable  that  infection  is  through  the  blood,  the  condition 
being  analogous  to  tuberculosis  of  the  bones.     This  conclusion  is 
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confirmed  by  the  fact  that  injury  to  the  testis  is  undoubtedly,  in 
some  cases,  an  element  in  the  causation. 

As  a  general  rule  the  tuberculosis  begins  in  the  epididymis.  The 
result  is  great  thickening  and  the  formation  of  a  caseous  mass,  enclosed 
very  often  in  a  firm  fibrous  capsule.  Thus  a  firm  elongated  tumour 
may  form  behind  and  partly  surround  the  testicle  (see  Fig.  489).  In  the 
testicle  also  caseous  centres  form, 
at  first  isolated,  but  afterwards 
running  together  into  consider- 
able masses.  The  caseous  masses 
are  very  dense,  but  after  a  time  they 
generally  break  down,  and,  having 
burst  externally,  tedious  fistulae  are 
the  consequence. 

When  the  testicle  is  examined  in 
section  the  caseous  structure  is 
seen  to  be  surrounded  by  a  trans- 
parent grey  tissue,  in  which  tubercles 
are  present.  This  inflammatory  and 
tubercular  structure  by  its  pressure 
destroys  the  tubules  for  the  most 
part,  and  portions  of  necrosed  tub- 
ules are  sometimes  expelled  along 
with  the  softened  caseous  material. 

Tuberculosis  of  the  testicle  some- 
times leads,  after  it  has  discharged  externally,  to  a  protrusion  of  the 
testicular  tissue,  constituting  the  so-called  Fungns  or  Hernia  of  the 
testis.  A  similar  result  sometimes  occurs  in  Syphilis.  The  dense 
tunica  albuginea,  when  stretched  by  the  new-formation,  may  force  the 
tissue  through  the  opening  so  that  it  protrudes  externally.  The  pro- 
truded mass  contains  tubules,  and  is,  in  fact,  the  everted  tissue  of 
the  testicle. 

As  previously  mentioned,  tuberculosis  of  the  testis  often  extends 
along  the  vas  deferens  to  the  vesiculse  seminales,  prostate,  and  bladder, 
and  sometimes  from  the  bladder  to  the  ureters  and  kidney.  There 
is  a  tuberculosis  along  this  whole  course,  and  not  a  mere  conveyance 
of  the  bacillus  along  intact  channels. 

5.  Tumours  of  the  testicle. — These  are  mostly  somewhat  malignant 
in  their  characters,  and  there  is  a  peculiar  tendency  to  a<  mixed 
structure. 

Enchondroma  is  not  infrequent  in  the  testicle.  It  is  usually  mixed 
with  other  forms,  but  it  may  occur  pure.    As  the  tissue  here  is 


Fig.  489. — Tuberculosis  of  testicle.  The 
epididymis  is  greatly  enlarged  and  partly 
surrounds  the  testicle. 
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heterologous  it  often  shows  malignancy.  Thus  it  has  been  found 
growing  into  the  lymphatics  and  blood-vessels  around,  and  it  forms 
secondary  tumours  in  the  lungs.  For  the  rest,  the  occasional  occur- 
rence of  fibromas,  lipomas,  myomas  of  the  striated  variety,  and  even 
osteomas,  has  been  observed. 

Cystic  tumours. — The  cystic  tumours  of  the  testicle  show  con- 
siderable analogies  with  those  of  the  mamma  and  are  capable  of  a 
somewhat  similar  division.  The  cysts  in  all  cases  originate  in  gland 
tissue,  which  is  believed  by  some  to  be  the  regular  seminal  tubules, 
but,  according  to  Eve,  is  rather  the  rudiments  of  the  Wolffian  body 
which  are  retained  at  the  hilum  of  the  testis,  as  similar  remains 
exist  at  the  hilum  of  the  ovary  (see  p.  1017).  The  tumours  originate 
chiefly  at  the  hilum,  and  the  tissue  of  the  testis  may  be  spread  over 
them. 

The  tumours  may  be  of  considerable  size,  and  present  cysts  of 
various  shapes  and  sizes.  The  cysts  are  usually  lined  with  cylin- 
drical epithelium  which  is  sometimes  ciliated.  The  epithelium  some- 
times has  the  characteristic  goblet  form,  such  as  that  in  the  colloid 
ovarian  cystoma. 

The  stroma  varies  greatly  in  structure.  It  may  be  fibrous,  in 
which  case  the  tumour  may  be  called  an  Adeno-fibroma  or  a  Cystic 
fibroma,  or  it  may  be  sarcomatous,  in  which  case  the  term  Adeno- 
sarcoma  or  Cystic  sarcoma  is  used.  In  some  cases  it  has  the  structure 
of  mucous  tissue,  hence  Cystic  myxoma.  It  is  not  uncommon  to  find 
pieces  of  cartilage  in  the  stroma,  and  pieces  of  striated  and  of  smooth 
muscle  have  been  found. 

Dermoid  cysts  are  also  met  with  having  a  complex  structure  like 
those  of  the  ovary  and  containing  hairs  and  sebaceous  matter. 

The  spermatocele  is  also  properly  a  cyst  of  the  testicle,  but  it  is 
considered  below  along  with  hydrocele. 

Sarcomas  occur  frequently  mixed  with  tissue  of  other  tumours,  as 
the  myxoma,  enchondroma,  etc.  Even  when  the  tumour  is  a  pure 
sarcoma  there  may  be  combined  the  structures  of  various  forms  of 
this  tumour,  spindle  cells,  round  cells,  and  mucous  tissue.  There 
may,  however,  be  a  simple  round-celled  sarcoma.  The  sarcomas 
generally  form  large  tumours  of  soft  consistence  and  rapid  growth, 
and  usually  originate  in  the  substance  of  the  testicle.  They  occur 
in  comparatively  young  persons,  and  are  prone  to  metastasis,  the 
secondary  tumours  occurring  mainly  in  the  lungs. 

Cancer  of  the  testicle  connects  itself  with  the  cystic  and  adenoid 
sarcomas.  It  appears  that  not  infrequently  the  glandular  tissue  in 
these  tumours  has  more  of  the  irregular  atypic  cancerous  character 
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than  of  the  strictly  glandular,  and  in  particular  the  epithelial  masses 
do  not  possess  a  membrana  propria.  These  characters  are  also  ex- 
pressed in  the  fact  that  sometimes  these  tumours  extend  to  the 
neighbouring  lymphatic  glands,  while  others  penetrate  more  readily 
into  the  veins. 

Proper  cancer  of  the  testis  is  mostly  a  large  quickly  growing  soft 
tumour — Medullary  cancer.  It  involves  the  whole  organ  as  well  as 
the  epididymis,  converting  them  together  into  a  massive  tumour. 
It  may  also  extend  along  the  vas  deferens,  and  to  the  lymphatic 
glands,  inguinal,  lumbar,  and  pre-vertebral.  From  these  glands  it 
may  extend  to  the  radicles  of  the  portal  vein  and  so  produce  tumours 
in  the  liver,  or  more  frequently  to  the  radicles  of  the  vena  cava, 
producing  tumours  in  the  lungs.  In  the  midst  of  the  tumour  we 
may  have  cysts  formed  by  mucous  or  fatty  degeneration. 

The  cancerous  tissue  is  derived  from,  the  epithelium  of  the  seminal 
tubules,  and  the  stroma  from  the  interstitial  tissue.  In  a  case  of 
cancer  of  the  testicle  in  an  infant  the  author  found  the  interstitial 
tissue  presenting  the  characters  of  mucous  tissue.  It  is  necessary 
to  mention  that  tumours  may  arise  in  connection  with  the  blood- 
vessels, which  have  a  resemblance  in  their  structure  to  cancers,  but 
which  are  properly  plexiform  angio-sarcomas. 

6.  Hydrocele. — By  this  name  is  meant  the  accumulation  of  fluid 
in  the  tunica  vaginalis.  The  fluid  is  serous  and  the  cause  of  its 
accumulation  is  believed  by  some  to  be  inflammation.  On  the  other 
hand  the  absence  of  pain  and  the  infrequency  of  adhesion  of  the  sac 
are  in  favour  of  a  non-inflammatory  origin,  and  the  hydrocele  may 
be  the  result  of  a  local  dropsy  to  which  the  dependent  position  of 
the  sac  predisposes.  Cases  of  Acute  hydrocele  have  been  observed 
in  which  the  disease  is  undoubtedly  inflammatory,  fibrine  being 
deposited  on  the  surface  as  well  as  fluid  accumulated  in  the  sac. 

In  ordinary  Chronic  hydrocele  fluid  slowly  accumulates  and  distends 
the  sac,  and  so  a  bulky  tumour  is  formed  which  is  pear-shaped  with 
its  blunt  end  downwards.  The  fluid  is  usually  a  clear  serum  with 
a  specific  gravity  of  1022  to  1024,  but  sometimes  it  is  slightly 
opalescent.  In  the  true  hydrocele  this  is  not  from  the  presence  of 
spermatozoa,  but  from  the  existence  of  fine  fat  drops,  resulting  from 
degeneration  of  the  leucocytes  floating  in  the  fluid.  There  may 
even  be  cholestearine  crystals  formed  in  this  way. 

Not  infrequently  haemorrhage  occurs,  most  commonly  as  the  result 
of  a  blow  or  other  injury,  and  the  hydrocele  becomes  a  Hematocele. 
The  blood  mostly  coagulates,  and  the  coagulum  through  time  under- 
goes various  changes,  softening  into  a  brown  pultaceous  material 
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or  into  a  brown  turbid  fluid,  in  which  are  enormous  numbers  of 
cholestearine  crystals.  The  blood  seems  to  act  as  an  irritant  to 
the  tunica  vaginalis,  causing  often  a  very  great  thickening  of  it. 
The  interior  also  is  rough  and  sometimes  presents  considerable  pro- 
jections. The  thickened  cyst  may  contract  somewhat  so  that  the 
tumour  is  reduced  in  size.  This  thickening  of  the  wall,  even  when 
the  contents  are  fluid,  may  cause  the  hematocele  to  be  mistaken 
for  a  solid  tumour,  and  castration  has  often  been  performed  under 
this  belief. 

A  hydrocele  or  hematocele  may  be  cured  by  the  fluid  being 
absorbed,  the  result  being  adhesion  of  the  opposed  surfaces  of  the 
tunica  vaginalis  and  obliteration  of  the  sac. 

In  the  condition  named  Congenital  hydrocele  the  tunica  vaginalis 
retains  its  communication  with  the  peritoneal  cavity.  The  fluid 
may  come  from  the  peritoneal  cavity,  or  may  originate  as  in  an 
ordinary  hydrocele.  It  can  be  pressed  into  the  peritoneum  through 
the  neck.  It  will  be  understood  that  a  congenital  hernia  may 
coincide  or  alternate  with  this  form  of  hydrocele. 

7.  Spermatocele.  Encysted  hydrocele. — In  this  affection  there  is 
a  cyst  having  in  many  cases  much  the  external  appearance  of 
hydrocele,  but  containing  a  fluid  in  which  spermatozoa  are  abundantly 
present.  In  other  respects  also  the  condition  differs  from  that  in 
hydrocele,  for  we  have  here  not  merely  an  accumulation  in  an 
existing  sac,  but  a  proper  new-formed  cyst.  Hence  the  name 
Encysted  Hydrocele  is  often  used  as  equivalent  to  spermatocele.  The 
cyst  is  most  frequently  single,  but  there  may  be  several  or  many. 

The  cyst  arises  in  connection  with  the  epididymis  for  the  most 
part,  and  probably  takes  origin  in  one  or  more  aberrant  tubules 
which  have  formed  blind  diverticula  from  the  seminal  tubules.  It 
usually  arises  near  the  upper  end  of  the  epididymis,  but  it  may 
be  at  the  lower  end  or  from  the  rete  testis.  The  cysts  grow  often 
to  a  large  size,  and  they  sometimes  push  themselves  into  the  sac 
of  the  tunica  vaginalis,  inverting  one  layer  of  the  wall  against  the 
other.  As  a  rule,  the  tunica  vaginalis  is  found  below  and  in  front 
of  the  cyst,  this  position  being  connected  with  the  origin  of  the 
cyst  in  the  neighbourhood  of  the  epididymis. 

The  fluid  from  these  cysts  has  a  peculiar  opalescent  appearance, 
which  is  due  to  the  presence  of  multitudes  of  lively  spermatozoa. 
The  existence  of  these  shows  that  the  cyst  has  retained  its  con- 
nection with  the  seminal  tubules.  The  cyst  is  usually  lined  with 
a  ciliated  epithelium,  but  in  large  ones  the  pressure  of  the  fluid 
may  cause  these  cells  to  assume  the  pavemented  form. 
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It  will  be  observed  that  the  spermatic  cysts  are  comparable  in 
their  origin  to  the  parovarian  cysts. 

Other  forms  of  hydrocele  have  been  described,  but  they  require 
only  a  passing  notice.  There  may  be  an  encysted  hydrocele  without 
spermatozoa  in  the  fluid.  Then  there  is  encysted  hydrocele  of  the 
cord,  sometimes  arising  by  a  portion  of  the  communication  between 
the  tunica  vaginalis  and  the  peritoneum  remaining  unobliterated 
and  becoming  the  seat  of  an  accumulation  of  fluid.  There  is  also 
diffused  hydrocele  of  the  cord,  in  which  there  is  an  oedematous 
condition  of  the  connective  tissue  around  the  spermatic  cord.  There 
may  even  be  a  hydrocele  from  a  hernial  sac,  which  has  got  emptied 
of  its  contents  and  shut  off  from  the  peritoneum  by  adhesion  of 
the  neck. 

8.  Some  other  affections  of  tunica  vaginalis.    Free  bodies  are  not 

infrequently  met  with  in  the  sac.  The  bodies  are  somewhat  similar 
to  those  found  in  the  sheaths  of  tendons  and  elsewhere.  Their 
numbers  vary  in  the  individual  cases,  but  they  have  been  found  up 
to  several  thousands  in  one  case. 

Tuberculosis  of  the  tunica  vaginalis  occurs  by  secondary  exten- 
sion from  the  testicle  on  the  one  hand  and  from  the  peritoneum  on 
the  other.  The  latter  can  only  occur  when  the  original  communication 
between  the  tunica  vaginalis  and  the  peritoneal  cavity  remains  open, 
as  in  congenital  hernia,  and  a  tubercular  peritonitis  happens  to  super- 
vene. Several  cases  of  this  kind  have  been  observed  in  children. 
The  testicle  is  liable  to  be  involved  by  further  extension. 

Tumours  of  the  tunica  vaginalis.  The  principal  form  of  tumour 
observed  is  the  Sarcoma.  The  tumours  are  liable  to  grow  round 
the  testicle  and  to  compress  it. 

Literature. — Jacobson,  Diseases  of  the  male  organs,  1893.  Curling,  Dis.  of 
testis,  4th  ed.,  1878 ;  Kocher,  Krankh.  d.  Hodens,  1874.  Gangrene — Jacobson, 
1.  c.,  p.  55  ;  Nash,  St.  Barth's.  Hosp.  Eep.,  xxix.,  193.  Tumours — Eve,  (Cystic 
testicle,  with  literature)  Path,  trans.,  xxxviii.,  1887;  Neumann,  (Myoma  strio- 
cellulare)  Virch.  Arch.,  ciii.,  1886;  Paget,  (Enchondroma  and  other  tumours) 
Surg.  Path.,  1870.  Tuberculosis—  Reclus,  Du  tubercule  du  testicule,  1876 ; 
Waldstein,  Virch.  Arch.,  lxxxv.,  1881.  Syjihilis — Reclus,  Syph.  du  testicule, 
1882,  and  Gaz.  Hebd.,  1883.  Tunica  vaginalis — Sultan  (free  bodies,  with 
literature),  Virch.  Arch.,  cxl.,  1895;  Stiles  (tuberculosis),  Edin.  Hosp.  Rep.,  h\, 
1894. 

B. — The  Penis,  Scrotum,  Prostate,  and  Vesicul^e  Seminales. 

1.  The  Penis. — Ulcers  or  Chancres  are  the  commonest  forms  of 
disease.    The  soft  chancre  is  an  ulcer  which  has  its  usual  seat  on 
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the  glans  or  fraenum.  See  further  under  Skin  diseases.  The  hard 
chancre  is  the  primary  syphilitic  sore,  and  as  such  has  already 
been  described  at  p.  215. 

Another  syphilitic  manifestation  is  the  Condyloma,  which  forms 
a  warty  outgrowth  sometimes  of  considerable  size.  There  may  be 
large  groups  of  papillae  forming  a  cauliflower-like  tumour. 

Gummata  are  very  rare  in  the  penis,  but  they  do  occur.  They 
are  stated  to  be  in  some  cases  the  precursors  of  cancer. 

Tuberculosis  of  the  penis  is  rare,  but  cases  are  recorded  in  which 
the  prepuce  became  infected  as  a  result  of  the  rite  of  circumcision 
having  been  performed  by  a  person  affected  with  tuberculosis  of  the 
lungs. 

Cancer  of  the  penis  occurs  in  the  form  of  epithelioma.  It  begins 
usually  in  the  glans,  and  the  tumour  is  often  covered  with  prominent 
papillae,  which  give  it  a  highly  characteristic  warty  appearance,  like 
the  cauliflower  excrescence.  The  papillae  are  sometimes  greatly 
elongated  like  villi,  so  as  to  appear  almost  filiform  in  appearance. 
The  tumour  may  remain  long  without  ulceration,  but  usually  sooner 
or  later  breaks  down,  and  there  are  sometimes  deep  ulcerating 
fissures  or  fistulae  between  the  groups  of  papillae. 

2.  The  Scrotum. — Cancer  is  somewhat  common,  and  the  disease 
is  so  frequent  amongst  chimney-sweepers  that  it  is  often  called 
chimney-sweepers'  cancer.  In  Glasgow  it  has  been  found  that  workers 
in  paraffin  refineries  are  also  liable  to  this  disease.  It  generally 
forms  a  flat  tumour  from  whose  surface  prominent  papillae  protrude. 
Through  time  ulceration  occurs  and  the  testicle  may  be  exposed. 
Dark  pigmentation  of  the  skin  is  not  infrequent  around  the  cancer. 

Elephantiasis  of  the  scrotum  is  referred  to  at  p.  239,  and  illustrated 
in  Fig.  91. 

Lymph  scrotum  has  already  been  referred  to  in  connection  with 
the  filaria  sanguinis.  In  it  there  is  a  varicose  condition  of  the 
lymphatic  vessels  of  the  scrotum  with  the  formation  of  vesicles  in 
the  skin.  These  frequently  burst  and  discharge  fluid.  In  some 
cases  the  filaria  is  present  in  the  blood.  The  lymphatic  glands  of 
the  groin  are  indurated,  and  the  dilatation  of  the  lymphatics  has 
been  ascribed  to  the  obstruction  of  these  vessels  in  the  glands  by 
the  embryo  filariae  (see  p.  398). 

3.  The  Prostate. —A  very  important  lesion  of  this  structure  is 
Hypertrophy.  The  common  enlargement  of  old  age  is  due  chiefly 
to  increase  of  the  muscular  substance.  This  enlargement  exists  in 
about  30  per  cent,  of  men  above  60  years  of  age.  It  develops 
slowly  without  any  apparent  cause,  and  in  this  respect  has  the 


ENLARGED  PROSTATE. 


1051 


characters  of  a  tumour.  Sometimes  the  prostate  enlarges  uniformly, 
and  it  may  reach  the  size  of  the  fist.  But  sometimes,  with  or 
without  a  general  enlargement,  there  is  a  more  local  hypertrophy, 
forming  the  so-called  third  lobe  of  the  prostate,  which  projects  in- 
wards at  the  neck  of  the  bladder,  and  is  sometimes  so  large  as 
to  act  like  a  valve  to  the  orifice  of  the  urethra.  This  third  lobe 
scarcely  exists  as  a  visible  lobe  when  the  normal  prostate  is 
examined  after  laying  open  the  bladder,  and  when  thus  visible  it 
is  entirely  a  new-formation.  The  effect  of  enlargement  of  the 
prostate  on  the  urethra  is  to  be  noted.  If  there  is  a  general  en- 
largement the  urethra  is  necessarily  elongated  in  its  prostatic  portion, 
and  whereas  normally  this  portion  measures  inches  in  length  it 
may  come  to  be  4  inches.  At  the  same  time  the  tube  may  be 
narrowed  and  even  distorted.  If,  for  instance,  the  central  part  of 
the  prostate  is  specially  hypertrophied,  then  the  urethra,  being  pushed 
upwards,  has  on  section  a  crescentic  shape  with  the  convexity  up- 
wards ;  or  if  one  side  is  larger  than  the  other,  there  will  be  a 
convexity  towards  the  opposite  side. 

Besides  this  muscular  hypertrophy  the  more  unusual  hypertrophy 
of  the  glandular  structure  is  to  be  mentioned.  The  glandular  structure 
may  increase  with  the  muscular,  but  sometimes  enlarges  by  itself, 
so  that  we  have  an  adenoma  of  the  prostate. 

Cancer  of  the  prostate  is  not  of  frequent  occurrence.  The  gland 
enlarges  and  the  disease  is  apt  to  extend  to  neighbouring  structures. 

Tuberculosis  occurs  not  infrequently  in  the  prostate  and  vesiculse 
seminales  in  conjunction  with  similar  disease  in  other  parts  of  the 
urino-genital  passages.  There  is  caseous  necrosis  with  ulceration 
as  usual,  and  this  may  cause  even  perforation  into  the  rectum  or 
bladder. 

Concretions  are  of  frequent  occurrence  in  the  prostate  in  old 
persons.  They  are  formed  in  the  gland-ducts  and  are  of  various 
sizes,  from  very  minute  to  the  size  of  a  grain  of  corn.  When  small 
they  are  colourless,  but  as  they  enlarge  they  frequently  become 
blackish  or  reddish  brown  in  colour.  They  are  round  or  oval  in 
form  and  frequently  present  concentric  stratification  (Fig.  69,  p.  189). 
They  have  usually  a  central  cavity.  Very  commonly  these  bodies 
present  the  character  of  amyloid  bodies,  giving  a  bluish  or  mahogany 
red  colour  with  iodine.  Sometimes  they  contain  lime  salts  in  their 
substance.  They  may  pass  into  the  urethra  and  escape  with  the 
urine.  While  in  the  prostate  they  do  not  appear  to  produce  much 
disturbance. 

4.  Spermatic  cord  and  vesiculse  seminales. — The  spermatic  cord,  in 
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the  part  of  its  course  outside  the  inguinal  canal,  is  liable  to  varicose 
dilatation  of  its  veins,  constituting  Varicocele  (see  p.  502).  There 
is  also  an  occasional  occurrence  of  hemorrhage  into  the  cord,  con- 
stituting a  hematoma. 

Tuberculosis  is  a  somewhat  frequent  disease  in  the  cord  and 
vesiculse  seminales  by  propagation  from  the  testicle.  The  disease 
may  be  unilateral  and  in  the  vesiculse  seminales  may  lead  to  a  very 
marked  one-sided  enlargement.  There  are  the  usual  phenomena  of 
thickening  by  new-formation  of  granulation  tissue  and  tubercles  and 
caseous  necrosis.  There  may  be  in  the  vesiculse  considerable  ulceration 
with  discharge  of  the  products  into  the  urethra.  The  tuberculosis 
may  further  extend  to  prostate,  bladder,  ureter,  and  kidney. 

Concretions  are  sometimes  found  in  the  vesiculse  seminales  like 
those  in  the  prostate. 

Literature. — Penis;  Gummata — Ozanne,  Eev.  de  la  Chir,  1883.  Tuberculosis — 
Lehmann,  Deutsch.  Med.  Woch.,  1886,  Nos.  9-13;  Loewenstein,  Die  Impftuber- 
culose  des  Prasput,  1889;  Kkaske,  Ziegler's  Beitrage,  x.,  1891,  p.  204. 
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DISEASES  OF  THE  SKIN  AND  ITS  APPENDAGES. 


Introduction,  as  to  normal  structure.  I.  Hyperemia,  Hemorrhage,  and  (Edema, 
including  Angioneuroses.  II.  Retrograde  changes.  1.  Atrophies  of  skin, 
hair,  and  pigment  ;  2.  Pigmentations ;  3.  Necrosis,  including  ulcers.  III. 
Inflammations.  Causation.  1.  Inflammatory  skin  eruptions,  the  individual 
lesions,  and  different  forms ;  {a)  Sudamina,  (5)  Erythema  and  Roseola, 
(c)  Eczema,  {d)  Psoriasis,  (e)  Pityriasis  rubra,  (/)  Lichen  ruber,  (g)  Prurigo, 
{h)  Pemphigus,  (i)  Acne.  2.  Symptomatic  Inflammations,  in  acute  fevers, 
chiefly  small-pox.  3.  Inflammations  from  heat,  cold,  and  injury,  (a)  Burns 
and  scalds,  in  three  degrees,  (6)  Frost-bite  and  chilblain,  (c)  Wounds  and 
excoriations.  4.  Infective  inflammations.  (a)  Boil  and  carbuncle,  (b) 
Cadaveric  infection,  (c)  Phlegmonous  inflammation,  (d)  Soft  chancre,  (e) 
Malignant  oedema,  (/)  Anthrax,  {g)  Hospital  gangrene.  IV.  Specific  new- 
formations.  1,  Syphilis,  in  primary,  secondary,  and  tertiary  forms ;  2. 
Tuberculosis,  as  Lupus,  Scrofuloderma,  and  Pathological  Wart  ;  3.  Leprosy, 
4.  Elephantiasis ;  5.  Frambcesia.  V.  Trophoneuroses.  Causation.  1.  From 
nerve-leprosy ;  2.  From  nerve-syphilis  ;  3.  Herpes  ;  4.  Glossy  skin  ;  5.  Sclero- 
derma and  Morphcea.  VI.  Hypertrophies  and  Tumours.  1.  Ichthyosis, 
2.  Corn,  3.  Wart,  4.  Soft  wart  or  mole,  5.  Angioma,  6.  Keloid,  7.  Molluscum 
contagiosum,  8.  Fibroma  molluscum,  9.  Xanthoma,  10.  Simple  tumours, 
11.  Xeroderma  pigmentosum,  12.  Sarcoma,  13.  Cancer.  VII.  Parasitic  affections, 
chiefly  from  fungi.  1.  Favus,  2.  Ringworm,  3.  Pityriasis  versicolor,  4. 
Animal  parasites. 


IHE  diseases  of  the  skin  are  exceedingly  manifold,  and  the  names 


-1-  applied  to  them  somewhat  complicated.  In  this  section  an 
endeavour  is  made  to  summarize  the  pathological  conditions  and 
group  together  the  various  diseases  according  to  the  nature  of  the 
lesion. 

Normal  structure. — The  Corium  or  True  skin  is  a  very  vascular 
'dense  membrane  composed  of  interlacing  fibres  of  connective  tissue, 
with  numerous  elastic  fibres.  It  is  richly  supplied  with  nerves,  and 
possesses  bundles  of  smooth  muscle.  It  has  also  a  rich  system  of 
lymphatic  vessels.      In  the  corium   we  may  distinguish  a  super- 
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ficial  or  Papillary  layer  and  a  deeper  one.  Many  of  the  diseases 
affect  the  papillary  layer  especially. 

The  Epidermis  on  the  surface  of  the  corium  is  in  several  layers 
(Fig.  490).    Most  superficial  is  the  horny  layer  (a)  composed  of  flat 


Fig.  490. — Section  of  epidermic  layer  of  skin  with  a  hair  and  its  follicle,  a,  horny 
layer  ;  b,  stratum  lucidum  ;  c,  Malpighian  layer  with  (d)  the  deepest  layer  of  cylindri- 
cal cells  ;  e,  hair,  whose  sheath  presents  two  layers,  one  continuous  with  the  horny 
and  the  other  with  the  Malpighian  layer,    x  350. 


cells,  which  are  little  more  than  scales,  and  have  lost  their  nuclei. 
Next  comes  the  stratum  lucidum  (b)  composed  of  flat  transparent 
cells.  Most  deeply  situated  is  the  stratum  mucosum  or  rete  Mal- 
pighii,  composed  of  cells  which,  in  the  deepest  layer,  are  cylindrical, 
but  towards  the  surface  become  polygonal  and  flattened.  In  the 
deeper  layers  the  cells  are  serrated  at  the  margins,  so  as  to  give 
the  appearance  of  prickles  by  which  the  cells  fit  into  each  other. 
The  Malpighian  layer  extends  between  the  papillae  of  the  corium, 
forming  interpapillary  processes. 

The  Sebaceous  glands  may  be  regarded  as  modified  prolongations 
of  the  Malpighian  layer.  They  are  mostly  connected  with  hair  fol- 
licles into  which  they  open,  but  sometimes  large  glands  are  connected 
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with  small  hairs  and  small  glands  with  large  hairs,  while  there  are 
glands  not  connected  with  hairs  at  all.  The  Sudoriparous  glands 
are  usually  situated  beneath  the  skin,  their  ducts  passing  through 
corium  and  epidermis,  having  a  spiral  course  in  the  latter.  The 
Hairs  are  composed  of  horny  epidermis,  and  are  placed  in  follicles. 
In  the  latter,  two  layers  of  epidermis  can  be  distinguished  (Fig. 
490),  the  outer  root-sheath  corresponding  with  the  Malpighian  layer, 
and  the  inner  root-sheath  corresponding  with  the  horny  layer.  At 
the  bottom  of  the  follicle  is  a  papilla  continuous  with  the  corium, 
and  on  this  is  set  the  bulb  of  the  hair.  The  Nails  are  composed  of 
compressed  horny  epidermis.  Beneath  the  nail  are  still  two  layers 
of  epidermis,  a  horny  layer  of  loose  cells,  and  a  Malpighian  layer 
covering  well-formed  papillae. 

The  exposed  position  of  the  skin  renders  it  very  liable  to  the 
influence  of  agents  acting  from  without.  It  is  also  liable  to  be 
influenced  by  irritants  circulating  in  the  blood,  in  which  case  the 
skin  affection  will  probably  be  an  insignificant  part  of  a  general 
condition.  The  skin  again  is  liable  to  be  affected  by  states  of  the 
nervous  system.  From  these  remarks  it  will  be  inferred  that  the 
inflammations  of  the  skin  are  its  most  important  morbid  conditions, 
and  will  call  most  largely  for  description. 

The  skin,  like  other  structures,  and  more  obviously  from  its 
visibility,  presents  great  differences  in  detail  of  structure  in  different 
individuals.  These  are  variations  in  pigmentation,  fineness  of  texture, 
vascularity,  elasticity,  etc.,  which  form  parts  of  the  individual  con- 
stitution of  the  person.  One  of  the  most  striking  variations  is  an 
extreme  elasticity  of  the  skin  presented  by  some  individuals,  so  that 
it  can  be  laid  hold  of  and  drawn  outwards  from  the  underlying 
parts.  Of  similar  constitutional  significance  are  the  varying  suscep- 
tibilities to  morbid  influences  which  different  individuals  present. 
This  is  exemplified  in  many  forms  of  disease  of  the  skin. 

Literature. — General  works — Erasmus  Wilson,  Dis.  of  skin,  18(57;  Neumann, 
(Pathological  anatomy  is  very  good)  Lehrb.  d.  Hautkrank.,  1880  ;  Hebra  and 
Kaposi,  Dis.  of  skin  (Syd.  Soc),  1866-1880;  Duhring,  (literature  very  complete) 
Dis.  of  skin,  1882  ;  Ziemssen,  Handbook  of  Dis.  of  skin,  1885  ;  Kaposi,  Haut- 
krankheiten,  1893 ;  M'Call  Anderson,  Dis.  of  skin,  1894 ;  Path,  very  fully  in 
Unna,  Die  Histopathologic  der  Hautkrankheiten  (part  of  Orth's  Path.  Anat.), 
1894  ;  also  in  Atlas  by  Leloir  and  Vidal,  the  plates  of  which  give  histology  of 
skin  diseases  with  great  accuracy.  Elastic  skin —  Ohmann-Dumesnil,  Internat. 
Med.  Mag.  i.,  1892. 


1056 


THE  SKIN  AND  APPENDAGES. 


I.  — HYPEREMIA,  HAEMORRHAGE,  (EDEMA  OF  THE  SKIN. 

The  skin  is  very  liable  to  variations  of  its  blood  supply.  An  active 
Hyperemia  hardly  occurs  as  a  pathological  condition  except  as  part 
of  an  inflammation.  Passive  hyperemia,  on  the  other  hand,  is 
exceedingly  common  as  a  result  of  general  venous  engorgement, 
especially  in  disease  of  the  heart.  From  the  blue  colour  assumed 
by  the  skin  in  passive  hyperemia  the  condition  is  designated 
Cyanosis. 

Local  variations  in  the  circulation  also  occur  by  stimulation  of 
the  vaso-motor  nerves,  the  resulting  conditions  being  named  Angio- 
neuroses.  These  imply  an  excessive  irritability  of  the  vaso-motor 
nerves  of  the  skin,  and  a  proclivity  on  slight  stimulation  to  con- 
traction chiefly  of  the  arteries,  but  also  of  the  veins.  The  most 
exaggerated  example  of  this  is  afforded  by  Raynaud's  disease,  where 
from  insignificant  external  causes  spasm  of  arteries  and  sometimes 
of  veins  comes  about.  If  both  arteries  and  veins  are  contracted 
then  there  is  anaemia  of  the  part  (a  condition  called  by  Raynaud 
local  syncope),  whilst  if  only  the  arteries  are  contracted  there  is 
a  passive  hyperamiia  or  cyanosis  (called  by  Raynaud  local  asphyxia). 
In  either  case  necrosis  may  occur,  taking  the  form  of  Symme- 
trical Gangrene.  Short  of  these  extreme  cases  we  find,  in  persons 
whose  vaso-motor  nerves  are  sensitive,  that  exposure  to  cold  leads 
to  a  local  syncope.  On  the  other  hand,  in  persons  in  health,  the 
arteries  alone  contract,  and  cold  produces  a  cyanosis  or  blueness  of 
the  skin. 

Besides  these  more  direct  examples  of  angioneuroses  there  are 
Local  cedemas  and  other  lesions  which  are  related  to  the  vaso-motor 
nerves,  but  not  in  such  a  simple  fashion.  Urticaria  is  a  local 
oedema  or  accumulation  of  fluid  in  the  lymphatics  of  the  corium, 
resulting  in  limited  swellings.  It  always  implies  an  abnormal  sen- 
sitiveness of  the  vessels.  Thus  in  many  persons  a  flea-bite  induces 
a  local  oedema,  characterized  by  the  wheals  or  quaddels  of  urticaria. 
In  others  the  stroking  of  the  skin  with  the  edge  of  the  nail  or  a 
pencil  causes  ridges  of  oedema  to  rise  so  that  words  can  be  pro- 
duced in  raised  letters  (Urticaria  factitia).  But  this  special  sensi- 
tiveness may  be  induced  either  by  irritants  in  the  blood  or  by 
reflex  irritation.  Thus  a  more  or  less  generalized  urticaria  is  brought 
about  in  some  persons  by  eating  shell-fish  or  certain  other  kinds  of 
food.  In  these,  however,  there  is,  as  in  urticaria  factitia,  always  a 
local  irritation  as  well  as  a  general  sensitiveness,  as  is  proved  by 
the  fact  that  the  urticaria  develops  on  parts  which  are  exposed  to 
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friction,  of  the  clothes  or  otherwise.  There  is  thus  a  graduation  in 
these  lesions  towards  inflammation. 

This  applies  even  more  to  those  eruptions  which  Unna  has 
included  along  with  general  urticaria  under  the  name  of  Erythan- 
thema,  in  which  the  exudation  of  fluid  leads  to  elevation  of  the 
cuticle  and  the  formation  of  vesicles  and  bullae. 

Haemorrhages  are  frequent  and  of  various  kinds.  The  skin  is 
liable  to  haemorrhage  by  traumatic  rupture  of  its  vessels,  but  still 
more,  perhaps,  by  alterations  in  the  state  of  the  blood  affecting  its 
vessels.  In  scurvy,  in  purpura,  in  small-pox,  in  typhus,  etc.,  the 
skin  is  the  seat  of  haemorrhage  much  more  frequently  than  any 
other  structure. 

The  blood  escaping  from  the  vessels  collects  in  the  serous  spaces 
of  the  corium  for  the  most  part,  but  may  pass  to  the  subcutaneous 
tissue,  where  the  fat  is  sometimes  considerably  infiltrated.  When 
the  blood  has  escaped  from  a  small  vessel  and  infiltrates  a  limited 
area  so  that  a  bluish  spot  is  seen  on  viewing  the  surface,  the  term 
Petechia  is  given.  As  these  small  haemorrhages  depend  on  the 
state  of  the  blood,  the  petechiae  are  nearly  always  multiple.  When 
the  blood  infiltrates  a  larger  area  then  the  term  Ecchymosis  is  used. 
Sometimes  the  blood  collects  between  the  corium  and  epidermis, 
and  then  a  haemorrhagic  Vesicle  is  the  result ;  but  this  can  only 
happen  if  the  deeper  layers  of  the  epidermis  have  been  killed  so 
as  to  allow  of  their  separation  from  the  corium.  When  there  are 
numerous  small  haemorrhages  forming  a  large  number  of  petechiae, 
then  it  is  customary  to  use  the  term  Purpura,  or  to  speak  of  a 
purpuric  condition. 

The  blood  effused  in  the  skin  undergoes  changes  like  those  already 
described  at  pages  121-23.  The  affected  area  is  first  dark  blue,  and 
the  colour  does  not  disappear  on  pressure.  After  a  time,  as  the 
blood-colouring  matter  is  dissolved,  the  colour  gets  fainter  and 
changes  in  hue,  while  the  discoloration  becomes  more  extended.  If 
blood'  has  collected  between  the  layers  of  epidermis,  it  comes  to 
the  surface  and  is  disposed  of  as  the  epidermis  is  shed. 

General  oedema  of  the  skin,  apart  from  inflammation,  is  chiefly 
related  to  diseases  of  the  heart  and  of  the  kidneys.  Its  general 
pathology  has  been  considered  at  pages  126-27.  The  exuded  fluid 
collects  in  the  lymph  spaces  and  is  carried  off  by  the  lymphatics. 
Myxoedema  has  also  been  described  at  page  808. 

II.— RETROGRADE  CHANGES  IN  THE  SKIN. 

1.  Atrophies. — Simple  atrophy  is  not  uncommon  in  the  skin.  The 
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most  frequent  example  of  it  is  afforded  by  Senile  atrophy,  resulting 
in  the  wrinkled  skin  of  old  people.  In  this  case  the  connective  tissue 
of  the  cutis  loses  in  bulk,  especially  the  papillary  layer.  The 
epidermis  is  also  thinner  and  dry,  and  there  is  often  desquamation 
in  the  form  of  dry  scales  or  larger  membranous  pieces.  The  hairs 
are  atrophied,  as  their  papillae  have  taken  part  in  the  general 
atrophy  of  the  papillae  of  the  skin.  The  hair-follicles  are  shortened 
and  the  sebaceous  glands  on  this  account  may  be  brought  close  to 
the  surface  so  as  to  be  very  visible  in  the  thin  skin. 

A  general  atrophy  also  occurs  in  emaciated  persons,  and  it  may 
closely  resemble  the  condition  in  senile  atrophy. 

Of  the  Local  atrophies  the  most  familiar  is  that  which  occurs 
after  Pregnancy.  White  lines  are  found  in  the  abdomens  of  persons 
who  have  been  pregnant,  and  similar  lines  occur  in  persons  whose 
abdomens  have  been  distended  by  tumours,  by  ascites,  or  even  by 
accumulation  of  fat.  The  white  lines  have  a  cicatricial  appearance, 
and  they  seem  to  owe  their  origin  to  the  connective-tissue  fibres  of 
the  cutis  being  dissociated  by  the  stretching.  Somewhat  similar 
white  lines  or  striae  sometimes  occur  idiopathically,  especially  ,over 
the  buttocks,  trochanters,  pelvis  and  thighs. 

The  Hairs  are  liable  to  atrophy,  and  two  forms  may  be  distin- 
guished according  as  either  the  hair  itself  or  its  pigment  diminishes. 
Alopecia  or  Baldness  is  atrophy  of  the  hair  itself.  All  through  life 
a  continuous  falling  out  of  the  hair  is  occurring,  and  is  due  to  an 
atrophy  of  the  bulb.  But  the  papilla  remains,  and  a  healthy  new 
hair  is  produced  on  the  site  of  the  old  one.  In  some  people  as  life 
advances  the  new  hairs  are  not  reproduced  of  normal  size,  and  they 
become  gradually  finer  and  finer,  till  there  are  only  the  finest  silky 
hairs  on  the  bald  part,  or  even  none  at  all. 

Besides  being  produced  in  this  way,  baldness  may  be  secondary  to 
syphilis,  to  inflammations,  and  to  certain  parasitic  diseases ;  in  these 
cases  it  depends  on  interference  with  the  nutrition  of  the  sheath 
and  papilla. 

Special  attention  has  been  paid  to  Alopecia  areata,  in  which  bald- 
ness occurs  in  circular  patches.  These  patches  are  not  entirely  bald, 
but  are  covered  with  fine  woolly  hairs,  and  the  papillae  are  not 
destroyed.  The  nature  of  this  disease  is  obscure,  some  regarding  it 
as  parasitic,  and  others  as  a  trophoneurosis.  Its  habit  and  mode  of 
extension  render  the  parasitic  view  very  probable.  It  is  very  likely 
that,  as  Thin  contends,  the  parasite  here  is  a  microbe  (a  micrococcus), 
which  is  much  more  difficult  to  detect  than  the  other  parasites  of 
the  skin,  which  are  fungi. 
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Canities  or  Greyness  of  the  hair  is  also  for  the  most  part  a 
natural  atrophy  of  advancing  life.  But  it  also  sometimes  comes 
on  prematurely.  It  depends  for  the  most  part  on  a  deficiency  of 
pigment  in  the  individual  hairs  at  their  original  formation,  so  that 
the  pigment  granules  in  the  cells  in  the  cortical  layers  of  the 
hair  are  diminished.  But  there  may  be  a  temporary  blanching  of 
the  hair  from  air  getting  infiltrated  among  the  cells  of  the  cortex. 
Cases  of  sudden  permanent  blanching  have  received  no  satisfactory 
explanation. 

Albinism  is  a  congenital  absence  of  pigment  which  affects  the 
iris  and  choroid  of  the  eye  as  well  as  the  hair  and  skin.  It  is  not 
infrequent  in  negroes,  the  peculiar  result  being  a  white  negro.  The 
albinism  is  sometimes  partial,  so  that,  in  the  case  of  the  negro,  a 
piebald  appearance  is  produced. 

The  Nails  are  liable  to  atrophy,  which  may  be  congenital  or 
acquired.  In  the  course  of  acute  illnesses,  such  as  fevers  or  maniacal 
attacks,  the  formation  of  the  nails  is  often  partially  suspended,  and 
the  illness  is  marked  for  a  time  by  a  transverse  depression,  which, 
with  the  growth  of  the  nail,  proceeds  from  the  root  outwards,  and 
disappears  in  due  course.  The  nails  also  atrophy  sometimes  in  con- 
sequence of  various  parasitic  or  inflammatory  skin  diseases. 

2.  Pigmentations.  Two  fundamentally  different  forms  of  pigmen- 
tation of  the  skin  are  distinguishable,  according  as  the  pigment  arises 
by  intracellular  metabolism  or  is  directly  derived  from  the  blood- 
pigment.  The  latter  occurs  in  cases  of  haemorrhage  or  of  prolonged 
hyperemia,  as  in  the  neighbourhood  of  varicose  ulcers  and  in  the 
cicatrices  after  the  healing  of  these. 

Of  more  importance  is  the  true  Melanotic  pigmentation.  This  is 
illustrated  in  Addison's  disease  (see  p.  811),  where  there  is  a  bronzing 
of  the  skin  chiefly  in  the  exposed  parts.  The  pigment  here  is  in 
the  deeper  layers  of  the  epidermis  and  more  superficial  layers  of 
the  cutis.  Syphilis  is  also  a  cause  of  pigmentation.  Most  chronic 
syphilitic  lesions  of  the  skin  are  accompanied  by  and  leave  behind 
a  coppery  coloration. 

Chloasma  is  a  local  pigmentation  of  the  skin  which  has  mostly  a 
reflex  origin.  It  occurs  chiefly  during  pregnancy,  brown  coloration 
of  the  face  developing  pathologically  as  brown  coloration  of  the 
nipple  and  areola  develop  physiologically.  The  name  is  also  applied 
to  deepening  of  colour  in  cachectic  persons. 

Argyria  or  coloration  with  oxide  of  silver  is  an  occasional  result 
of  the  internal  administration  of  salts  of  silver.  The  coloration 
occurs  chiefly  in  parts  exposed  to  light,  and  it  is  due  to  the  formation 
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of  oxide  of  silver  in  a  finely  granular  form.  The  silver  is  confined 
to  the  cutis  vera,  where  it  is  in  the  connective  tissue,  more  especially 
in  the  elastic  fibre  and  more  dense  membranous  parts.  The  affected 
persons  have  a  peculiar  bluish  colour.  A  local  argyria  has  been  ob- 
served in  persons  whose  occupations  expose  them  to  the  dust  of  silver. 

Xeroderma  pigmentosum  is  considered  further  on  under  tumours. 

3.  Necrosis. — Death  of  portions  of  the  skin  occurs  under  various 
circumstances.  Perhaps  the  commonest  case  is  that  of  Bedsores 
(Decubitus),  in  which  a  piece  of  skin  which  has  been  exposed  to 
pressure  whilst  lying,  dies  and  is  discharged  as  a  slough.  This 
occurs  chiefly  in  weak  and  debilitated  persons.  It  is  met  with 
frequently  in  insane  persons  and  paralytics,  and  it  is  matter  of 
controversy  how  far  the  affection  of  trophic  nerves  may  have  to 
do  with  the  necrosis  (see  pp.  164-65). 

In  all  forms  of  Cutaneous  ulcers  there  is  necrosis,  which  may  be  in 
the  molecular  or  in  the  more  massive  form.  The  margin  of  the  ulcer 
is  inflamed  and  infiltrated  with  inflammatory  products.  Enlargement 
takes  place  by  a  gradual  molecular  necrosis  of  the  inflamed  structures, 
and  generally  implies  the  continuous  action  of  an  irritant.  The  irritant 
is  mostly  an  infective  virus,  and  the  majority  of  the  ulcers  will  be 
again  referred  to  under  subsequent  headings. 

In  the  case  of  such  Infective  ulcers  there  is  usually  a  granulating 
surface  which  is  gradually  destroyed  by  the  action  of  the  virus. 
When  the  virus  has  been  destroyed,  then  the  ulcer  proceeds  to 
heal  like  a  granulating  wound. 

The  Varicose  ulcer,  arising  in  connection  with  varicose  veins,  owes 
its  origin  to  a  prolonged  venous  hyperemia,  leading  to  oedema  and 
infiltration  of  the  skin.  The  nutrition  of  the  skin  is  seriously  com- 
promised, and  a  trivial  external  injury  may  cause  the  epidermis  to  give 
way.  The  exposed  and  inflamed  skin  forms  granulations,  but  these 
also,  from  the  persistent  venous  engorgement,  are  readily  destroyed 
by  slight  injuries,  and  the  ulcer  advances,  while  the  inflammatory 
infiltration  of  the  skin  outside  extends.  The  granulations  will  only 
proceed  to  healing  in  the  usual  way  when  the  venous  hyperemia  is 
removed. 

The  Perforating  ulcer  of  the  foot  is  a  peculiar  form  which  is 
believed  by  some  to  be  due  to  a  trophic  lesion  of  the  nerves.  There 
have  been  found  in  some  cases  inflammatory  lesions  of  the  nerves, 
and  the  disease  is  sometimes  associated  with  nervous  affections, 
especially  locomotor  ataxia  and  more  rarely  with  diabetes.  It  is 
questionable  how  far  mere  anaesthesia  is  sufficient  to  account  for 
the  formation  of  the  ulcer,  as  seems  to  be  the  case  in  anaesthetic 
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leprosy.  The  ulcer  is  characterized  by  the  formation  of  an  aperture 
on  the  surface  of  the  foot,  which  leads  to  penetrating  sinuses  in  its 
substance,  often  attacking  the  bones. 

III.  — INFLAMMATIONS  OF  THE  SKIN. 

These  include  a  very  great  variety  of  diseases,  and  the  nomenclature 
is  exceedingly  complicated.  In  the  skin,  as  elsewhere,  inflammation  is 
produced  by  the  action  of  irritants,  and  the  form  of  the  inflammation 
will  depend  greatly  on  the  nature  and  source  of  the  irritant. 

Causation. — In  some  cases  the  origin  and  mode  of  action  of  the 
irritant  is  perfectly  obvious,  while  in  others  it  is  very  obscure.  We 
have,  for  instance,  septic  inflammations,  as  in  erysipelas,  due  to  a 
definite  microbe.  We  have  also  the  various  inflammations  in  con- 
nection with  the  acute  fevers  in  which  a  specific  morbid  poison  attacks 
the  skin.  But  there  are  other  cases  in  which  the  origin  is  very  obscure, 
and  in  which  the  peculiarities  of  the  individual  constitution  play  an 
important  part.  Just  as  there  are  persons  especially  liable  to  inflam- 
mations of  the  bronchi,  of  the  kidneys,  or  of  the  intestine,  so  are 
there  persons  whose  skin  is  prone  to  inflammation.  Even  in  persons 
not  predisposed  temporary  states  of  the  nervous  system  apparently 
lead  at  times  to  a  special  tendency.  At  such  times  a  very  slight 
external  irritation  will  lead  to  an  inflammatory  manifestation.  There 
are  indeed  cases  in  which  the  nervous  condition  is  the  only  obvious 
cause,  as  seen  in  a  mild  form  in  Urticaria,  and  in  a  more  pronounced 
form  in  the  so-called  Trophoneuroses. 

In  considering  the  various  forms  of  inflammation  of  the  skin  we 
shall  divide  them  into  four  groups  on  the  basis  of  their  causation. 
These  are  (1)  Inflammatory  skin  eruptions  ;  (2)  Symptomatic  cutaneous 
inflammations ;  (3)  Inflammations  from  heat,  cold,  and  injury ;  (4) 
Septic  and  infective  inflammations. 

1.  Inflammatory  skin  eruptions. — The  affections  included  under 
this  designation  consist  in  various  inflammatory  affections  of  the 
skin  due  in  some  cases  to  local  irritation,  and  in  others  to  general 
irritation  from  conditions  of  the  blood.  In  most  of  them  individual 
peculiarities  play  a  very  important  part,  so  that  slight  irritations 
which  have  no  effect  in  some  people  produce  eruptions  on 
others.  Indeed  the  tendency  in  many  cases  is  so  great  that  the 
conditions  are  regarded  as  idiopathic.  There  is  no  doubt  also  that 
nervous  conditions  have  an  important  influence.  The  beginning  of 
a  skin  eruption  is  often  accompanied  by  itching,  and  the  scratching 
which  the  itching  induces  not  infrequently  assists  in  the  develop- 
ment of  the  eruption. 
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Character  of  the  lesions. — The  inflammatory  process  occurring  in 
the  various  structures  of  the  skin  produces  the  changes  which  occur 
elsewhere  under  like  circumstances.  There  is  hyperaemia,  exudation 
of  serous  fluid  and  leucocytes,  parenchymatous  changes  chiefly  in  the 
epidermis,  and,  if  the  inflammation  be  prolonged,  new-formation  in  the 
true  skin.  Various  names  are  applied  to  the  anatomical  conditions 
thus  brought  about. 

A  Wheal  is  a  limited  swelling  of  the  skin  due  to  an  oedema  of  the 
superficial  layers  of  the  cutis.  It  is  temporary,  and  in  all  cases  the 
nervous  system  is  concerned,  as  evidenced  by  the  itching  which  is 
usually  characteristic  (see  p.  1056).  A  Papule  is  a  small  solid  eleva 
tion  of  the  skin,  due  generally  to  inflammatory  exudation  which 
infiltrates  the  papillary  layer  of  the  cutis  and  the  epidermis.  There 
is  often  proliferation  of  the  epidermic  cells  as  well.  The  term 
Tubercle  is  sometimes  used,  not  in  the  histological  sense,  but  to 
indicate  an  irregular  rounded  solid  elevation  from  infiltration  of  the 
skin.  In  the  Vesicle  we  have  an  accumulation  of  serous  exudation 
raising  the  epidermis.  The  fluid  is  not  between  cutis  and  epidermis, 
but  the  separation  takes  place  amongst  the  softer  cells  of  the  Mal- 
pighian  layer,  so  that  there  is  epidermis  both  below  and  above  the 
fluid.  The  vesicles  may  be  very  small  or  so  large  as  to  form  con- 
siderable Blebs  or  BullaB.  A  Pustule  is  like  a  vesicle  but  contains 
pus,  and  is  due  to  a  more  intense  inflammation.  Scales  or  Squamae 
are  composed  of  epidermis  which  has  been  produced  in  excess  and 
is  less  firmly  attached  than  normally.  The  rapid  production  of  epi- 
dermic cells  is  due  to  a  parenchymatous  inflammation,  and  the 
epidermic  cells  do  not  undergo  the  horny  transformation  to  the 
same  extent  as  normally. 

The  individual  skin  affections  have  received  various  names  which 
only  in  part  represent  the  pathological  characters. 

(a)  Sudamina  or  Miliaria. — In  this  there  are  multitudes  of  minute 
vesicles,  which  are  at  first  filled  with  clear  fluid  (miliaria  crystallina) 
which  afterwards  may  become  turbid.  The  condition  arises  in  cases 
where  there  is  excessive  sweating  and  more  particularly  in  acute 
rheumatism.  The  vesicles  originate  in  the  terminal  parts  of  the 
sweat-ducts.  In  a  case  examined  by  the  author  the  cause  of  dilata- 
tion was  the  obstruction  of  the  spiral  part  of  the  duct  by  leucocytes 
(see  Fig.  491),  this  narrow  twisted  part  of  the  duct  being  incap- 
able of  giving  passage  to  these  cells.  The  disease  was  thus  inflam- 
matory from  the  outset,  and  its  inflammatory  nature  was  further 
proclaimed  by  the  increasing  accumulation  of  leucocytes  as  the  vesicle 
increased  (see  Fig.  492).    This  was  in  a  case  of  acute  rheumatism, 
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where  presumably  the  irritant  in  the  blood,  in  being 
in  the  sweat,  was  the  cause  of  the  cutaneous  affection, 
where,  from  excessive  sweating, 
there  is  an  eruption  of  sudamina, 
there  is  probably  an  irritant  in 
the  sweat  which  may  be  less  of 
a  general  pathogenic  agent  than 
that  of  acute  rheumatism. 

(b)  Erythema  and  Roseola.— 
These  names  are  applied  to  mild 
inflammatory  conditions  in  which 
the  chief,  and  sometimes  the  only 
apparent  change  is  hyperemia. 
The  inflammatory  nature  of  the 
condition  is,  however,  often  in- 
dicated by  the  existence  of  more 


excreted 
In  cases 


or  less  swelling,  due  to  oedema 


Fig.  491.  —  First  stage  in  the  formation  of  a 
sudamen.  The  terminal  part  of  the  sweat-duct  is 
obstructed,  and  distension  is  beginning  in  the 
portion  of  the  duct  in  the  deeper  layers  of  the 
epidermis,    x  100. 


of  the  superficial  layers  of  the 
skin  (erythema  nodosum  and 
papulosum).  The  attacks  are 
often  followed   by  desquamation. 

These  very  mild  inflammations  are  frequently  somewhat  generalized, 
and  appear  in  many  cases  to  be,  like  urticaria,  related  to  special  con- 
ditions of  the  nervous  system, 
especially,  perhaps,  of  the  vaso- 
motor nerves.  They  may  also 
be  produced  by  external  irritants, 
especially  in  susceptible  persons. 

(c)  Eczema.  —  This  name  is  ap- 
plied to  localized  inflammations 
of  the  skin,  usually  of  a  subacute 
or  chronic  character.  The  mere 
fact  of  the  local  nature  would 
indicate  that  the  irritant  here 
comes  from  without ;  but  exter- 
nal irritation  is  hardly  ever  the 
entire  explanation  of  the  attacks. 
In  no  other  disease  do  individual 
peculiarities  and  special  states  of 
the  organism  play  a  more  impor- 
tant part.  The  external  irritant  may  be  very  various,  such  as  medicinal 
ointments,  stuffs  used  by  the  patient  in  his  occupation,  as  in  dyeing, 


Fig.  492. — Sudamen  formed  by  dilated  sweat- 
duct.  It  is  largely  occupied  by  leucocytes  attracted 
thither.      X  80. 
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parasites  which  induce  scratching,  etc.  The  intensity  of  the  inflamma- 
tion depends  on  the  susceptibility  of  the  patient  and  the  character  of 
the  irritant.  The  various  degrees  of  intensity  are,  to  a  great  extent, 
distinguished  by  the  characters  of  the  eruption,  so  that  we  have 
papules,  vesicles,  pustules,  etc.,  characterizing  different  cases  of  eczema. 
From  these  differences  are  derived  the  names  Eczema  papulosum, 
vesiculosum,  and  pustulosum. 

In  chronic  cases  a  condition  is  brought  about  somewhat  compar- 
able to  catarrh  of  mucous  membranes,  and  sometimes  called  Catarrh 
of  the  skin.  The  inflamed  surface  keeps  on  discharging  serous  fluid, 
in  varying  quantity.  The  epidermis  is  softened,  and,  to  a  consider- 
able extent,  lost,  so  that  the  cutis  is  exposed  or  covered  with 
irregular  crusts.  The  cutis  itself  is  red,  and  it  is  thickened  both 
by  the  serous  exudation  and  by  accumulation  of  round  cells. 

(d)  Psoriasis. — The  nature  of  the  irritant  is  in  this  case  quite 
unknown,  but  it  is  probably  to  be  found  in  some  special  condition 
of  the  blood.  We  know,  at  least,  that  remedies  introduced  into  the 
blood  (arsenic,  and,  according  to  Napier,  chrysophanic  acid  admin- 
istered internally)  frequently  cure  the  disease. 

The  lesion  is  mainly  of  the  epidermis,  and  especially  of  its  Mal- 
pighian  layer.  The  papillary  layer  of  the  cutis  is  hyperaemic  and 
partly  infiltrated  with  leucocytes;  the  papillae  are  also  described  as 
enlarged,  but  these  alterations  are  comparatively  trifling,  as,  after 
death,  very  little  indication  of  them  is  to  be  found.  During  life  the 
hyperemia  gives  the  corium  a  red  colour.  In  the  middle  regions  of 
the  Malpighian  layer  of  the  epidermis  there  is  an  abundant  new- 
formation  of  epidermic  cells.  The  new-formation  is  so  great  that 
there  is  no  time  for  the  cells  to  become  horny  before  they  pass  to 
the  surface.  Hence  the  epidermis  on  the  patch  is  entirely  com- 
posed of  Malpighian  layer,  and,  these  cells,  being  soft,  as  they  dry 
adhere  much  more  readily  into  considerable  scales  than  do  the  horny 
cells.  For  a  similar  reason,  as  they  dry  they  shrink  much  more 
than  the  horny  cells,  and  air  insinuates  itself  into  interstices  between 
them.  It  is  the  finely  divided  air  which  gives  the  scales  the  peculiar 
silvery  appearance  characteristic  of  this  disease  (Rindfleisch).  When 
the  scales  are  removed  the  papillary  layer  of  the  skin  is  seen  to  be 
red  and  bleeds  readily. 

(e)  Pityriasis  rubra. — In  this  disease  we  have  a  more  or  less 
general  affection,  and  it  is  not  improbable  that  it  depends  on  a 
lesion  of  the  trophic  centres  of  the  skin.  It  is  characterized  by  an 
excessive  discharge  of  scales  consisting  of  masses  of  epidermic  cells. 
These  scales  pass  off  from  slightly  raised  and  reddened  surfaces.  In 
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the  earlier  periods  the  cutis  presents  little  more  than  hyperemia 
with  excess  of  leucocytes  in  its  papillary  layer,  but  when  the  disease 
has  lasted  for  some  time  there  is  thinning  of  it  with  flattening  of 
the  papillae.  The  sebaceous  glands  and  hairs,  as  well  as  the  sweat 
glands,  are  usually  atrophied.  There  is  often  a  very  excessive  dis- 
charge of  epidermis ;  a  small  basket-full  may  sometimes  be  gathered 
daily  from  the  bed  of  the  patient. 

(/)  Lichen  ruber. — This  is  a  diffused  papular  eruption,  depending 
like  pityriasis  rubra  on  some  obscure  general  cause.  There  are 
individual  red  papules  on  a  red  basis.  As  the  disease  goes  on  the 
skin  gets  infiltrated  and  thickened,  so  that  the  movements  of  the 
joints  are  hindered,  and  fissures  are  formed  at  the  folds  of  the  skin. 
The  nails  are  usually  thickened.  The  disease  seems  to  consist  in 
an  inflammatory  infiltration  of  the  papillary  layer  of  the  cutis  and 
the  Malpighian  layer  of  the  epidermis.  The  cells  of  the  rete  Malpighii 
are  enlarged  and  increased  in  number,  and  the  interpapillary  pro- 
cesses are  enlarged.  The  papillae  show  abundant  accumulation  of 
round  cells,  especially  round  the  vessels.  There  is  often  accumulation 
of  epidermic  cells  in  the  hair  follicles. 

(g)  Prurigo. — This  also  is  a  diffused  affection  of  the  skin,  which 
somewhat  resembles  urticaria,  except  that  it  is  more  permanent. 
Like  urticaria  it  seems  to  depend  on  some  condition  of  the  nervous 
system,  induced  especially  among  children  by  neglect  of  sanitary 
conditions  and  defective  nutrition.  Numerous  small  papules  appear 
on  the  skin  and  they  are  intensely  itchy.  The  papules  are  due  to 
an  inflammatory  thickening  of  the  papillae  and  rete  Malpighii.  There 
are  round  cells  and  a  serous  fluid  exuded,  so  that  when  the  head  of 
the  papule  is  removed  by  scratching  a  drop  of  fluid  appears.  The 
papules  are  often  induced  to  bleed  by  scratching,  and  it  is  probably 
from  this  that  they  frequently  leave  a  brown  stain.  The  irritation 
produced  by  scratching  may  also  lead  to  eczema. 

(h)  Pemphigus. — This  condition  is  characterized  by  the  formation 
of  large  vesicles  or  bullae,  filled  with  fluid,  which  is  at  first  clear, 
but  usualty  becomes  more  or  less  purulent.  As  the  bullae  usually 
occur  at  intervals  over  a  considerable  surface,  the  disease  is  to  be 
ascribed  to  some  general  cause,  and  in  some  acute  cases  the  existence 
of  an  irritant  in  the  blood  is  suspected.  There  is  not  here,  as  in 
small-pox,  an  exudation  among  the  cells  of  the  Malpighian  layer, 
but  for  the  most  part  the  epidermis  is  raised  as  a  whole ;  and  the 
bleb  is  not  divided  by  septa  into  loculi.  If  the  bleb  remain  un- 
ruptured a  layer  of  epidermis  forms  on  the  surface  of  the  cutis.  But 
if  it  burst,  then  the  exposed  cutis  discharges  for  a  time ;  by  and 
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by,  however,  a  crust  forms,  under  which  the  epidermis  grows.  In 
some  cases  the  blebs  are  imperfectly  formed  and  neighbouring  ones 
coalesce,  so  that  a  considerable  surface  is  affected.  When  these 
blebs  burst  there  is  little  tendency  to  new-formation  of  epidermis, 
and  the  skin  continues  discharging  fluid  as  well  as  crusts  produced 
by  the  fluid  drying  in.    This  form  is  designated  Pemphigus  foliaceus. 

(i)  Acne. — This  name  is  applied  to  inflammation  of  the  sebaceous 
glands  and  their  neighbourhood,  chiefly  in  connection  with  accumu- 
lation of  the  secretion  in  the  gland.  There  are  two  conditions, 
named  respectively  comedo  and  milium,  in  which  sebum  accumulates 
in  the  glands  ;  it  is  chiefly  in  connection  with  the  former  that  acne 
occurs. 

In  Comedo  a  sebaceous  follicle  is  filled  with  secretion,  which  forms 
a  solid  plug  in  the  gland.  The  end  of  the  plug  presents  at  the 
surface,  and  has  a  black  or  dark  blue  colour.  The  plug  consists  of 
shed  epidermis  and  sebum,  with  occasionally  a  small  parasite,  the 
acarus  folliculorum. 

In  Milium  there  is  an  accumulation  of  the  secretion  with  closure 
of  the  orifice  of  the  gland.  The  accumulated  secretion  forms  a 
rounded  solid  globe,  which  can  be  felt  in  the  substance  of  the  skin, 
but  over  which  the  epidermis  passes  unbroken.  It  is,  in  fact,  a  small 
retention  cyst,  and  it  contains  the  secretion  of  the  gland  mixed  with 
epidermis,  so  that  on  cutting  into  it  a  whitish  globular  body  is 
discharged.    The  cause  of  the  closure  of  the  duct  is  obscure. 

In  Acne  there  is  a  more  or  less  acute  inflammation  of  the  sebaceous 
glands,  usually  in  connection  with  comedo.  There  is  redness  and 
swelling  around,  and  pus  is  usually  formed,  and  mingles  with  the 
substance  of  the  comedo.  Sometimes  there  is  not  a  proper  suppura- 
tion, but  the  substance  of  the  plug  is  softened  by  the  inflammatory 
exudation.  The  inflammation  is  due  to  the  irritation  of  the  plug, 
especially  when  by  long  stagnation  it  has  become  foul. 

The  name  Acne  mentagra,  or  Sycosis,  is  given  to  cases  where 
there  is  inflammation  of  the  sebaceous  glands  in  connection  with 
the  hairs  of  the  beard.  There  is  a  sycosis  of  parasitic  origin,  but  in 
the  simple  form  there  is  suppuration  in  and  around  the  hair  follicles 
of  the  nature  of  acne. 

A  more  chronic  inflammation  of  the  sebaceous  glands  of  the  face, 
with  special  hyperemia  of  the  vessels  around,  has  received  the  name 
Acne  rosacea.  There  is  very  little  tendency  to  suppuration,  but 
great  thickening  of  the  skin  occurs,  so  that  sometimes  there  are 
large  lobulated  and  red  protuberances,  especially  on  the  nose,  on 
the  surface  of  which  many  comedones  are  seen. 
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2.  Symptomatic  inflammations. — This  class  embraces  the  inflam- 
mations occurring  in  the  acute  fevers.  In  some  the  cutaneous  affection 
is  very  trivial.  Thus  the  eruptions  in  measles,  scarlatina,  typhoid 
and  typhus  fevers,  consist  of  little  more  than  inflammatory  hyper- 
emia with  slight  exudation,  but  also,  in  severe  cases  of  typhus, 
hemorrhages,  forming  petechias  The  action  of  the  irritant  on  the 
epidermis  is  evidenced  in  many  cases  by  the  subsequent  occurrence 
of  desquamation,  which  implies  that  the  cells  have  been  so  injured 
as  to  lead  to  their  premature  necrosis  and  discharge.  This  occurs 
especially  in  scarlet  fever  and  measles. 

In  Small-pox  there  is  a  much  more  severe  inflammation.  In  this 
case  the  virus,  consisting  of  micrococci  which  are  present  in  the 
exudation  or  so-called  lymph,  evidently  lodges  in  the  skin  and 
multiplies  there,  leading  to  pronounced  local  changes. 

The  effects  of  the  irritant  are  seen  mainly  in  the  epidermis,  which 
shows  changes  chiefly  in  the  more  plastic  Malpighian  layer.  Many 
of  the  cells  undergo   a   kind  of  coagulation-necrosis,  their  nuclei 


Fig.  493.— Section  of  a  small-pox  vesicle.  Superficially  there  is  a  network  formed 
of  the  altered  epidermis.  In  some  of  the  meshes  (6,  b)  are  pus  corpuscles.  For  the 
most  part  the  Malpighian  layer  in  its  deepest  cells  (c)  is  preserved,  but  at  some  points, 
as  at  d,  it  is  broken  through  and  the  pus  is  infiltrating  the  skin,  a,  umbilication  of 
the  vesicle,  due  to  a  sweat  gland,  the  coils  of  which  are  distinguishable,  x  140. 
(After  Rimdfi.eisch.) 

being  lost  and  their  substance  converted  into  a  hyaline  material. 
These  necrosed  epidermic  cells  allow  of  spaces  being  formed  among 
their  layers  in  which  exuded  fluid  collects.  In  this  way  a  vesicle 
is  formed,  but  it  does  not  consist  of  a  single  cavity.  As  shown  in 
Fig.  493,  the  epidermic  cells  or  their  remains  form  a  network  of 
fibres  and  partitions  which  divide  the  vesicle  into  compartments  or 
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loculi  (b  in  figure)  in  which  a  serous  fluid,  containing  the  micrococci, 
is  present.  As  the  inflammation  increases  in  intensity  leucocytes 
are  exuded,  and  these  accumulate,  as  seen  in  the  figure,  both  in  the 
superficial  layers  of  the  cutis  (d)  and  in  the  loculi  of  the  vesicle. 
By  the  aggregation  of  these  the  vesicle  becomes  a  pustule.  In  the 
figure  it  is  seen  that  while  the  papillary  layer  of  the  skin  (d)  is 
somewhat  infiltrated  with  leucocytes,  yet  it  is  not  destroyed,  and 
the  interpapillary  processes  of  the  Malpighian  layer  of  the  epidermis 
(c)  still  persist.  Sometimes  no  further  destruction  occurs  than  this ; 
the  pustule  dries  in  and  a  crust  is  formed,  and  under  it  the  Malpighian 
layer  forms  new  epidermis,  so  that  when  the  crust  is  shed  healing 
occurs  without  any  loss  of  substance.  But  more  commonly  the  action 
of  the  virus  causes  death  of  the  superficial  layers  of  the  cutis  as  well 
as  of  the  epidermis.    This  is  shown  in  Fig.  494,  where  an  injection 


Fig.  494. —Small-pox  eruption  with  necrosis,  from  an  injected  specimen.  The 
normal  skin  at  either  side  (a,  a)  has  its  vessels  fully  injected,  while  the  necrosed 
part  (6)  is  uninjected  and  homogeneous,    x  50.  (Rindfleisch.) 


thrown  into  the  arteries  runs  into  the  surrounding  skin  (a,  a),  but 
does  not  penetrate  into  the  slough  (b).  In  this  case,  when  the 
crusts  are  torn,  little  sloughs  infiltrated  with  pus  are  revealed,  on 
the  removal  of  which  ulcers  appear.  By  the  healing  of  the  flat 
ulcers  we  have  the  depressed  reticulated  cicatrices  characteristic  of 
small-pox  (the  so-called  pitting  of  small-pox). 

Vaccination  produces  a  lesion  identical  in  its  anatomical  characters 
with  that  of  small-pox. 

3.  Inflammations  from  heat,  cold,  and  injury. — (a)  Burns  and 
scalds. — We  include  here  the  lesions  produced  by  the  application  of 
excessive  heat  to  the  skin,  whether  the  heated  substance  applied  be 
in  the  solid,  liquid,  or  gaseous  form.  The  heat  acting  as  an  irritant 
damages  or  kills  the  tissue,  and  so  we  have  signs  of  inflammation, 
frequently  associated  with  necrosis. 

Burns  have  been  distinguished,  according  to  their  intensity,  into 
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three  degrees,  characterized  by  the  three  phenomena — hyperemia^ 
vesication,  sloughing. 

In  the  First  degree  the  heat  is  only  sufficient  to  produce  a  hyperemia  of  the 
skin.  Exposure  to  the  rays  of  the  sun,  or  to  hot  water  of  a  temperature  of 
100°  F.,  and  upwards,  causes  such  a  relaxation  of  the  arteries  as  to  induce 
considerable  congestion.  The  inflammatory  nature  of  this  hyperemia  is  shown 
by  its  continuance  for  some  time  after  removal  of  the  cause,  and  by  the  occasional 
occurrence  of  some  edematous  swelling  of  the  skin.  After  a  time  there  may  be 
desquamation. 

The  Second  degree  is  produced  by  the  action  of  a  temperature  of  140°  to  185° 
F.,  or  by  the  evanescent  action  of  a  still  higher  temperature.  The  effect  is  to 
cause  an  inflammatory  exudation  from  the  papillary  layer  of  the  skin,  which 
accumulates  in  the  epidermis  so  as  to  form  a  vesicle.  The  changes  in  the  rete 
Malpighii  are  similar  to  those  already  described  as  occurring  in  the  formation 
of  the  small-pox  vesicle,  but  they  are  more  rapidly  produced  and  the  layer  of 
cells  is  more  homogeneously  affected.  The  inflammation  soon  subsides,  and 
from  the  remaining  cells  of  the  rete  Malpighii  new  epidermis  is  reproduced ; 
there  may  be  already  a  complete  coating  of  new  epidermis  before  the  vesicle 
bursts.  But  sometimes  the  vesicle  bursts  early,  and  the  inflamed  surface  of 
the  skin  is  exposed;  or  nearly  the  whole  of  the  rete  Malpighii  may  have  been 
destroyed,  even  the  interpapillary  processes.  In  these  cases  the  covering  over 
of  the  surface  with  epidermis  may  be  delayed,  and  the  surface  may  even  become 
like  a  granulating  wound,  discharging  pus. 

In  the  Third  degree  there  is  necrosis  not  only  of  the  epidermis  but  of  the 
true  skin.  The  temperature  is  over  140°  F.,  and  if  very  high  may  have  acted 
for  a  very  short  time.  As  a  general  rule  the  necrosed  tissue  lies  as  a  dry  crust 
on  the  surface.  An  inflammatory  process  occurs  around  it,  with  exudation,  going 
on  usually  to  suppuration.  In  this  way  the  slough  is  separated,  and  a  granulating- 
wound  is  left,  which  heals  in  the  usual  way,  leaving  a  cicatrix,  the  character 
of  which  varies  with  the  depth  of  the  slough. 

Reference  has  already  been  made  to  the  fact  that  Hemoglo- 
binuria sometimes  follows  burns  (p.  69),  and  also  that  reduction 
of  temperature"  may  occur  (p.  405).  These,  along  with  reduction 
of  blood-pressure  from  dilatation  of  arteries,  probably  have  to 
do  with  the  occasional  rapid  occurrence  of  death  from  extensive 
burns. 

If  the  person  survive  for  some  time  after  the  burning,  inflamma- 
tions of  internal  organs,  the  lungs,  kidneys,  serous  membranes,  are 
frequently  found ;  also  fatty  degeneration  of  the  heart  and  of  the 
liver.  These  are  to  be  ascribed  with  great  probability  to  the  altera- 
tion of  the  blood. 

It  is  much  more  difficult  to  account  for  the  occurrence  of  the 
Duodenal  ulcer  after  burns.  When  several  weeks  elapse  before  death, 
there  is  found,  in  about  20  per  cent,  of  the  cases,  one  or  more  ulcers, 
usually  situated  in  the  duodenum  near  the  pylorus,  but  sometimes 
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in  the  pyloric  region  of  the  stomach.  It  may  be  a  superficial  haemor 
rhagic  erosion  or  a  deeply  penetrating  ulcer. 

(b)  Frost-bite  and  Chilblain. — These  conditions  are  produced  by 
the  action  of  excessively  low  temperatures.  We  can  distinguish  three 
degrees  here  also. 

The  common  Chilblain  or  Pernio  is  an  example  of  the  First 
degree.  If  portions  of  the  body  are  frequently  exposed  to  a  low 
temperature  and  then  heated,  a  chronic  or  subacute  inflammation  is 
induced.  This  occurs  especially  in  the  fingers  and  toes.  There  is 
passive  hyperemia  sometimes  amounting  almost  to  stasis,  so  that  the 
part  has  a  livid  hue.  There  is  also  serous  exudation,  so  that  the 
part  is  swollen  and  cedematous ;  there  may  be  red  corpuscles  as  well 
as  leucocytes  in  the  exudation.    Sometimes  ulceration  occurs. 

The  Second  degree  includes  the  Less  severe  cases  of  frost-bite. 
The  skin  has  been  frozen  and  too  rapidly  thawed,  the  result  being 
such  an  injury  to  the  tissue  as  to  cause  an  acute  inflammation.  The 
epidermis  is  raised  in  blisters,  which  often  contain  a  bloody  serum. 
There  may  even  be  sloughing  of  the  superficial  layers  of  the  cutis, 
and  by  the  separation  of  the  slough  an  indolent  ulcer  forms. 

In  the  Third  degree,  forming  the  More  severe  cases  of  frost-bite, 
there  has  been  prolonged  exposure  to  very  intense  cold.  The  conse- 
quence is  the  complete  freezing  of  part  of  the  body,  especially  in 
regions  removed  from  the  heart,  as  the  fingers  and  toes.  The  tissues 
are  stiffened  by  freezing,  and  the  blood  coagulated,  so  that  sometimes 
parts  can  be  broken  off  like  glass.  When  the  parts  are  thawed  gan- 
grene sets  in.  The  whole  frozen  part  does  not  die,  but  there  is 
partial  recovery  with  inflammation.  The  gangrenous  part  is  separated 
in  the  usual  way,  generally  with  decomposition  (moist  gangrene). 

(c)  Wounds  and  Excoriations. — The  phenomena  connected  with  the 
healing  of  wounds  and  the  formation  of  granulations  have  been  con- 
sidered in  previous  pages.  When  merely  the  epidermis  is  removed 
by  an  injury,  forming  an  Excoriation,  it  is  restored  with  remarkable 
celerity.  The  epidermic  cells  at  the  margin  and  those  of  the  deeper 
layers  divide  and  form  new  cells  which  restore  the  surface. 

In  the  case  of  a  deeper  wound  the  epidermis  also  shows  great 
vigour,  and  it  sometimes  advances  beyond  the  line  of  the  other 
healing  processes.  Dr.  Macewen  has  pointed  out  to  the  author  that 
the  new-formed  epidermis  may  advance  over  a  blood-clot  filling  up 
a  wound.  The  epidermis  here  has  a  remarkably  transparent  hyaline 
appearance  and  is  continuous,  not  with  the  Malpighian  layer,  but 
with  the  layers  superficial  to  that.  The  character  of  the  cells  here 
and  their  transparency  suggest  that  they  may  be  derived  from  the 
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stratum  lucidum.  It  may,  indeed,  be  suggested  that  this  layer  in 
the  normal  skin  is  composed  of  young  epidermis,  and  that  the  loss 
on  the  surface  is  supplied  by  new-formation  here  and  not  in  the 
Malpighian  layer. 

4.  Septic  and  Infective  inflammations— We  include  here  those 
forms  of  inflammation  of  the  skin  which  can  be  traced  to  the  action 
of  microbes,  but  leaving  over  those  which  have  the  characters  of  the 
specific  new-formations. 

(a)  Boil  and  Carbuncle. — A  boil  is  a  localized  acute  suppurative 
inflammation  with  a  limited  necrosis  of  the  cutis.  The  irritant  finds 
access  by  the  sebaceous  glands  or  hair  follicles,  and  consists  of 
pyogenic  microbes.  The  source  of  these  may  be  obscure,  but  in 
some  cases  they  are  derived  from  contact  with  the  cadaver.  The 
inflammation  manifests  itself  in  hyperemia  and  exudation,  so  that  a 
localized  redness  and  swelling  are  the  results.  A  piece  of  skin  in 
the  very  centre  of  the  inflamed  area  dies,  and  a  small  abscess  having 
formed,  the  slough  is  by  degrees  discharged  along  with  the  pus. 

The  Carbuncle  is  similar  in  its  general  characters  to  the  boil,  but 
a  much  larger  piece  of  skin  is  involved.  The  slough  is  therefore  of 
much  greater  extent.  It  sometimes  happens  that  the  whole  piece  of 
skin  in  its  entire  thickness  dies  and  is  separated  as  a  dry  leathery 
slough.  More  frequently  the  necrosis  is  less  extensive  in  the  super- 
ficial layers  than  in  the  deeper  parts,  and  the  slough  is  discharged 
through  numerous  small  apertures. 

(b)  Lesions  from  cadaveric  poisons. — In  the  juices  of  the  dead 
body,  when  in  process  of  decomposition,  there  are  innumerable 
bacteria  of  different  kinds.  Some  of  these  may  attack  the  skin  of 
the  dissector  or  pathologist,  and  find  a  lodgment  there.  The 
organisms  themselves  are  of  very  various  degrees  of  virulence.  The 
fluid  in  the  abdomen  after  septic  peritonitis,  such  as  that  which 
occurs  in  one  form  of  puerperal  fever,  for  example,  teems  with 
micrococci,  and  this  fluid  is  peculiarly  virulent  when  applied  to  the 
skin. 

Eesides  degrees  of  activity  in  the  virus,  there  are  various  degrees  in  the  sus- 
ceptibility of  different  persons,  and  of  the  same  person  at  different  times.  A 
state  of  exhaustion  of  the  body  causes  a  greater  degree  of  susceptibility,  and 
makes  the  inroads  of  the  virus  when  once  implanted  more  vigorous  than  in 
persons  in  ordinary  health.  The  inference  from  this  is,  that  the  best  treatment 
for  this  condition  is  to  leave  off  work  and  at  once  seek  rest  and  fresh  air. 

The  virus  very  often  finds  access  to  the  skin  without  any  breach 
of  surface.    When  a  wound  is  made  during  dissection  it  is  usually 
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washed  thoroughly  and  sucked,  while  bleeding  is  encouraged ;  in 
this  way  the  virus  may  be  washed  away.  But  if  it  gets  into  the 
hair  follicles  or  sweat  glands  it  may  lodge  and  multiply  undisturbed. 

The  results  are  somewhat  various.  The  most  severe  is  the  occur- 
rence of  an  Acute  phlegmonous  inflammation,  which  rapidly  goes 
on  to  suppuration.  In  some  cases  the  inflammation  spreads  upwards, 
having  the  characters  of  an  extending  erysipelas.  In  others  the 
characters  are  more  those  of  angeioleucitis,  the  virus  extending  by 
the  lymphatic  vessels,  by  which  it  may  reach  the  glands.  There 
may  thus  occur  a  suppurating  bubo  of  the  axillary  glands. 

An  inflammation  of  the  skin  resembling  erysipelas  may  spread 
from  the  glands  so  affected,  as  the  virus,  checked  in  its  upward 
course  towards  the  trunk  by  the  glands,  passes  outwards  to  the 
lymph  spaces  around.  This  course  of  events  is  shown  in  the  account 
which  Paget  has  given  of  his  own  case  in  his  "  Clinical  Lectures 
and  Essays."  The  inflammation  may  travel  along  the  connective 
tissue  of  the  skin  and  subcutaneous  tissue,  and  may  even  reach  the 
pleura.  In  the  skin  its  effects  may  be  very  severe,  resulting  in 
sloughing  and  profuse  suppuration  like  that  in  erysipelas.  It  may 
even  lead  to  septic  infection  or  pyaemia. 

A  less  severe  and  more  local  result  is  the  formation  of  Boils  at 
the  seats  of  inoculation.  At  first  there  is  usually  a  superficial  pustule, 
but  from  this  the  infection  is  apt  to  spread  downwards  into  the 
deeper  layers  of  the  cutis  and  produce  the  necrosis  and  suppuration 

described  above  as  the 
phenomena  in  boils.  In 
other  cases  the  inflam- 
mation does  not  result 
in  necrosis  and  suppura- 
tion, but  has  a  more 
chronic  course,  produc- 
ing what  is  sometimes 
called  a  blind  boil, 
namely,  an  inflammatory 
thickening  with  consider- 
able elevation. 

The  Pathological  wart 
is  really  a  tuberculosis  of 
the  skin,  see  p.  1076. 
(c)  Phlegmonous  in- 
flammations. Erysipelas. — These  names  are  given  to  acute  infec- 
tive  inflammations  of  the   skin.     In   the  case  of  erysipelas  the 


Fig.  495.  — From  the  skin  in  a  case  of  erysipelas.  The 
upper  illustration  shows  a  lymphatic  vessel  at  the  border 
of  a  sebaceous  gland,  filled  with  micrococci.  The  lower 
shows  a  straight  vessel  similarly  filled.     X  350. 
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virus  depends  on  the  streptococcus  erysipelatis  which  multiplies 
more  or  less  abundantly  in  the  lymph  spaces  and  vessels  of  the 
skin  (see  Fig.  495)  and  subcutaneous  tissue.  The  result  is  a  more 
or  less  severe  inflammation.  At  first  there  is  an  inflammatory 
hyperemia,  which  advances  as  the  virus  propagates  along  the  lymph 
spaces.  This,  with  a  moderate  exudation  of  fluid  and  leucocytes, 
may  be  all.  But  sometimes  there  is  a  much  more  intense  inflamma- 
tion. The  skin  is  infiltrated  with  leucocytes  to  such  an  extent  that 
it  is  softened  and  opened  out  with  pus.  The  epidermis  is  raised 
by  exudation  so  that  vesicles  or  pustules  are  formed.  Sometimes 
the  lymph  spaces  are  occupied  with  fibrine.  Besides  suppuration, 
there  is  often  necrosis  of  portions  of  the  skin  so  that  sloughs  are 
separated  with  the  pus. 

A  somewhat  similar  phlegmonous  inflammation  sometimes  occurs 
around  septic  wounds,  just  as  we  have  described  in  cadaveric 
infection. 

(d)  Soft  chancre,  Ulcus  molle. — This,  which  is  the  ordinary  non- 
syphilitic  venereal  chancre,  is  usually  situated  on  the  organs  of 
generation.  It  is  an  acute  infectious  inflammation,  which  tends  to 
spontaneous  recovery.  In  about  24  hours  after  infection  a  vesicle 
or  pustule  appears,  which  rapidly,  by  loss  of  the  epithelium  and 
molecular  necrosis  of  the  cutis,  is  transformed  into  an  ulcer  of  small 
size.  It  increases  in  size  and  sometimes  by  infection  leads  to  others. 
The  ulcer  sometimes  shows  much  excavation,  so  that  the  skin  is 
partly  undermined.  There  is  frequently  an  extension  to  the  neigh- 
bouring lymphatic  glands,  the  result  being  a  suppurating  bubo. 

The  soft  chancre  usually  heals  in  about  2  to  4  weeks,  and  does 
not  give  rise  to  syphilis.  On  the  other  hand  there  may  be  a 
simultaneous  infection  with  syphilis,  and  the  hard  chancre,  which  is 
of  slow  development,  may  supervene  in  3  or  4  weeks. 

Ducrey  and  Unna  have  asserted  that  the  infection  of  the  soft 
chancre  is  related  to  a  specific  microbe  which  has  the  form  of  a 
bacillus  growing  in  chains  (Streptobacillus). 

(e)  Malignant  oedema. — This  depends  on  the  action  of  a  specific 
microbe,  the  bacillus  of  malignant  oedema  (see  p.  340).  The  affection 
usually  attacks  open  wounds,  and  the  most  typical  result  is  an 
advancing  gangrene  with  development  of  gas,  accompanied  by  acute 
inflammation. 

(/)  Splenic  fever  or  Anthrax. — This  disease  also  depends  on  a 
special  bacillus,  which,  however,  usually  extends  to  the  blood,  and 
the  patient  dies  from  the  general  specific  fever  (see  p.  336).  There 
is   usually  a  local  affection  to  begin  with,  and  the  disease  may 
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remain  local.  The  local  affection  has  the  characters  of  a  phlegmonous 
inflammation  of  the  skin  and  subcutaneous  tissue.  Sometimes  the 
appearances  of  malignant  oedema  are  produced.  From  these  local 
manifestations  the  condition  is  sometimes  called  Malignant  pustule. 

(g)  Hospital  gangrene. — This  is  an  infective  disease  accompanied 
by  sloughing  of  the  skin.  It  is  due  to  a '  specific  virus  which  is 
supposed  to  be  a  micrococcus.  The  disease  occurs  in  unhealthy 
hospitals,  especially  in  time  of  war.  It  attacks  open  wounds,  especially 
granulating  wounds,  and  is  accompanied  either  by  sloughing  or 
molecular  necrosis.  The  gangrene  frequently  travels  along  the  loose 
connective  tissue  and  so  may  undermine  the  skin,  or  isolate  muscles 
and  blood-vessels. 

IV. — SPECIFIC  NEW- FORMATIONS. 

1.  Syphilitic  lesions  of  the  skin. — The  various  manifestations  in 
the  skin  are  the  results  of  the  action  of  the  syphilitic  virus.  The 
lesions,  like  those  elsewhere,  are  either  simply  inflammatory,  or  they 
have  the  characters  of  the  gumma,  forming  in  the  latter  case  more 
or  less  definite  tumours  composed  of  granulation  tissue.  Even  the 
purely  inflammatory  lesions  have  a  tendency,  when  they  have  persisted 
long,  to  present  considerable  new-formation  of  granulation  tissue. 
The  syphilitic  lesions  of  the  skin  may  be  divided  into  the  primary, 
secondary,  and  tertiary. 

(a)  The  Hard  chancre  has  been  described  at  pp.  214-15.  It  is 
characterized  by  a  hard  indurated  base  due  to  an  infiltration  or 
replacement  of  the  soft  and  pliant  cutis  vera  by  granulation  tissue. 

(b)  Skin  eruptions  of  secondary  stage.  Syphilides. — Skin  affections 
are  the  principal  manifestations  of  this  stage,  and  as  the  virus  is  in 
the  blood  the  manifestations  occur  as  a  rule  over  the  skin  as  a 
whole,  although  circumstances  may  determine  a  certain  local  selection. 
The  eruptions  are  for  the  most  part  symmetrical,  and  they  present 
a  peculiar  tendency  to  occur  in  round  patches  of  a  definite  size. 
These  patches,  by  healing  in  the  centres  and  extending  at  the 
periphery,  frequently  assume  a  circular  or  serpiginous  outline. 

The  syphilitic  eruptions  of  the  secondary  stage  are  somewhat 
similar  in  character  to  the  simple  inflammatory  eruptions,  and  they 
are  commonly  designated  by  similar  names.  There  is,  however, 
more  tendency  in  the  syphilides  to  the  development  of  granulation 
tissue  in  the  skin,  and  hence  the  papular  forms  of  eruption  are 
more  frequent.  Whilst  there  is  a  certain  order  of  frequency  which 
usually  obtains,  yet  there  is  no  absolute  fixedness  in  the  rotation  of 
the  syphilides.    In  the  earliest  periods  there  is  usually  a  generalized 
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hyperemia  of  the  skin  {Syphilitic  erythema  or  roseola).  A  more  local 
development  of  elevated  papules,  generally  in  groups,  constituting 
the  syphilitic  lichen  is  the  usual  form  to  follow.  In  these  papules, 
the  corium,  especially  its  superficial  layers,  and  to  a  certain  extent 
the  epidermis,  are  infiltrated  with  round  cells  ;  generally  there  is 
desquamation  of  epidermis,  and  this  is  sometimes  very  prominent. 
Occurring  in  the  palms  of  the  hands  and  soles  of  the  feet  this 
desquamation  is  so  characteristic  as  to  give  rise  to  the  designation 
syphilitic  psoriasis,  the  resemblance  to  psoriasis  being  increased  by  the 
fact  that  the  papules  after  a  time  coalesce  and  there  is  thus 
produced  a  generally  raised  surface. 

The  Condyloma  (Plaque  muqueuse,  mucous  tubercle)  is  a  further  and 
usually  a  later  development  of  the  papule.  It  occurs  generally  in 
situations  where  two  surfaces  of  the  skin  are  in  contact  and  are 
thus  kept  moist,  as  in  the  neighbourhood  of  the  genital  organs,  in 
the  axilla,  beneath  the  mamma,  etc.  We  have  here  a  very  marked 
and  extensive  infiltration  of  the  papillary  layer  of  the  skin  with 
round  cells,  so  that  an  elevated  surface  is  formed.  Sometimes  there 
is  a  special  elongation  of  the  papillae,  so  that  a  warty  surface  is 
produced,  giving  rise  to  the  Pointed  condyloma.  Sometimes  the 
condyloma  breaks  down  on  the  surface  and  an  ulcer  forms. 

The  syphilitic  papules  sometimes  develop  into  pustules  or  vesicles. 
The  pustule  forms  by  the  epidermis  being  raised  from  the  surface, 
while  a  fluid  inflammatory  exudation  occurs  between  it  and  the 
corium,  which  latter  remains  infiltrated  with  round  cells.  The  pustule 
or  vesicle  and  its  infiltrated  base  may  enlarge  so  as  to  produce  a 
broad  bleb  on  a  red  raised  base  (Syphilitic  pemphigus).  The  blebs 
often  dry-in  and  form  raised  crusts  (Rupia).  In  these  cases  the 
pustules  are  as  if  on  the  surface  of  condylomata.  This  is  still  more 
the  case  in  Pemphigus  neonatorum,  which  is  one  of  the  manifestations 
of  hereditary  syphilis.  Here  the  corium  is  affected  somewhat  as  in 
the  condyloma,  but  the  infiltration  has  more  the  characters  of  granu- 
lation tissue.  In  the  condyloma  the  structure  of  the  skin  remains 
to  a  great  extent,  but  it  is  infiltrated  with  round  cells,  which  are 
mostly  leucocytes.  In  pemphigus  neonatorum,  however,  the  tissue 
is  replaced  by  a  vascular  tissue  in  which  are  many  large  cells,  the 
condition  approaching  to  that  of  the  gumma.  On  the  surface  of  this 
the  epidermis  is  raised,  forming  a  vesicle  or  pustule. 

(c)  The  Gumma. — This  is,  as  we  have  seen,  a  special  tertiary 
manifestation.  It  begins  as  a  hard  swelling  in  the  cutis.  It  increases 
in  size  and  raises  the  surface,  sometimes  forming  a  tumour  of  con- 
siderable dimensions.   The  gumma,  which  may  be  multiple,  is  prone 
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to  ulceration.  The  Gummatous  ulcer  somewhat  resembles  the  hard 
chancre,  being  an  indolent  ulcer  with  a  hard  base.  There  may  be 
extensive  destruction  of  the  skin  by  the  gradual  extension  of  the 
ulcer. 

2.  Tuberculosis  of  the  skin.  Lupus.  Scrofuloderma.  The  skin 
from  its  position  is  much  exposed  to  tubercular  infection.  The 
cutaneous  surface,  however,  cannot  be  regarded  as  very  susceptible 
to  this  infection.  Tuberculosis  varies  somewhat  according  to  the 
region  of  the  skin  which  is  affected.  The  most  frequent  and  char- 
acteristic form  is  Lupus. 

Lupus  occurs  mostly  in  children,  and  attacks  chiefly  the  face. 
The  tubercle  bacillus  having  obtained  a  footing  produces  an  advancing 
infiltration  of  the  cutis  with  granulation  tissue,  in  the  midst  of  which 
giant-cells  are  frequently  visible  and  sometimes  defined  tubercles. 
These,  however,  are  apt  to  be  overwhelmed  by  the  cellular  infiltra- 
tion. There  is  commonly  an  exaggeration  of  the  epidermis,  so  that 
epidermic  processes  may  penetrate  somewhat  among  the  granulation 
tissue.  With  all  this  there  is  a  destruction  of  the  specific  structures 
of  the  skin.  The  sebaceous  glands  and  hair  follicles  are  destroyed, 
but  it  is  said  that  the  sweat  glands,  being  situated  beneath  the 
cutis,  are  spared. 

The  tubercular  new-formation  undergoes  degenerative  changes, 
which  lead  frequently  to  ulceration,  but  sometimes  cause  cicatriza- 
tion without  ulceration. 

The  appearances  presented  to  the  naked  eye  vary  considerably. 
There  is  a  local  infiltration  of  the  skin,  giving  an  irregular  raised 
surface.  The  thickening  may  be  very  great  (L.  hypertrophieus) ;  or 
there  may  be  considerable  thickening  and  desquamation  of  the  epi- 
dermis (L.  exfoliativa).  Ulceration  is  frequently  manifest  (L.  exedens 
or  ulcerous),  and  the  ulcers  are  often  very  varied  in  shape ;  or 
ulceration  may  be  absent  (L.  non-exedens). 

Lupus  is  not  usually  accompanied  by  tubercular  manifestations  in 
other  parts,  except  that  the  associated  lymphatic  glands  are  not 
infrequently  affected. 

Scrofuloderma  is  a  term  whose  definition  from  lupus  is  not  easily 
made.  It  is  mostly  secondary  to  tuberculosis  in  the  glands  or  sub- 
cutaneous tissue.  The  primary  seat  being  usually  beneath  the  cutis 
the  latter  is  attacked  irregularly,  and  there  may  be,  over  an  extended 
surface,  many  irregular  swellings  with  ulcerations  (see  Fig.  496). 
There  may  be  great  thickening  of  the  skin,  such  as  to  cause  some 
resemblance  to  elephantiasis  in  cases  where  the  leg  is  affected. 

The  Pathological  wart  has  all  the  characters  of  lupus,  consisting 
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in  a  tuberculosis  of  the  skin.  It  arises  by  inoculation  of  the  tubercle 
bacillus  in  the  course  of  post-mortem  work.  There  is  at  first  a  more 
or  less  acute  localized  inflammation,  which  gradually  subsides  into 
a  chronic  thickening,  the  surface 
of  which  often  shows  exaggerated 
papilkelike  those  of  a  wart.  There 
is  not  much  tendency  to  exten- 
sion, and  not  much  inclination  to 
healing. 

3.  Leprosy  in  its  cutaneous  or 
so-called  tubercular  form  has  been 
already  described  at  page  237. 

4.  Elephantiasis  has  also  been 
considered  at  page  238. 

5.  Framboesia.  Yaws.  Pian. — 
The  disease  called  by  these  names, 
of  which  the  two  last  are  the      Fjg  496>_Tuberculosis  of  the  skin  of  the  leg 

local  designations,  presents  many   and  foot    Scrofuloderma.  The  skin  is  irregularly 
t>  '  I  J    infiltrated,  and  there  are  many  ulcers. 

analogies   with   syphilis.  Some 

European  observers  have  believed  it  to  be  syphilis,  but  those  who 
have  actually  come  into  contact  with  the  disease  have  denied  the 
identity.  It  is  met  with  almost  alone  in  the  coloured  races,  but 
this  is  probably  because  of  local  circumstances  and  habits.  It  is 
endemic  in  certain  tropical  lands,  which  are  chiefly  the  tropical  parts 
of  America,  including  the  West  Indies  and  parts  of  North  and  South 
America,  the  West  and  East  Coasts  of  Africa,  many  of  the  African 
islands,  and  some  of  those  of  the  Pacific. 

The  disease  is  acquired  by  contagion  or  inoculation,  and  begins 
mostly  in  childhood,  although  the  first  year  is  usually  exempt.  A 
period  of  incubation  of  three  to  ten  weeks  is  followed  by  the  Primary 
sore  at  first  in  the  form  of  a  papule,  followed  by  an  ulcer  whose 
floor  consists  of  granulation  tissue.  The  lesion  is  seldom  on  the 
genital  organs,  and  it  is  not  indurated. 

There  is  next  a  Secondary  stage,  which  usually  begins  after  the 
primary  one  has  healed.  It  is  associated  with  fever  and  general 
symptoms,  and  is  characterized  by  a  cutaneous  eruption.  The  erup- 
tion is  at  first  merely  congestive,  but  papules  develop,  most  of  which 
disappear,  but  some  persist  and  enlarge,  and  there  are  formed  areas 
of  protruding  fungating  granulations  which  are  sometimes  called 
tubercles.  These  tubercles  have  been  compared  to  raspberries,  and 
from  this  is  derived  the  name  Framboesia  (framboise  =  a  raspberry), 
but  they  do  not  usually  have  the  bright  red  colour  of  that  fruit. 


1078 


THE  SKIN  AND  APPENDAGES. 


There  is  some  discharge  of  pus  from  the  tubercles.  These  secondary 
tubercles  may  be  very  few,  and  they  have  not  a  symmetrical  arrange- 
ment. The  microscopic  structure  is  that  of  ordinary  granulations. 
It  is  comparable  with  that  of  the  condylomata  of  syphilis,  but  the 
tubercles  are  not,  like  these,  limited  to  the  neighbourhood  of  the 
mouth  and  genitals,  and  they  do  not  occur  in  the  mucous  membranes. 

The  Tertiary  stage  may,  like  that  of  syphilis,  supervene  long 
after  the  healing  of  the  secondary  stage,  or  it  may  almost  directly 
follow  it.  There  are  chiefly  extensive  ulcerations  of  the  skin,  and 
sometimes  of  the  mucous  membranes.    There  are  no  proper  gummata 
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Fig.  497. — Section  of  skin  in  frambcesia,  from  a  part  where  the  disease  was  not 
very  far  advanced.  The  papillary  layer  of  the  cutis  is  seen  to  be  replaced  by  granula- 
tion tissue,  while  the  epidermis  is  preserved  on  the  surface,    x  75. 

and  there  is  no  caseous  condition,  but  simply  an  exuberant  growth 
of  granulations  which  break  down  and  form  the  ulcers.  At  the 
advancing  edge  the  granulation  tissue  may  be  seen  advancing  in  the 
superficial  layers  of  the  cutis,  as  in  Fig.  497.     These  ulcerations 
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are  most  common  on  the  legs,  and  extensive  thickenings  and  ulcer- 
ations may  supervene,  so  as  to  produce  resemblances  to  elephantiasis 
and  leprosy.  In  this  stage  there  is  an  occasional  extension  to  the 
periosteum,  but  not  apparently  to  the  nervous  system. 

The  analogies  with  syphilis  are  obvious  from  the  above  description. 
The  points  of  difference  are  chiefly  the  early  age  of  its  occurrence, 
its  endemic  character,  the  fact  that  the  secondary  stage  is  charac- 
terized by  tubercles  of  granulation  tissue  rather  than  polymorphous 
eruptions,  the  difference  in  structure  and  locality  of  the  tertiary 
lesions,  and  the  absence  of  any  affection  of  the  lymphatic  glands. 
From  the  author's  own  observation  of  a  case  of  Frambcesia  he  is 
convinced  that  the  two  diseases  are  perfectly  distinct. 

Literature. — Frambcesia — See  a  very  complete  account  of  the  dis.  with  literature, 
etc.,  by  J.  Numa  Eat,  Framboesia  (Yaws),  with  prefatory  remarks  by  Jonathan 
Hutchinson,  1891. 

V.— TROPHONEUROSES  OF  THE  SKIN. 

We  include  under  this  heading  lesions  of  the  skin  in  which,  by 
reason  of  disease  of  the  nervous  system,  such  changes  occur  in  the 
nutritive  processes  as  to  lead  to  definite  anatomical  results.  The 
existence  of  separate  trophic  nerves  for  the  skin  has  not  been 
demonstrated.  But  there  are  evidences,  especially  in  pathological 
processes,  that  trophic  centres  exist,  and  that  fibres  convey  impulses 
of  this  kind  to  the  skin.  The  ganglia  of  the  posterior  roots  of  the 
spinal  nerves  and  the  similar  Gasserian  ganglion  seem  to  contain 
trophic  centres,  and  the  trophic  fibres  are  either  identical  with  the 
sensory  ones  or  run  along  with  them. 

Causation. — We  have  already  seen  that  certain  conditions  of  the 
nerves  lead  to  disorders  of  the  circulation  in  the  skin  (see  p.  1056), 
and  that  some  of  these  affections  graduate  towards  inflammations.  We 
have  here  to  consider  conditions,  more  or  less  definitely  related  to 
the  nerves,  in  which  pronounced  structural  changes  occur,  many  of 
them  having  the  characters  of  inflammation. 

The  exact  relation  of  the  lesions  to  the  nerves  is  often  difficult 
to  determine.  On  the  one  hand,  it  is  undoubted  that  interference 
with  the  nerves  by  division  or  by  irritation  induces  lesions  of  the 
skin.  Again,  locomotor  ataxia  is  often  accompanied  by  cutaneous 
eruptions,  especially  during  the  early  stage.  These  are  probably 
the  result  of  the  irritation  of  sensory  nerves.  Again,  there  are  skin 
lesions  which  apparently  arise  by  irritants  in  the  blood  attacking 
the  nerves.  This  possibly  applies  to  some  cases  of  urticaria  and 
erythema  nodosum,  and  is  asserted  also  to  have  to  do  with  the 


1080 


THE  SKIN  AND  APPENDAGES. 


causation  of  herpes.  On  the  other  hand,  it  is  difficult  to  assign 
the  exact  modus  operandi  of  the  nerve-condition  on  the  lesions  in  the 
skin.  The  influence  may  be  exercised  by  means  of  the  blood-supply, 
but  also  more  directly.  It  can  scarcely  be  thought  that  the  nerve- 
lesions  in  themselves  are  capable  of  producing  inflammations  of 
the  skin,  for  which  the  action  of  irritants  is  necessary,  but  nerve- 
conditions  may  so  affect  the  skin  as  that  ordinary  stimuli,  as  of 
friction,  etc.,  may  come  to  act  as  irritants  and  induce  inflammation. 
In  such  case  the  nerve-lesion  is  the  most  important  element  in  the 
causation. 

1.  Cutaneous  lesions  in  nerve-leprosy. — These  have  been  referred 
to  at  p.  238.  They  consist  chiefly  in  alterations  in  colour,  with 
ulcerations,  the  latter  probably  to  be  ascribed  to  the  anaesthesia. 

2.  Cutaneous  lesions  due  to  nerve-syphilis. — When  syphilis  attacks 
the  peripheral  nerves  there  are  cutaneous  eruptions,  often  charac- 
terized by  long-continued  pigmentation,  which  are  distinguished 
from  ordinary  syphilides  by  their  persistent  local  distribution. 

3.  Herpes. — The  two  principal  divisions  of  herpes  are  to  be  dis- 
tinguished in  their  general  causation,  although  similar  in  their  ana- 
tomical characters.  On  the  one  hand,  Herpes  facialis  and  Herpes 
genitalis  occur  in  the  course  of  a  number  of  acute  febrile  diseases, 
such  as  pneumonia,  cerebro-spinal  meningitis,  and  malaria,  being 
particularly  frequent  in  pneumonia.  It  is  probable  that  the  infective 
agent  acts  on  the  nerves  of  these  parts,  and  so  leads  to  the  affection. 
On  the  other  hand,  Herpes  zoster  is  related  to  an  unknown  irritant 
which  attacks  the  particular  nerve  stems,  producing  neuralgia.  The 
eruption  is  limited  to  the  distribution  of  particular  nerves,  and  is 
strictly  unilateral.  It  is  frequently  related  to  an  intercostal  nerve, 
or  it  may  occur  on  one  side  of  the  face  in  connection  with  a 
neuralgia  of  the  fifth  nerve. 

The  eruption  in  the  skin  is  in  the  form  of  vesicles  which  some- 
what rapidly  pass  through  a  series  of  changes.  There  is  first  a 
group  of  slight  elevations  occupying  a  reddened  patch  of  skin,  and 
each  of  these  rapidly  develops  a  vesicle  •  in  a  few  days  the  vesicle 
dries  up  into  a  crust,  under  which  fresh  epidermis  is  formed.  In 
its  details  the  eruption  is  inflammatory.  There  is  hyperemia  and 
oedema  of  the  papillary  layer  of  the  skin.  The  serous  exudation 
collects  in  the  Malpighian  layer  of  the  epidermis,  separating  its 
cells  just  as  in  the  case  of  the  small-pox  eruption.  The  vesicle  is 
divided  by  a  network  composed  of  the  elongated  and  contorted 
epidermic  cells,  which  often  present  clear  spaces  or  vacuoles  in  their 
substance.    In  the  serous  contents  of  the  vesicles  there  are  leuco- 
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cytep,  and  these  may  accumulate  till  the  fluid  approaches  to  the 
nature  of  pus.  The  papillary  layer  is  also  frequently  the  seat  of 
infiltration  with  round  cells.  Occasionally  there  is  haemorrhage,  and 
the  papillary  la}7er  of  the  skin  may  be  destroyed,  so  that  when 
healing  occurs  by  granulation  a  cicatrix  may  be  the  result. 

The  nervous  origin  of  herpes  has  been  abundantly  established.  Direct  injury 
to  a  nerve,  as  by  a  gunshot  or  other  wound,  may  cause  it.  It  is  to  be  presumed 
that,  in  this  case,  the  inflammatory  process  in  the  wound  irritates  the  nerve, 
and  the  cutaneous  inflammation  may  be  regarded  as  due  to  the  irritation  of 
trophic  fibres. 

A  herpetic  eruption  may  arise  from  disease  of  the  spinal  cord  and  brain.  In 
the  case  of  the  cord  it  is  chiefly  in  locomotor  ataxia  that  we  meet  with  herpes, 
and  the  eruption  is  accompanied  by  the  severe  pains  characteristic  of  that  disease. 
We  know  that  in  locomotor  ataxia  it  is  the  posterior  columns  of  the  cord  that 
are  affected,  and  this  would  indicate  that  the  cutaneous  trophic  fibres  run  in 
these  parts,  while  the  coincidence  of  neuralgic  pains  also  indicates  a  sensory 
locality.  It  is  here  again  to  be  presumed  that  the  lesion  producing  the  herpes 
is  an  irritative  one  as  indicated  by  the  violent  coincident  pains.  But  we  may 
have  herpetic  eruptions  from  disease  in  the  brain.  There  are  cases  recorded  in 
which  one  half  of  the  body  was  affected,  and  in  some  of  these  there  was  a 
hemiplegia  due  to  a  coarse  lesion  in  the  brain.  There  are  also  a  few  cases  on 
record  of  universal  or  nearly  universal  herpes. 

4.  Glossy  skin.- — This  name  was  applied  by  Paget  to  a  condition 
which  he  observed  in  connection  with  injuries  or  wounds  of  the 
nerves.  There  is  here  again  indication  of  irritation  of  the  nerves, 
as  there  is  always  neuralgic  pain,  described  by  Mitchell  as  burning 
pain.  The  condition  also  occurs  sometimes  after  an  attack  of  herpes 
(Paget),  and  it  may  be  associated  with  eczema.  It  may  also  follow 
disease  of  the  spinal  cord  (Mitchell). 

The  disease  occurs  mainly  in  the  hand,  and  especially  in  the 
fingers.  The  affected  fingers  "are  usually  tapering,  smooth,  hair- 
less, almost  devoid  of  wrinkles,  glossy,  pink,  or  ruddy,  or  blotched 
as  if  with  permanent  chilblains"  (Paget).  The  most  striking  pecu- 
liarity is  the  shining,  glossy  appearance  of  the  surface  as  if  it  had 
been  varnished.  The  comparison  with  chilblains  is  usually  appli- 
cable, but  sometimes  the  appearance  is  rather  that  of  highly  polished 
scars,  and  the  condition  resembles  that  in  morphoea.  In  the  affected 
part  the  hairs  mostly  disappear,  and  the  nails  undergo  peculiar 
changes.  The  latter  become  greatly  curved,  much  more  than  in 
cases  of  phthisis,  while  the  skin  at  the  root  of  the  nail  becomes  re- 
tracted, leaving  the  sensitive  matrix  partly  exposed.  The  disease 
affects  mainly  the  fingers  and  toes,  but  it  may  extend  to  the  palm 
of  the  hand  or  the  dorsum  of  the  foot.  The  histological  details  in 
this  condition  are  unknown. 
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5.  Scleroderma  and  Morphoea.— The  name  scleroderma  adultorum 
is  given  to  a  rare  form  of  skin  disease  which  affects  considerable 
areas  and  is  usually  symmetrical.  Morphoea  or  Addison's  keloid 
has  similar  anatomical  characters,  but  occurs  in  localized  patches. 

In  the  more  diffuse  form  of  scleroderma  proper,  extensive  tracts 
of  skin  are  sometimes  involved,  such  as  the  greater  part  of  the  face, 
the  arms,  etc.  In  a  case  observed  by  the  author,  the  face,  chest, 
and  both  forearms  and  hands  were  affected,  and  dry  gangrene  had 
occurred  in  the  fingers,  which  had  a  stiff  black  appearance. 

The  nature  of  these  affections  is  not  quite  determined,  but  many  facts  point 
to  a  nervous  origin.  There  is  the  symmetrical  character  of  the  lesion  and  its 
wide  distribution,  as  well  as  the  fact  that  lesions  of  the  sympathetic  have  been 
believed  to  give  rise  to  it.  The  lesions,  consisting  of  a  slow  increase  of  the 
connective  tissue  with  atrophy  of  the  special  structures,  resemble  those  which 
occur  in  muscles  as  a  result  of  severance  from  their  trophic  centres  (see  p.  598). 

In  its  anatomical  details  the  skin  in  both  forms  presents  char- 
acters which  may  be  summarized  as  atrophy  with  chronic  inflam- 
mation. The  papillae  are  mostly  flattened,  and  the  cutis  thinner  than 
normal ;  the  cutis  is  composed  also  of  more  homogeneous  connective 
tissue  than  usual,  having  somewhat  the  characters  of  cicatricial 
tissue,  and  less  fibrous  than  that  of  the  normal  skin.  This  con- 
dition extends  somewhat  to  the  subcutaneous  tissue  where  the  fat 
is  to  a  considerable  extent  atrophied,  apparently  by  the  encroach 
ment  of  the  connective  tissue.  The  hairs  are  also  atrophied  in  the 
affected  areas,  and  there  is  said  to  be  alopecia  when  the  patches 
extend  to  the  hairy  scalp.  The  evidence  of  chronic  inflammation  is 
the  existence  of  abundant  nuclei  in  the  altered  skin.  These  are 
usually  aggregated  around  the  blood-vessels,  but  they  are  also  seen 
around  sebaceous  glands  and  under  the  rete  Malpighii. 

Complete  recovery  seems  to  be  not  uncommon  in  this  disease, 
although  it  may  be  slow. 

Allied  to  scleroderma  in  the  general  characters  of  the  lesion  in 
the  skin  is  the  condition  commonly  designated  Sclerema  neonatorum. 
In  this  disease  the  skin,  usually  of  the  lower  extremities,  is  hard 
and  swollen,  so  that  movement  of  the  limbs  is  curtailed.  When  it 
persists  for  some  time  the  skin  may  be  like  parchment. 

Literature. — Herpes — Picaud,  Des  eruptions  cutan.  consec.  aux  lesions  traumat., 
1875 ;  Mitchell,  Injuries  of  nerves,  etc.,  1872 ;  Barensprung,  Charite-Annalen, 
ix.,  1863;  Kaposi,  Hautkrankh.,  1882;  Charcot,  Dis.  of  nerv.  syst.,  i.  (Syd.  Soc), 
1877.  Glossy  skin — Paget,  Med.  Times  and  Gazette,  i.,  1864;  Mitchell,  1.  c. ; 
Bowlby,  Injuries  and  Dis.  of  nerves,  1889.    Scleroderma — Hilton  Fagge,  Guy's 
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Hosp.  Eep.,  1867,  xv.,  187;  Chiari  and  Madek,  Vierteljahrschr.  f.  Dermat.  u. 
Syph.,  1878;  Hutchinson,  Lect.  on  clin.  surg.,  1878;  Schwimmer,  Die  neuro- 
path. Dermatosen,  1883;  M'Calman,  Glasg.  Med.  Jour.,  xvi.,  1881;  Steven, 
ibid.,  xxvi.,  1886  ;  Erben,  Vierteljahrsch.  f.  Dermat.,  xv.,  1888;  Lewin  and  Heller, 
(literature  very  full)  Charite  Annalen,  xix.,  1894;  Ballantyne,  [Sclerema)  Brit. 
Med.  Jour.,  1890,  L,  403.  Addison's  Keloid— Addison,  Published  writings  (Syd. 
Soc.),  1869;  Hilton  Fagge,  1.  c. ;  Hutchinson,  1.  c. 

VI. — HYPERTROPHIES  AND  TUMOURS  OF  THE  SKIN. 

1.  Ichthyosis. — This  is  a  disease  which  apparently  owes  its  origin 
to  a  congenital  defect  in  the  constitution  of  the  skin.  The  disease 
itself  is  sometimes  manifest  at  birth,  but  if  not  it  begins  in  the 
earlier  years  of  life,  gradually  extends  over  the  whole  body,  and 
continues  during  life.  It  is  in  a  striking  manner  inherited  (see 
p.  19). 

It  consists,  anatomically,  in  an  affection  of  the  epidermis,  which 
is  sometimes  greatly  thickened  and  irregular.  The  thickened  epi- 
dermis forms  scales  of  larger  or  smaller  size,  sometimes  producing 
merely  a  furfuraceous  exfoliation,  but  in  more  severe  cases  giving 
rise  to  large  plates  like  fish  scales.  From  this  latter  appearance  the 
name  of  the  disease  is  derived.  The  scales  do  not  consist  entirely 
of  epidermis,  but  contain  sebaceous  material,  which  is  sometimes  so 
abundant  as  to  give  the  scales  a  polished  appearance  like  mother- 
of-pearl.  The  large  scales  may  be  so  fixed  as  to  give  an  imbricated 
appearance.  The  milder  forms  of  the  disease,  in  which  there  is 
little  more  than  an  excessive  scaliness  of  the  surface,  are  often  in- 
cluded under  the  designation  Ichthyosis  simplex  or  Xeroderma,  while 
the  more  severe  forms,  in  which  there  are  prominent  scales,  are  dis- 
tinguished by  the  name  Ichthyosis  cornea  or  Ichthyosis  hystrix. 

In  the  milder  forms  the  cutis  is  not  markedly  affected,  but  in  some 
cases  the  papillae  are  greatly  elongated.  The  substance  of  the  corium 
is  often  atrophied,  and  the  subcutaneous  fat  deficient. 

2.  Callosity  and  Corn. — This  is  an  exaggeration  of  the  horny 
epidermis  occurring  where  the  parts  are  exposed  to  unusual  friction. 
It  is  a  true  hypertrophy,  being  a  direct  provision  of  nature  to 
protect  the  true  skin  from  the  excessive  friction  to  which  it  is 
exposed.  The  best  example  of  the  callosity  is  in  the  horny  hands 
of  workmen,  but  it  is  often  seen  in  the  feet,  at  points  which  are 
peculiarly  exposed  to  pressure.  From  the  situations  of  these  callo- 
sities, as  Hebra  pointed  out,  the  occupation  of  the  person  may 
often  be  made  out. 

The  Corn  (Clavus)  is  closely  related  to  the  callosity.  Here,  also, 
there  is  friction,  but  it  is  associated  with  compression.    It  occurs 
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chiefly  in  the  foot  where  there  is  a  concentric  pressure  from  ill-fitting 
boots,  and  friction  against  either  the  boot  or  a  neighbouring  toe. 
There  is,  as  in  the  former  case,  an  excessive  new-formation  of  horny 
epidermis,  but,  by  the  concentric  pressure,  the  layers  of  epidermis 
have  their  directions  changed,  and  growing  against  each  other,  they 
are  projected  inwards  towards  the  cutis.  There  is  thus  an  ingrowing 
kernel  of  hard  horny  epidermis  which  has  given  rise  to  the  name 
of  corn.  The  cutis  is  irritated  and  undergoes  atrophy.  Around 
the  kernel  or  "core"  the  epidermis  is  always  thickened,  the  condition 
being  like  that  of  the  callosity. 

3.  Common  or  Hard  wart  {Verruca  dura). — This  may  be  variously 
regarded  either  as  a  tumour  or  a  hypertrophy  of  the  skin.  The 
frequently  multiple  character  of  the  common  wart  and  its  grouping 
suggest  an  infective  origin.  It  consists  of  a  local  exaggeration  of  the 
normal  structures  and  occurs  in  numbers  in  the  same  person.  A 
group  of  papillae  are  elongated,  and  the  epidermis  over  them  thickened, 
so  that  the  characters  are  those  of  a  hard  papilloma. 

The  Horn  is  of  similar  structure  to  the  wart,  but  the  papillae  are 
usually  more  elongated,  while  the  horny  layer  of  the  epidermis  is 
compacted  into  a  more  consistent  mass  which  forms  a  prominent 
outgrowth. 

4.  Soft  wart  ( Verruca  mollis)  and  Pigmented  mole  (Nazvus  pigmentosum) 
are  closely  allied  conditions.  They  are  very  often  congenital,  or 
they  occur  very  early  in  life,  and  usually  remain  stationary  through- 


Fig.  498.— Section  of  a  soft  wart.  It  is  covered  with  epidermis  and  consists  of  a 
very  cellular  tissue.  The  cells  were  spindle-shaped.  To  the  left  a  hair-follicle  and 
sebaceous  gland. 


out  life.  They  are  smaller  or  larger  elevations  of  the  skin,  either 
colourless  or  pigmented,  and  frequently  beset  with  hairs.    Many  of 
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them  present  the  structure  shown  in  Fig.  498,  which  places  them  in 
the  category  of  true  tumours.  They  are  covered  by  epidermis  which 
shows  little  difference  from  the  normal.  But  instead  of  the  normal 
tissue  of  the  cutis  beneath  the  epidermis  there  are  masses  of  cells 
separated  by  connective  tissue.  The  cells  in  these  nests  are  usually 
large  and  resemble  large  sarcomatous  cells.  The  presumption  is  that 
these  structures  are  really  survivals  of  the  foetal  condition,  and  their 
importance  in  relation  to  tumours  has  already  been  referred  to  at 
p.  247.  In  their  structure  it  will  be  observed  that  these  warts  are 
much  more  like  tumours  than  the  ordinary  warts,  and  that  their 
tissue  conforms  to  that  of  the  sarcomas.  Sometimes  a  soft  wart  is 
composed  of  a  mass  of  adipose  tissue  coA^ered  by  epidermis. 

5.  Angioma.  Vascular  nsevus. — In  the  skin  we  meet  with  all 
the  three  forms  of  vascular  tumour  referred  to  at  p.  272,  the  venous, 
capillary,  and  cavernous.  The  ordinary  nsevus,  which  is  in  the  form 
of  a  flat,  more  or  less  extensive  area  of  a  bright  or  bluish  red  colour, 
consists  essentially  of  enlarged  veins.  This  seldom  becomes  prominent 
and  is  not  erectile.  It  is  a  congenital  lesion,  and  its  origin  has  been 
ascribed  to  faulty  union  of  the  foetal  fissures,  more  especially  the 
branchial  clefts.  Accord- 
ing to  Unna,  however,  it 
is  due  rather  to  pressure 
of  the  foetus  against  the 
more  resisting  maternal 
parts,  especially  in  cases 
when  the  amnionic  fluid 
is  deficient.  The  capil- 
lary and  cavernous  angi- 
omata  are  more  promin- 
ent tumours.  Whilst 
mostly,  like  the  venous 
form,  congenital  in  ori- 
gin, these  are  liable  to 
enlarge  during  extra- 
uterine life.  In  some 
cases  the  cavernous 
form,  after  many  years 
of  quiet  existence,  takes 
on  a  sarcomatous  action, 
so  as  to  form  an  angio- 
sarcoma as  shown  in  Fig.  499,  in  this  respect  showing  analogies  with 
the  congenital  soft  wart.    When  this  occurs  the  walls  of  the  vascular 


Fig.  499.—  Angiosarcoma  of  arm.  There  had  been  a  caver- 
nous angioma  first  noticed  at  ten  years  of  age,  but  increasing 
gradually  from  the  age  of  twenty-one.  It  had  grown  more 
rapidly  for  the  last  four  or  five  years.  Before  removal  it 
formed  a  prominent  erectile  tumour.  The  patient  was  a  man 
aged  forty-five  years,    x  100. 
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spaces  become  highly  cellular  as  shown  in  the  figure.  These  cellular 
trabecular,  it  will  be  observed,  have  their  own  capillary  vessels. 

The  most  frequent  seat  of  the  vascular  nsevus  is  the  head,  more 
particularly  the  eyelids,  cheeks,  ear,  nose,  and  lips.  According  to 
Unna,  they  are  present,  often  merely  as  slight  marks,  near  the 
vertex  of  the  head  in  from  10  to  20  per  cent,  of  persons.  They 
occur  less  frequently  on  the  trunk  and  limbs. 

6.  True  keloid. — This  is  an  elevation  of  the  skin  which  has  in  its 
marginal  parts  branching  processes  extending  out.  There  is  evidently 
considerable  contraction  and  dragging  produced  by  the  central  tumour 
and  the  radiating  processes,  so  that  the  skin  is  puckered  around  as 
in  the  case  of  a  contracting  cicatrix.  The  lesion  has  many  of  the 
characters  of  a  definite  tumour.  It  is  composed,  in  the  fully  developed 
state,  of  dense  connective  tissue  which  may  be  unduly  cellular.  The 
new-formation  has  its  seat  in  the  deeper  layers  of  the  cutis,  and  it  is 
stated  that  the  papillary  layer  is  intact.  In  the  earlier  stages  it 
consists  mainly  of  spindle  cells,  and  Virchow  therefore  regarded  it 
as  a  sarcoma.  The  analogy  to  the  sarcoma  is  supported  by  the  fact 
that  the  tumour  recurs  on  removal.  The  most  common  site  of  keloid 
is  the  front  or  back  of  the  chest,  but  it  is  found  in  other  parts. 

The  name  False  keloid  is  sometimes  used  to  designate  a  condi- 
tion which  occurs  in  Scars.  A  localized  thickening,  usually  in  the 
midst  of  a  large  cicatrix,  as  from  a  burn  or  an  ulcer,  presents 
itself,  and  there  are  raised  processes  passing  out  from  it  as  in  the 
true  keloid.    This  is  commonest  in  tubercular  subjects. 


Fig.  500.— Molluscum  contagiosum.  It  forms  a  flat  elevation  as  shown  by  the 
position  of  the  epidermic  surface  on  either  side.       x  20. 


7.  Molluscum  contagiosum  {Epithelioma  molluscum). — This  name  is 
applied  to  small  multiple  growths  of  the  skin,  occurring  chiefly  on 
the  face  and  showing  a  preference  for  the  eyelids,  but  sometimes 
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extending  so  as  to  be  almost  universal  over  the  body.  The  indivi- 
dual nodules  have  been  compared  to  pearl  buttons,  which  they 
resemble  in  their  circular  shape  and  central  depression,  but  they 
are  usually  pink  in  colour.  There  is  considerable  elevation  of  the 
little  growth,  and,  although  generally  sessile,  it  sometimes  becomes 
pedunculated  and  may  even  drop  oft'. 

The  little  nodule  (see  Fig.  500,  and  also  Fig.  170,  p.  368)  con 
sists  essentially  of  new-formed  epithelium,  in  the  cells  of  which 
i  the  peculiar  bodies  form  which  many  regard  as  parasitic  protozoa 
(p.  368).  The  whole  tumour  looks  like  an  enlarged  and  altered 
sebaceous  gland  with  its  lobules  and  central  duct,  but  the  obser- 
vations of  Virchow,  Thin,  and  others,  render  it  very  doubtful  if 
the  lesions  have  this  origin.  Thin  believes  that  the  infective  agent 
gets  in  by  the  hair  follicles  and  stimulates  the  Malpighian  layer  of 
the  epidermis  to  new-formation.  The  sebaceous  glands  are  really 
pushed  aside  by  the  growing  tumour. 

The  disease  depends  on  some  virus,  and,  as  the  name  implies,  it  " 
is  contagious.    It  generally  occurs  in  groups  in  the  same  person, 
as  if  spreading,  and  several  members  of  the  same  family,  or  several 
persons  living  together,  are  usually  affected  simultaneously.     It  is 
usually  seen  in  children,  but  occurs  also  in  adults. 

8.  Fibroma  molluscum. — This  condition  is  to  be  carefully  dis- 
tinguished from  that  just  mentioned.  In  it  there  are  large  numbers 
of  tumours  over  the  surface  of  the  body,  these  being  composed  of 
fibrous  tissue.  The  annexed  figure  gives  a  graphic  picture  of  the 
condition.  The  subject  was  a  Hindoo  aged  85  years,  who  had  been 
affected  for  44  years.    His  general  health  did  not  suffer. 

Small  Fibromas  have  been  frequently  observed  in  the  skin  in 
rheumatic  cases,  especially  in  children.  They  are  usually  temporary. 
Larger  tumours  have  been  observed  associated  with  rheumatism  in 
adults. 

The  Myoma  of  the  skin  occurs  either  as  a  single  small  tumour, 
which  form  constitutes  the  painful  subcutaneous  tubercle  of  Wood 
(see  p.  267),  or  in  the  multiple  form. 

9.  Xanthoma  or  Xanthelasma. — This  name  is  applied  to  slight 
elevations  of  the  skin  of  a  yellowish  colour.  They  occur  mostly 
on  the  eyelids,  where  they  appear  as  firm  yellow  patches,  which 
are  usually  quite  flat,  but  may  be  slightly  tuberculated.  They  con- 
sist of  firm  connective  tissue  in  which  finely  divided  fat  granules 
are  abundantly  present.  The  latter  give  the  opaque  yellow  char- 
acter to  the  lesion. 

10.  Of  the  remaining  simple-tissue  tumours,  the  Lipoma  is  common, 
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originating  in  the  subcutaneous  tissue.  The  Myxoma  is  not  infre- 
quent, and  the  Enchondroma  and  Osteoma  very  unusual. 


"  _ .  _  - — J 

Fig.  501. — Fibroma  molluscum  in  a  man  aged  eighty-five  years,  who  had  been 
affecced  for  forty-four  years.    (From  a  photograph  lent  by  Dr.  H.  E.  Jones.) 

11.  Xeroderma  pigmentosum. — This  disease,  with  its  prolonged 
course  and  its  final  tendency  to  cancerous  development,  forms  one 
of  the  most  curious  and  most  difficult  problems  of  pathology.  It 
seems  to  have  as  a  predisposing  cause  a  peculiar  sensitiveness  of  the 
skin  to  sunlight.  This  is  shown  by  the  fact  that  it  occurs  in  the 
parts  of  the  skin  exposed  to  the  light,  and  that  it  usually  com- 
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mences  in  the  second  year  of  life,  this  being  the  time  when  children 
begin  to  run  about  and  become  more  exposed  to  the  sunlight. 
That  this  is  a  constitutional  peculiarity  appears  from  the  frequency 
with  which  the  disease  occurs  in  several  members  of  the  same 
family. 

The  disease  begins  usually  in  spots  of  hyperemia  on  the  exposed 
parts  of  the  body,  which  assume  the  form  of  pigmented  areas  re- 
sembling ordinary  freckles.  There  follow  on  this,  usually  in  the 
course  of  years,  various  alterations  in  the  skin  in  the  form  of 
slight  warty  projections,  atrophic  areas  in  which  the  skin  is  hard 
and  tense,  and  local  dilatations  of  the  vessels.  This  goes  on  usually 
for  years  and  is  succeeded  by  a  condition  in  which  in  one  or  more 
places  the  warty  projections  assume  cancerous  characters,  the  epi- 
dermic cells  penetrating  downwards  into  the  cutis  vera,  in  the  manner 
of  a  regular  epithelioma.  The  cancer  ulcerates,  and,  as  it  extends 
at  the  same  time,  there  may  be  very  great  destruction  of  the  parts, 
even  down  to  the  bones.  In  a  case  seen  after  death  by  the  author, 
there  occurred  destruction  of  almost  the  entire  side  of  the  face, 
along  with  large  portions  of  the  temporal  bone  and  the  superior 
and  inferior  maxillae. 

A  somewhat  analogous  disease  occurring  in  adults  has  been  described 
by  Unna  with  the  name  of  Seaman's  skin.  In  it  the  exposure  to  the 
weather  sometimes  induces  in  seamen  a  condition  of  cyanotic  red- 
ness followed  by  pigmentation,  thickening  of  the  horny  epidermis, 
etc.  On  this,  at  long  intervals,  follows  the  development  of  Ulcer- 
ating cancer,  just  as  in  the  other  case. 

12.  Sarcoma. — This  form  of  tumour  is  of  somewhat  frequent  occur- 
rence, and  we  may  have  round-celled  or  spindle-celled  growths, 
which  sometimes  assume  considerable  dimensions.  Sarcomas  some- 
times originate  from  soft  warts  or  moles,  and  when  they  do  so  they 
frequently  present  a  similar  structure  to  that  described  above, 
namely,  masses  of  large  round  cells  in  a  stroma.  To  this  form  the 
name  Alveolar  sarcoma  is  applicable.  Sarcomas  originating  from 
moles  are  peculiarly  apt  to  be  pigmented. 

Sarcomas  rarely  occur  as  secondary  tumours  in  the  skin,  but  a 
case  is  known  to  the  author  where  multiple  tumours  composed  of 
round-celled  tissue  formed  at  intervals  in  the  subcutaneous  tissue, 
and  some  of  them  disappeared.  These  were  either  round-celled  sar- 
comas or  malignant  lymphomas. 

13.  Cancers. — The  Epithelioma  of  the  skin  forms  the  majority  of 
the  flat-celled  epitheliomas,  and  it  has  been  already  considered  at 
pp.  3034. 

3  z 


1090 


THE  SKIN  AND  APPENDAGES. 


The  two  most  interesting  forms  are  the  ordinary  flat-celled  epithe- 
lioma and  the  rodent  ulcer.  The  former  is  met  with  most  frequently 
in  the  lower  lip,  but  also  occurs  not  uncommonly  in  the  penis  and 
scrotum.  In  the  last-mentioned  seat  it  appears  to  occur  with  special 
frequency  in  chimney-sweepers  and  in  workers  in  paraffin-refineries. 
The  rodent  ulcer  occurs  in  the  face,  especially  on  the  eyelids  and 
side  of  nose  (see  p.  304  and  Fig.  136). 

The  flat-celled  epithelioma  not  infrequently  occurs  in  scars  or  in 
old  ulcers.  In  the  latter  case  it  may  penetrate  into  the  sinuses, 
and  even  reach  cavities  in  bones  (see  p.  575). 

Ordinary  cancer  is  of  rare  occurrence  in  the  skin,  but  cases  have 
been  observed  to  which  the  names  scirrhus  and  soft  cancer  have  been 
given.  It  may  develop  in  a  lupus.  Pigmented  cancers  are  of 
occasional  occurrence,  and  they  are  of  importance  on  account  of 
their  tendency  to  form  secondary  tumours,  first  in  the  lymphatic 
glands  and  then  throughout  the  body.  They  are,  however,  much 
less  frequent  than  melanotic  sarcomas,  with  which  they  are  apt  to 
be  confused. 

Literature. — Ichthyosis — Jahn,  Ichthyosis  congenita,  18(59;  Kyber,  Wien.  med. 
Jahrb.,  1880;  Hilton  Fagge,  Guy's  Hosp.  Rep.,  xv.,  1869;  Esoff,  Virch.  Arch., 
Ixix.,  1877.  Keloid — Alibert,  Malad.  de  la  peau,  1814;  Virchow,  Geschwiilste, 
ii.;  Neelsen,  Langenbeck's  Arch.,  xxiv. ;  Langhans,  Virch.  Arch.,  xl.,  1866. 
Mollu8Cum  contagioswm — Virchow,  Virch.  Arch.,  xxxiii.,  1865  ;  Thin,  Jour,  of 
Anat.  and  Phys.,  xvi.,  1881.  Myoma — Judassohn,  Virch.  Arch.,  cxxi.,  1890. 
Xeroderma  pigmentosum — Kaposi,  Wien.  med.  Jahrb.,  1882;  Taylor,  Med.  Record, 
1888  ;  M'Call  Anderson,  Dis.  of  skin,  1894.  Seaman's  skin — Unna,  in  Orth's 
Lehrb.,  1894. 

VII.  — PARASITIC  DISEASES  OF  THE  SKIN. 

We  have  already  seen  that  certain  forms  of  inflammation  are  asso- 
ciated with  the  presence  of  microbes,  especially  the  infective  inflam- 
mations. We  saw  also  that  leprosy  depends  on  a  specific  bacillus. 
These  do  not  require  further  treatment  here. 

Fungi  are  present  in  three  principal  forms  in  the  skin. 

1.  Tinea  favosa  or  Favus. — This  is  a  disease  chiefly  of  the  hairy 
scalp,  although  it  occurs  on  other  parts  of  the  skin  and  also  in  the 
nails.  On  the  scalp  it  forms  crusts  about  the  size  of  split  peas, 
which,  Avhen  removed,  are  usually  seen  to  be  somewhat  cup-shaped, 
the  convexity  of  the  cup  being  next  the  skin,  the  latter  presenting 
a  corresponding  depression.  If  the  cups,  which  have  a  characteristic 
saffron-yellow  colour,  be  divided  with  a  knife  they  are  seen  to  have 
a  porous  appearance,  the  interstices  being  filled  with  air,  and  they 
are  brittle,  so  that  they  can  easily  be  broken  down  in  water. 


PARASITIC  DISEASES  OF  THE  SKIN. 


1091 


The  crusts  are  formed  of  fungus  along  with  epidermic  scales  and 
their  debris.  The  fungus  is  the  Achorion  Schoenleinii,  in  the  form 
for  the  most  part  of  short  tubes  (Fig.  502)  with  rows  of  conidia 
spores.  The  proper  mycelium  is  not  jointed,  but  the  receptacula 
are.  The  fungus  appears  to  begin  its  growth  in  the  hair  follicles, 
enveloping  the  hair  and  passing 
into  it.  It  also  passes  into  the 
hair  sheath  and  epidermis 
around,  separating  the  cells  and 
destroying  them.  It  has  its 
seat  thus  in  the  first  instance 
beneath  the  horny  layer  which 
may  be  continuous  over  it.  It 
does  not  invade  the  true  skin, 
but  the  crust  may  cause  in- 
flammation around  which  may 
go  onto  suppuration  and  ulcer-  shown  x  m 
ation.    As  a  rule,  however,  it 

only  affects  the  epidermic  structures,  the  hairs  being  largely  destroyed 
where  the  crusts  are  developed. 

When  it  attacks  the  nail,  it  forms  a  yellow  crust,  the  tissue  of 
the  nail  being  opened  out  and  softened  by  the  fungus  penetrating 
between  the  horny  cells. 

2.  Tinea  tonsurans  or  Ringworm. — This  is  also  a  disease  chiefly 
of  the  scalp,  but  the  same  fungus  attacks  the  beard  and  the  parts 
of  the  body  devoid  of  hair.  The  disease  is  therefore  divisible  into 
three  forms,  Tinea  tonsurans  proper,  Tinea  sycosis,  and  Tinea 
marginata. 

The  fungus,  called  the  Trichophyton  tonsurans,  is  chiefly  in  the 
form  of  spores  which  infiltrate  the  hair  and  its  sheath,  as  well  as, 
to  a  less  extent,  the  epidermis  around.  The  mycelium  is  only  re- 
presented by  short  threads.  The  hair  shaft  is  greatly  penetrated  by 
the  spores,  which  break  it  up. 

3.  Pityriasis  versicolor.— In  this  disease  there  are  patches  of  a 
yellowish  or  dark  brown  colour  with  a  scaly  surface,  and  occurring 
chiefly  on  the  trunk  in  adults.  If  the  surface  be  scraped  and  the 
scaly  products  examined  under  the  microscope  (best  with  the  addi- 
tion of  liquor  potassse,  both  in  this  case  and  the  others),  there  will 
be  found  epidermic  cells  with  the  elements  of  a  fungus,  the  Micro- 
sporon  furfur.  There  are  usually  abundant  mycelium  threads,  and 
the  spores  are  in  rounded  masses,  which  have  been  compared  to 
bunches  of  grapes  (see  Fig.  503). 


Fig.  502.— The  fungus  in  favus.    Short  threads  are 
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Of  the  lesions  due  to  Animal  parasites  the  most  important  is 

scabies. 

Scabies. — This  disease  is  characterized  by  the  formation  of  papules, 
vesicles,  pustules,  and  other  signs  of  inflammation  due  to  the  effects 

of  the  Acarus  scabiei  or  Sarcoptes 
hominis  (see  p.  399).  The  female 
of  this  insect  penetrates  into  the 
substance  of  the  epidermis,  forming 
tunnels  there  in  which  the  ova  are 
deposited. 

The  inflammatory  conditions  are 
the  result  partly  of  the  irritation  of 
the  acarus  and  its  embryoes,  which, 
as  they  develop  from  the  ova,  begin 
to  travel  along  the  tunnels,  and  partly 
the  effect  of  the  scratching  induced 
by  the  itching.  The  primary  lesion  is  a  papule  running  into  which  a 
minute  furrow  is  visible  to  the  naked  eye.  The  papule  is  produced  by 
the  opening  up  of  the  epidermis  and  swelling  of  the  papillary  layer, 
which  is  infiltrated  with  serous  fluid  and  round  cells.  Vesicles  and 
pustules  are  produced  when  the  inflammation  is  more  severe,  and  are 
met  with  chiefly  in  children  and  persons  with  delicate  skins. 

The  Acarus  folliculorum  is  a  parasite  sometimes  met  with  in  the 
sebaceous  follicles  (p.  399). 

The  Parasitic  Insects  are  referred  to  at  p.  400. 
The  Larvae  of  insects  are  occasionally  met  with  in  the  skin.  The 
ova  are  deposited  in  the  skin,  and  the  larvae,  having  developed, 
may  traverse  the  skin  and  subcutaneous  tissue  for  a  considerable 
distance  till  they  present  at  some  part  and  are  squeezed  out  or 
extracted.  They  may  produce  considerable  inflammations  in  the 
form  of  boils  or  swellings. 

According  to  M.  Sabouraud,  who  has  succeeded  in  producing  cul- 
tures of  the  fungi,  there  are  two  principal  forms  of  the  trichophyton, 
one  with  small  spores  (trichophyton  microsporon)  and  one  with  large 
spores  (trichophyton  megalosporon).  The  former  is  chiefly  that  of 
children  and  its  special  seat  of  growth  is  the  substance  of  the  hair, 
while  the  latter  is  chiefly  that  of  the  beard  and  smooth  parts  of 
the  skin.  The  cultures  were  most  successful  on  jellies  consisting  of 
gelatine  1*5,  peptone  0*8,  maltose  3-7,  and  water  100.  (See  Brit. 
Med.  Jour.,  1893,  ii.,  470 ;  and  Sabouraud,  Les  trichophytes 
humaines,  1894  ;  also  Eosenbach,  Ueb.  die  tief.  eiternd.  Schimmelerk. 
d.  Haut,  1894.) 
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SECTION  XL 
DISEASES  OF  THE  EYE  AND  EAR. 

A.  — The  Eye.     I.  The  Conjunctiva,  chiefly  Inflammations,  catarrhal,  purulent, 

and  infective  (granular  conjunctivitis).  II.  The  Cornea.  1.  Retrograde 
changes  (arcus  senilis,  conical  cornea)  ;  2.  Inflammations,  sometimes  with 
vascularization  of  cornea,  Pannus ;  may  lead  to  Ulcers  and  Staphyloma. 
III.  The  Sclerotic.  IV.  The  Iris.  Various  forms  of  Inflammation,  serous, 
fibrinous,  purulent.  Syphilis  and  Tuberculosis.  V.  The  Ciliary  body  and 
choroid.  Inflammations.  VI.  Glaucoma.  VII.  The  Lens.  Forms  of  cataract. 
VIII.  The  Optic  nerve  and  Retina.  1.  Optic  neuritis  and  choked  disc;  atrophy 
of  optic  nerve.  2.  Retinitis,  albuminuric  and  pigmentary  ;  3.  Embolism  of 
retinal  artery  ;  4.  Detachment  of  retina.    IX.  Affections  of  eye  as  a  whole. 

I.  Sympathetic  ophthalmitis;  2.  Errors  of  accommodation;  3.  Tumours, 
chiefly  sarcoma  and  glioma  ;  4.  Parasites. 

B.  — The  Ear.    I.  External  Ear.    1.  The  auricle,  chiefly  hematoma  ;  2.  External 

auditory  canal  ;  inflammations  and  foreign  bodies  ;  3.  Tympanic  membrane. 

II.  Middle  Ear.  Structure.  1.  Inflammations;  chronic,  leading  to  adhesions 
and  sclerosis  ;  acute  suppurative,  causing  perforation  of  the  membrane  ;  and 
chronic  suppurative,  leading  to  polypi,  caries  and  necrosis,  suppurations  in 
brain,  membranes,  etc. ;  2.  Syphilis  and  tuberculosis ;  3.  Sebaceous  tumours. 

III.  Internal  ear,  subject  to  inflammations,  etc.,  chiefly  by  extension  from 
middle  ear  or  brain.    Meniere's  disease  and  deaf-mutism. 

A. — THE  EYE. 

fTlHE  eye,  with  its  appendages,  composed  of  a  number  of  separate 
•  tissues  delicately  adjusted  to  the  requirements  of  vision,  is  liable 
to  the  usual  pathological  changes.  From  the  facility  with  which  it 
is  observed,  slight  differences  in  the  appearances  produced  are  readily 
appreciated,  and  hence  a  considerable  degree  of  complication  exists 
in  the  nomenclature  of  affections  of* the  eye. 

I.  Affections  of  the  conjunctiva. — The  conjunctiva  is  liable  to  the 
various  lesions  of  mucous  membranes,  the  chief  being  inflammation. 

1.  Conjunctivitis.— The  irritant  exciting  inflammation  of  the  con- 
junctiva may  be  a  very  simple  one,  such  as  dust  or  cold,  and  in 
such  cases  the  inflammation  is  usually  slight  and  evanescent,  being 
characterized  by  little  more  than  Hyperemia,  with  more  or  less 
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■serous  exudation.  In  most  cases  of  more  severe  conjunctivitis,  the 
irritant  is  a  morbid  poison,  and  the  disease  is  contracted  by  con- 
tagion . 

(a)  In  ordinary  Catarrhal  conjunctivitis,  the  exact  nature  of  the 
irritant  is  not  determined,  but  most  if  not  all  cases  are  contagious. 
The  disease  is  characterized  by  hyperemia  eventuating  in  a  mucous 
or  muco-purulent  exudation. 

(/>)  Purulent  conjunctivitis  (Purulent  ophthalmia)  is  due  to  a  pyo- 
genic microbe.  This  is,  in  a  large  proportion  of  cases,  the  gonococcus, 
so  that  the  term  G-onorrhoeal  ophthalmia  is  nearly  equivalent  to 
purulent  conjunctivitis  in  the  adult.  A  purulent  conjunctivitis 
occurring  in  new-born  children,  and  hence  called  Ophthalmia  neona- 
torum, is  generally  due  to  infection  from  the  maternal  parts  during 
parturition.  In  this  form  microbes  have  been  observed,  in  most 
cases  the  gonococcus,  but  there  is  still  some  doubt  whether  this  be 
so  in  all  cases. 

The  pyogenic  virus  in  purulent  conjunctivitis  induces  a  violent 
inflammation  rapidly  passing  on  to  suppuration,  and,  if  neglected, 
sometimes  leading  to  necrosis  and  ulceration  of  the  cornea. 

(c)  Granular  conjunctivitis  or  Trachoma  is  a  more  chronic  inflam- 
mation of  the  conjunctiva  which  is  also  due  to  a  specific  virus, 
which  Sattler  asserts  to  be  a  micrococcus,  but  this  is  not  absolutely 
determined.  The  disease  is  contagious,  occurring  sometimes  in  schools 
and  in  armies.  Egyptian  ophthalmia  was  a  form  observed  in  the 
French  army  in  Egypt,  and  introduced  by  it  into  France  and  thence 
into  this  country.  While  due  to  a  special  virus,  the  disease  occurs 
chiefly  in  unhealthy  persons,  and  is  hence  most  prevalent  amongst 
the  poor. 

The  lesion  is  in  some  respects  like  that  in  the  specific  new-formations, 
such  as  tubercle  or  frambcesia.  There  is  a  localized  formation  of 
round-celled  tissue  in  a  delicate  reticulated  meshwork,  so  that  it 
resembles  lymphatic-gland  tissue.  These  new-formations  are  usually 
defined  and  appear  as  if  surrounded  by  a  distinct  capsule,  in  this 
respect  also  resembling  lymphoid  follicles.  There  seems  little  tend- 
ency towards  further  development  of  this  tissue,  but  the  follicles 
frequently  burst  and  discharge  *on  the  surface.  These  lesions  are 
accompanied  by  catarrh,  and  by  their  mere  presence,  especially 
when  on  the  conjunctiva  of  the  upper  lids,  they  often  produce 
considerable  irritation  of  the  cornea  which  also  becomes  infected 
by  the  disease.  In  the  more  chronic  forms  the  conjunctiva  may 
be  indurated  by  cicatricial  new-formation,  and  this  is  accompanied 
by  atrophy  of  the  lymphoid  masses.    A  somewhat  frequent  result 
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of  granular  conjunctivitis  is  the  vascularization  of  the  cornea,  to 
which  the  name  Pannus  is  applied.  Localized  amyloid  degeneration 
sometimes  occurs  in  the  new-formed  follicles  in  trachoma,  this  fact 
also  tending  to  associate  the  affection  with  the  specific  new-formations. 
The  amyloid  condition  is  found  in  the  cells  and  fibres,  but  not  in 
the  vessels  (Leber). 

(d)  Diphtheritic  conjunctivitis  is  a  rare  condition  occurring  along 
with  diphtheria  in  the  throat.  There  is  necrosis,  ulceration,  and 
violent  inflammation. 

2.  Tuberculosis  is  of  rare  occurrence  in  the  conjunctiva,  but 
tuberculous  persons  seem  liable  to  a  subacute  conjunctivitis  which 
is  often  called  scrofulous. 

II.  Affections  of  the  cornea. — The  corneal  epithelium  is  usually 
affected  in  the  various  inflammations  of  the  conjunctiva,  being  exposed 
to  the  same  irritations.  Its  peculiar  structure,  and  especially  the 
absence  of  vessels,  render  it  somewhat  liable  to  necrosis  and  ulceration. 

1.  Retrograde  changes  in  the  cornea. — A  very  common  lesion  is 
Arcus  senilis,  which  sometimes  comes  on  in  middle  life  rather  than 
in  old  age.  It  consists  in  a  fatty  degeneration  of  the  cells  and  fibres 
of  the  cornea  along  a  defined  line  near  the  periphery  of  the  cornea, 
but  still  separated  from  the  edge  by  a  line  of  unaffected  tissue. 

The  term  Conical  cornea  or  Keratoconus  is  applied  to  a  condition 
in  which,  on  account  of  weakness  in  the  central  parts  of  the  cornea, 
the  pressure  from  within  the  bulb  of  the  eye  forces  out  this  part 
and  so  renders  the  cornea  conical.  The  central  part  being  furthest 
removed  from  the  source  of  nutrition  most  readily  suffers  when  the 
general  condition  of  the  body  is  reduced,  and  so  yields. 

2.  Inflammations  of  the  cornea. — The  cornea,  although  non- 
vascular, is  subject  to  inflammations  even  of  an  acute  suppurative 
character.  The  inflammatory  exudation  passes  into  the  canals  and 
spaces  with  which  the  cornea  abounds,  and  by  its  presence  produces 
a  clouded  or  opaque  condition. 

The  cornea  takes  part  in  the  acute  inflammations  of  the  conjunctiva, 
being  liable  to  suppuration,  softening,  and  sloughing.  In  addition, 
chronic  inflammations  begin  external  to,  or  arise  in  the  cornea  itself, 
some  of  them  being  due  to  direct  irritation,  and  some  to  the  presence 
of  ulcers. 

Vascularization  of  the  cornea  is  a  frequent  result  of  chronic 
inflammation.  It  frequently  occurs  in  the  upper  part  in  cases  of 
granular  conjunctivitis,  in  which  case  it  is  ascribed  to  the  irritation 
of  the  rough  conjunctiva  rubbing  against  the  cornea.  The  superficial 
layers  of  the  cornea  become  the  seat  of  new-formation  of  blood- 
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vessels,  which  frequently  cover  the  whole  surface.  This  condition 
is  called  Pannus,  and  it  is  generally  recovered  from  when  the 
primary  affection  is  removed. 

A  more  profound  vascularization  occurs  in  some  cases  in  the  form 
of  localized  crescentic  areas  at  the  upper  and  lower  borders  of  the 
cornea.  This  form  has  been  ascribed  to  nervous  lesions.  Vascu- 
larization also  not  infrequently  attends  ulcer  of  the  cornea,  a 
fasciculus  of  vessels  running  in  from  the  border  to  the  ulcer. 

Interstitial  keratitis  is  a  name  given  to  cases  in  which  the  cornea 
assumes  an  opaque  appearance.  It  is  met  with  chiefly,  as  Hutchin- 
son pointed  out,  amongst  persons  the  subject  of  Hereditary  syphilis, 
in  whom  it  is  associated  with  a  special  condition  of  the  teeth  (see 
p.  822).  The  cornea  has  in  the  milder  cases  an  appearance  com- 
pared to  that  of  ground  glass.  The  actual  histological  condition  of 
the  tissue  is  various.  There  may  be  simply  an  infiltration  of  in- 
flammatory products,  or  there  may  be  more  profound  changes  in  the 
tissue,  sometimes  even  a  kind  of  cicatricial  condition. 

Herpes  sometimes  attacks  the  cornea  along  with  the  skin  in  the 
course  of  one  of  the  branches  of  the  fifth  nerve  (Zona  ophthalmica). 
The  eruption  may  lead  to  an  ulcer  or  even  perforation  of  the 
cornea. 

Paralysis  of  the  fifth  nerve  also  leads  to  inflammation  and  ulcera- 
tion of  the  cornea  (Neuropathic  ophthalmia).  The  cornea  becomes 
cloudy  and  opaque,  and  ulcers  form  which  may  perforate.  These 
results  have  been  variously  ascribed,  on  the  one  hand  to  the  anaes- 
thesia, which  admits  of  injuries  to  the  eye  and  exposes  it  to  the 
presence  of  foreign  bodies  without  their  being  felt,  and,  on  the 
other,  to  a  special  affection  of  the  trophic  nerves  (see  p.  131). 

Another  form  of  Keratitis  is  that  which  occurs  when,  in  con- 
sequence of  great  weakness  in  the  patient,  the  eyelids  are  not  closed, 
and  the  lower  part  of  the  cornea  undergoes  dessication  (Keratitis  e 
lag  ophthalmia).    There  may  be  ulceration  in  consequence. 

Ulcers  of  the  cornea  arise,  as  indicated  in  the  remarks  made 
above,  under  a  large  number  of  different  circumstances.  Ulcers 
heal  by  the  new-formation  of  connective  tissue,  which  fills  the  gap. 
As  this  has  not  the  structure  of  the  corneal  tissue  it  is  more  or 
less  opaque,  and  appears  in  the  clear  cornea  as  a  white  area.  These 
areas,  being  weak,  are  liable,  if  large  and  central,  to  yield  before 
the  pressure  within  and  form  a  bulging  outwards,  a  condition  named 
Staphyloma  of  the  cornea.  The  iris  is  frequently  adherent  to  the 
cicatrix  and  is  often  protruded  in  a  staphyloma. 

III.  Affections  of  the  sclerotic. — The  sclerotic  is  a  dense  con- 
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nective-tissue  membrane,  which,  on  account  of  the  paucity  of  vessels 
and  nerves,  and  from  its  well-protected  position,  is  little  liable  to 
primary  disease.  Inflammation  extends  from  the  conjunctiva  without, 
but  more  frequently  from  the  choroid  within,  and  may  cause  soften- 
ing so  as  to  produce  a  staphyloma  of  the  sclerotic. 

IV.  Affections  of  the  iris. — The  iris  is  a  very  vascular  body  which 
lies  in  a  closed  cavity  occupied  by  the  aqueous  humour.  The  cavity 
is  lined  by  a  serous  membrane,  and  the  diseases  are  like  those  of 
serous  cavities. 

Inflammation  occurs  in  the  iris  as  a  result  of  traumatic,  rheumatic, 
or  still  more  frequently  of  syphilitic  irritation.  The  inflammation 
is  usually  acute,  but  its  severity  varies.  Different  forms  have  been 
described  according  as  the  exudation  is  serous,  fibrinous,  or  purulent. 
Descemet's  membrane,  which  covers  the  posterior  surface  of  the  cornea, 
takes  part  in  the  inflammation.  Serous  iritis  is  the  mildest  form, 
and  leads  to  distension  of  the  anterior  chamber  by  the  accumulated 
fluid.  This  fluid  contains  leucocytes,  which  occasionally  render  it 
somewhat  turbid.  Fibrinous  iritis  (also  called  Plastic  iritis)  is  more 
severe  and  is  accompanied  by  a  fibrinous  exudation,  which  appears 
most  commonly  at  the  edge  of  the  pupil,  but  also  presents  itself  on 
the  posterior  surface,  and  sometimes  on  the  anterior.  The  exuda- 
tion fixes  the  iris  by  forming  a  membrane  in  the  pupil,  or  more 
commonly  by  gluing  it  to  the  lens.  This  adhesion  to  the  lens 
(called  Synechia)  is  a  serious  part  of  the  lesion,  as  it  is  apt  to  become 
permanent.  As  the  inflammation  progresses  the  fibrinous  exudation 
becomes  replaced  by  the  formative  cells  of  granulation  tissue,  and 
new-formed  blood-vessels  pass  into  it.  The  regular  development  into 
spindle-celled  tissue  and  connective  tissue  occurs,  and,  just  as  in  the 
case  of  the  pleura,  permanent  adhesions  are  the  consequence.  Some- 
times the  new-formed  membrane  fills  the  pupil  and  obscures  the 
vision.  The  iris  itself  is  the  seat  of  new-formation  of  connective 
tissue,  which  may  cause  considerable  atrophy  of  its  proper  tissue. 
On  the  other  hand,  hypertrophy  of  the  iris  sometimes  results. 
Purulent  iritis  is  more  severe.  It  causes  an  opening  out  and  soft- 
ening of  the  tissue  of  the  iris,  while  the  anterior  chamber  is  filled 
with  pus. 

Inflammations  of  the  iris  are  liable  to  extend  to  the  ciliary  body 
and  choroid  (Irido-choroiditis). 

Syphilis  has  already  been  mentioned  as  a  cause  of  iritis.  It  is  so 
in  the  secondary  stage,  producing  an  acute  inflammation  usually  of 
the  fibrinous  kind.  A  formation  of  gummata  is  an  exceedingly  rare 
occurrence. 
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Tuberculosis  of  the  iris  is  also  rare,  but  the  condition  called  Granu- 
loma is  really  a  tuberculosis.  There  is  inflammation  with  develop- 
ment of  tubercles  and  destruction  of  the  eyeball. 

V.  Affections  of  the  ciliary  body  and  choroid.  Cyclitis.  Chor- 
oiditis.— The  ciliary  body  is  highly  vascular,  and  is  engaged  in  the 
secretion  of  the  humours  of  the  eye.  Being  very  active  it  is 
peculiarly  liable  to  acute  inflammations,  more  especially  as  it  is 
related  anatomically  both  to  iris  and  choroid,  and  is  apt  to  partake 
in  the  inflammations  of  either. 

The  choroid  is  also  a  vascular  structure,  containing  a  layer  of 
pigment  cells  on  its  inner  or  retinal  surface.  Inflammation  of  it  is 
not  usually  acute,  except  in  sympathetic  ophthalmia  (see  further 
on),  and,  when  chronic,  it  causes  disturbances  of  the  pigment,  which 
produce  alterations  in  the  ophthalmoscopic  appearances.  Sometimes 
a  formation  of  true  bone  occurs  in  the  choroid  in  chronic  inflam- 
mation, and  such  an  ossification  seems  a  usual  occurrence  when  the 
eye  has  undergone  atrophy  from  injury. 

VI.  Glaucoma. — This  is  an  important  disease  in  which  the  ciliary 
body  and  iris  seem  specially  concerned.  It  consists  in  an  increase 
of  the  pressure  of  the  fluids  inside  the  eyeball,  with  consequent 
injury  to  the  structures  of  the  eye. 

The  secretion  and  absorption  of  the  intraocular  fluids  have  been 
made  the  subject  of  much  study  and  experiment.  As  the  with- 
drawal of  the  aqueous  humour  is  quickly  followed  by  its  replacement, 
there  seems  no  doubt  that  an  active  secretion  goes  on  in  the  eye. 
It  is  generally  agreed  that  the  ciliary  body  is  the  chief  agent  in 
supplying  both  the  vitreous  and  aqueous  humours,  the  latter  passing 
through  the  pupil  to  the  anterior  chamber.  The  principal  absorp- 
tion of  fluid  is  probably  at  the  periphery  of  the  anterior  chamber, 
at  the  angle  formed  by  the  iris  behind  and  the  cornea  and  anterior 
part  of  the  sclerotic  in  front.  This  space  is  called  variously  the 
sinus  of  the  anterior  chamber  and  the  filtration  angle.  This  sinus 
is  in  communication  by  means  of  spaces  in  the  ligamentum  pec- 
tinatum  with  Schlemm's  canal,  which  is  a  channel  running  round 
the  eye  near  the  boundary  between  the  sclerotic  and  the  cornea. 
This  canal  again  communicates  with  the  veins  of  the  anterior  part 
of  the  sclerotic.  The  retention  of  this  filtration  angle  or  sinus  is 
thus  necessary  to  the  absorption  of  the  aqueous  humour.  Increase 
of  the  intraocular  pressure  may  be  produced  by  excessive  secretion 
of  fluid,  or  by  defective  absorption,  but  it  is  mainly  by  the  latter 
that  it  is  brought  about. 

Glaucoma  results  chiefly  from  interference  with  the  sinus  men- 
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tioned  above.  Such  interference  takes  place  when,  by  reason  of 
enlargement  of  the  ciliary  body,  the  base  of  the  iris  is  pushed  for- 
ward and  so  fills  up  this  angle.  In  most  cases  the  iris  is  pushed 
forward  so  as  to  be  in  contact  with  the  cornea,  and  in  many  it  is 
actually  adherent  so  as  to  abolish  the  sinus.  The  cause  of  this  dis- 
placement has  been  variously  stated,  and  is  not  well  understood. 
According  to  Priestley  Smith  there  is  usually,  as  a  predisposing 
cause,  smallness  of  the  globe,  and  a  consequent  forward  displacement 
of  the  lens  carrying  the  iris  with  it.  The  sinus  being  already  cur- 
tailed, an  inflammation  or  merely  a  congestion  of  the  ciliary  body 
may  push  forward  the  iris  so  as  to  close  the  angle.  Besides  these 
cases  of  more  obscure  origin,  which  are  included  under  the  desig- 
nation of  Primary  glaucoma,  the  intraocular  pressure  is  increased  in 
some  other  diseases,  of  which  the  chief  are  tumours.  These  may 
act  directly  by  increasing  the  contents  of  the  globe,  but  they  are 
also  found  to  produce  the  glaucoma  by  pressure  on  the  sinus. 

The  effects  of  the  increased  pressure  are  seen  chiefly  in  the  retina 
and  optic  nerve.  The  optic  nerve  entrance  is  less  resistant  than  the 
sclerotic,  being  formed  by  the  lamina  cribrosa,  which  gives  passage 
to  the  fibres  of  the  nerve.  This  structure  yields,  and  is  hollowed 
out  so  that  a  depression  is  produced  in  the  fundus  of  the  eye. 
Atrophy  of  the  nerve  fibres  is  a  necessary  consequence  with  ad- 
vancing blindness.  The  cornea  is  also  rendered  dull  and  obscure 
and  non-sensitive. 

VII.  Affections  of  the  lens. — The  only  affection  of  the  lens  requiring 
special  notice  is  Cataract.  This  consists  in  an  opacity  of  the  lens 
or  its  capsule,  such  as  to  interfere  with  vision.  It  sometimes  occurs 
as  a  congenital  affection,  the  lens  being  imperfectly  formed.  It  is 
most  frequently  a  senile  change,  but  it  also  occurs  as  a  result  of 
injury  and  is  an  occasional  consequence  of  diabetes. 

At  birth  the  lens  is  soft  throughout,  but  as  years  go  on  the  centre 
becomes  dense,  so  as  to  form  a  hard  nucleus  while  the  periphery 
remains  soft.  The  hard  nucleus  is  not  liable  to  change,  but  the  soft 
cortex  may  undergo  alterations.  These  consist  in  a  formation  of 
fat  amongst  the  fibres  which  constitute  the  lens,  and  the  loosening 
and  separation  of  these  fibres.  The  process  goes  on  till  sometimes 
the  affected  part  of  the  lens  consists  of  a  detritus  in  which  are  fat, 
cholestearine,  and  remains  of  fibres.  The  dense  nucleus  may  sink 
down  in  this  softened  substance.  In  senile  cataract  there  is  always 
the  dense  nucleus,  which  may  be  of  considerable  bulk. 

In  Capsular  cataract  the  epithelial  cells,  which  line  the  capsule, 
undergo  changes,  which  may  be  spontaneous  or  the  result  of  inflamma- 
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tion.  They  multiply  and  cause  opacity  by  their  abundance  and  by 
retrograde  changes  to  which  they  are  liable. 

VIII.  Affections  of  the  optic  nerve  and  retina. — These  parts  form 
really  a  prolongation  outwards  of  the  cerebrum,  and  are  surrounded 
by  processes  from  the  membranes  of  the  brain.  The  dura  mater  forms 
a  sheath  around  the  nerve  as  it  passes  to  the  eyeball.  This  sheath  is 
composed  of  dense  connective  tissue,  and  is  continuous  with  the 
sclerotic,  which  is  composed  of  similar  tissue.  Within  this  sheath 
the  arachnoid  is  continued  as  a  loose  covering  as  far  as  the  eyeball, 
where  also  it  becomes  continuous  with  the  sclerotic.  The  pia  mater 
closely  invests  the  nerve  and  sends  processes  amongst  its  fibres. 
Between  the  external  sheath  or  dura  mater  and  the  optic  nerve 
there  are  lymphatic  spaces  continuous  with  those  of  the  soft  mem- 
branes. The  nerve  itself  is  composed  of  medullated  nerve  fibres 
running  in  bundles  and  enclosed  in  connective  tissue.  On  reaching 
the  eyeball  the  nerve  bundles  pierce  the  sclerotic,  which  here  forms 
a  perforated  membrane  (Lamina  cribrosa).  At  the  same  time  they 
lose  their  medullary  sheath  and  are  distributed  as  non-medullated 
fibres  inside  the  globe.  From  the  optic  nerve  entrance,  which  forms 
a  round  disc,  the  fibres  radiate  outwards  around  the  eyeball  where 
they  are  in  contact  with  the  vitreous.  They  are  very  transparent, 
as  the  rays  of  light  require  to  penetrate  them  in  order  to  reach  the 
rods  and  cones  which  are  on  their  outer  surface.  The  nerve  fibres, 
with  the  rods  ancl  cones  and  the  granular  layers,  constitute  the 
retina. 

1.  (Edema  and  Inflammation  of  the  optic  nerve  (Optic  neuritis, 
Choked  disc). — A  series  of  lesions  is  included  here,  concerning  whose 
pathology  some  questions  still  remain  unanswered.  Affections  of  the 
optic  nerve  are  frequent  in  consequence  of  tumours  of  the  brain,  and 
these  have  partly  the  characters  of  a  simple  oedema  and  partly  those 
of  inflammation.  Tumours  of  the  brain  produce  these  changes  what- 
ever may  be  their  seat.  Inflammations  of  the  membranes  affect  the 
optic  nerve  less  frequently.  There  are  also  inflammations  of  the 
nerve  of  obscure  origin. 

Tumours  of  the  brain,  and  other  lesions  which  lead  to  increased 
intracranial  pressure,  produce  oedema  of  the  sheath  of  the  nerve  with 
interstitial  inflammation.  The  oedema  of  the  sheath  is  accompanied 
by  swelling  of  the  intraocular  termination  of  the  nerve  from  venous 
hyperaemia  and  oedema.  It  is  this  oedema  and  engorgement  which 
is  called  Choked  disc.  It  is  difficult  to  explain  why  tumours  of  the 
brain  should  produce  this  effect,  but  it  seems  likely  that  by  increasing 
the  intracranial  pressure  they  obstruct  the  passage  of  the  lymphatic 
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fluid  in  the  spaces  around  the  nerve.  The  retained  fluid  is  perhaps 
specially  irritating,  and  induces  a  chronic  interstitial  inflammation. 

AVhether  originating  in  tumour  of  the  brain  or  not,  an  interstitial 
inflammation  of  the  optic  nerve  leads  to  sclerosis  with  atrophy  of 
the  proper  nervous  elements. 

Atrophy  of  the  optic  nerve  arises  in  the  manner  just  mentioned. 
It  may  arise  also  in  locomotor  ataxia,  by  a  similar  process  to  that 
occurring  in  the  cord  in  that  disease,  namely,  a  sclerosis  characterized 
by  increase  of  the  connective  tissue  and  atrophy  of  the  nerve  fibres. 
These  changes  are  seen  by  the  aid  of  the  ophthalmoscope  chiefly  as 
an  abnormal  whiteness  of  the  optic  disc. 

2.  Inflammation  of  the  retina  (Retinitis). — This  affection  occurs  in 
various  forms,  the  most  familiar  of  which  is  Albuminuric  retinitis. 
This  affection  consists  of  a  chronic  inflammation,  apparently  commenc- 
ing in  the  arteries  and  accompanied  by  haemorrhages  and  degener- 
ations of  the  retinal  and  choroid  tissue.  The  affection  of  the  arteries 
consists  in  an  inflammatory  thickening  or  sclerosis  of  their  wall,  with 
diminution  in  their  calibre.  The  haemorrhages  are  mostly  in  the 
superficial  fibrous  layer  of  the  retina.  Pale  white  spots  and  streaks 
in  the  region  of  the  macula  are  very  characteristic  of  the  condition, 
and  these  arise  chiefly  by  fatty  degeneration.  The  haemorrhagic 
spots  may  become  white,  but  many  spots  are  white  from  the  first 
and  not  hemorrhagic. 

The  affection  of  the  retina  occurs  in  cases  of  chronic  Bright's 
disease.  Diabetes,  lead  poisoning,  etc.,  sometimes  induce  a  retinitis 
essentially  similar  to  the  albuminuric  form.  It  would  seem  that  a 
grave  alteration  of  the  blood  is  the  cause  of  the  affection  of  the 
retina. 

Pigmentary  retinitis  (Retinitis  'pigmentosa)  is  a  form  in  which  the 
choroid  is  involved  along  with  the  retina.  It  is  a  chronic  inflam- 
mation or  sclerosis,  and  the  pigment  cells  seem  to  undergo  local 
enlargement  and  increase  so  as  to  project  into  the  retina  and  form 
dark  patches.    These  patches  follow  the  lines  of  the  vessels. 

3.  Embolism  of  the  retinal  artery. — The  central  artery  of  the 
retina  enters  the  eyeball  in  the  middle  of  the  optic  nerve  and  then 
divides  into  branches  which  radiate  from  this  centre.  The  artery 
is  a  branch  of  the  anterior  cerebral,  and  it  and  its  branches  are 
end-arteries.  Embolism  is  met  with  in  cases  of  valvular  disease  of 
the  heart.  There  is  sudden  blindness,  which  is  usually  permanent 
at  least  to  the  extent  of  the  portion  of  the  retina  corresponding 
with  the  distribution  of  the  occluded  artery.  The  retina  in  the 
area  affected  undergoes  necrosis  and  softening,  this  process  being 
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sometimes  accompanied  by  haemorrhage  (see  p.  114).  Ultimately 
the  optic  nerve  becomes  atrophied. 

Thrombosis  of  the  retinal  artery  or  vein  is  also  known  to  occur. 

4.  Detachment  of  the  retina. — In  this  condition  the  retina  is 
separated  from  the  choroid  over  a  larger  or  smaller  area,  and  the 
separation  is  usually  permanent.  It  may  be  caused  by  shrinking  of 
the  vitreous  and  by  effusion  of  fluid  between  the  choroid  and  the 
retina.  It  is  also  produced  by  injuries  and  by  tumours,  but  it  may 
occur  without  assignable  cause. 

IX.  Affections  of  the  eye  as  a  whole. — Some  of  the  diseases 
already  mentioned  affect  the  eyeball  generally,  and  there  are  some 
affections  which  do  so  primarily. 

1.  Sympathetic  ophthalmitis. — In  wounds  of  the  eye  there  is  occa- 
sionally an  extension  of  the  inflammation  to  the  opposite  eye,  and 
this  is  commonly  spoken  of  as  by  sympathy.  Inflammation,  especially 
in  the  severe  forms  which  sometimes  occur,  can  scarcely  owe  its 
origin  to  nervous  influences  alone,  and  this  conclusion  is  confirmed 
by  the  fact  that  the  inflammation  may  progress  after  the  eye  primarily 
affected  has  been  removed.  Mackenzie  first  suggested  that  the  inflam- 
mation travelled  up  the  optic  nerve  to  the  chiasma  and  down  the 
other  nerve  to  the  opposite  eyeball.  This  view  has  been  recently 
amplified,  and  it  has  been  asserted  that  microbes  propagate  up  the 
sheath  of  one  optic  nerve  and  down  that  of  the  other  so  as  to 
produce  the  inflammation.  This  would  explain  how  the  affection 
of  the  second  eye  always  occurs  considerably  after  that  of  the  first, 
and  how  removal  of  that  primarily  affected  does  not  always  stop 
the  disease.  One  of  the  principal  difficulties  in  the  way  of  accepting 
it  is  that  the  inflammation  does  not  begin  in  the  optic  nerve  and 
retina  but  in  the  ciliary  body  and  iris.  The  explanation  seems, 
however,  generally  accepted  for  cases  of  severe  inflammation,  but 
slighter  inflammations  and  functional  irritations  of  the  eye  may  be 
produced  reflexly. 

The  inflammation  begins  in  the  iris  and  ciliary  body,  and  has 
generally  the  characters  of  an  iritis  and  cyclitis.  Predisposition  or 
susceptibility  seems  to  have  considerable  influence  in  determining 
the  occurrence  of  sympathetic  inflammation. 

2.  Errors  of  accommodation. — Vision  is  brought  about  by  the 
images  of  objects  being  focussed  on  the  retina.  The  focussing  is 
effected  by  the  refracting  media  of  the  eye,  chiefly  the  lens  and  the 
cornea.  In  order  to  accurate  vision  the  image  must  fall  in  perfect 
focus  on  the  retina.  Variations  in  the  focussing  required  by  the 
greater  or  lesser  distance  of  objects  are  brought  about  by  the  ciliary 
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muscles  acting  on  the  lens.  The  condition  of  perfectly  normal  vision 
is  designated  Emmetropia.  As  life  goes  on  the  activity  of  the 
muscles  and  the  elasticity  of  the  lens  lessen,  and  the  power  of  rapid 
accommodation  diminishes.  This  condition  is  called  Presbyopia.  The 
defective  power  of  accommodation  is  supplied  by  convex  glasses. 
Other  defects  of  vision  occur  when  the  image  falls  behind  or  in 
front  of  the  retina,  or  is  distorted. 

In  Hypermetropia  the  image  falls  behind  the  retina.  This  is 
usually  due  to  abnormal  shortness  of  the  eyeball,  but  may  also 
result  from  the  refractive  structures  being  deficient.  Vision  is  good 
for  distant  objects  but  defective  for  near.  In  Myopia  the  image 
falls  in  front  of  the  retina.  The  axis  of  the  globe  is  usually  too 
long  for  the  refractive  structures  (axial  myopia),  but  sometimes  the 
refractive  structures  are  too  powerful  (refractive  myopia).  Vision 
is  defective  for  long  distances  and  good  at  a  short  distance.  In 
Astigmatism  the  image  is  distorted,  from  the  refractive  media,  chiefly 
the  cornea,  varying  in  convexity  at  different  meridians. 

These  various  defects  may  lead  to  irritations  and  strainings  of  the 
eye  from  the  attempts  to  bring  the  image  into  focus. 

3.  Tumours  of  the  eyeball. — There  are  two  common  forms  of 
tumour,  sarcoma  and  glioma. 

Sarcoma  springs  in  the  majority  of  cases  from  the  choroid,  but 
may  take  origin  in  the  ciliary  body  or  iris.  It  is  usually  a  spindle- 
celled  tumour,  and  in  the  large  majority  of  cases  is  pigmented.  The 
unpigmented  forms  are  usually  round-celled.  The  sarcoma  in  its 
growth  usually  detaches  the  retina  and  encroaches  on  the  vitreous 
humour.  The  eyeball  is  occupied  by  the  tumour  mass,  which  gene- 
rally in  course  of  time  also  extends  into  and  through  the  sclerotic. 
The  sarcoma  is  prone  to  generalization,  and  tumours,  frequently 
pigmented,  spring  up  in  various  organs. 

Glioma  takes  origin  in  the  retina.  It  consists  of  round  cells  in 
a  fine  reticulum.  The  cells  may  be  so  abundant  as  to  make  the 
tumour  approach  to  the  structure  of  the  sarcoma.  Two  forms  are 
described  under  the  designations  exophytum  and  endophytum,  accord- 
ing as  the  tumour  originates  in  the  external  or  internal  granular 
layer  of  the  retina.  The  tumour  retains  the  characters  of  the  layer 
from  which  it  has  originated.  It  grows  for  a  time  in  the  retina, 
gradually  enlarging  and  filling  the  globe.  After  a  time  it  may 
involve  the  coats  of  the  eyeball  and  extend  through  the  sclerotic. 
Occasionally  it  extends  by  metastasis  to  distant  organs.  It  is  charac- 
terized by  a  bright  yellow  reflection  seen  through  the  pupil. 

Epithelioma  sometimes  occurs  in  the  eyeball,  usually  originating 
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at  the  junction  of  cornea  and  conjunctiva.  It  may  also  originate  in 
the  conjunctiva.  Cancer  sometimes  takes  origin  in  the  lachrymal 
glands. 

The  conjunctiva  is  also  liable  to  simple  growths,  the  commonest 
being  the  papilloma,  whose  most  frequent  seat  is  the  junction  of 
the  cornea  and  conjunctiva. 

4.  Parasites  of  the  eye. — Cysticercus  cellulosae  (the  scolex  of  taenia 
solium)  is  not  very  uncommon  in  the  eye.  Its  usual  seat  is  beneath 
the  retina,  which  may  become  detached  by  its  growth.  Sometimes 
the  parasite  perforates  the  retina  and  becomes  free  in  the  vitreous, 
where  it  may  be  seen  with  the  ophthalmoscope  as  a  clear  cyst, 
from  which  the  head  of  the  worm  is  sometimes  protruded.  A  less 
frequent  seat  is  the  anterior  chamber,  where  it  may  be  free  or 
attached  to  the  iris.  It  is  capable  of  protruding  and  withdrawing 
its  head.    The  cysticercus  also  occurs  in  the  orbit  outside  the  eyebalL 

The  Echinococcus  occasionally  has  its  seat  in  the  orbit. 

B. — THE  EAR. 

The  ear  has  intimate  anatomical  relations  with  various  other  parts, 
and  in  its  diseases  it  is  frequently  associated  with  these  parts.  It 
is  continuous  externally  with  the  skin  ;  it  is  in  communication  by 
means  of  the  Eustachian  tube  with  the  mucous  membrane  of  the 
naso-pharynx ;  it  is  intimately  related  to  the  bones  of  the  skull  and 
to  the  dura  mater  and  brain.  For  purposes  of  description  the  diseases 
of  the  ear  are  divided  into  those  of  the  external,  middle,  and  internal 
ears,  but  these  parts  being  closely  related  in  position  are  frequently 
affected  by  disease  together. 

I.  Affections  of  the  external  ear. — The  external  ear  consists  of 
the  auricle,  external  auditory  canal,  and  tympanic  membrane. 

1.  The  Auricle  is  liable  to  various  congenital  malformations, 
ranging  from  almost  entire  absence  to  simple  alterations  in  the 
usual  outline.  Supernumerary  organs,  generally  rudimentary,  are 
also  met  with.  Inflammations  of  the  skin,  such  as  erysipelas  and 
inflammatory  skin  eruptions,  especially  eczema,  may  extend  to  the 
auricle. 

A  more  independent  affection  is  the  Hematoma  of  the  auricle  or 
Othematoma.  This  consists  in  a  hemorrhage  between  the  cartilage 
of  the  auricle  and  the  perichondrium,  the  latter  being  raised,  but 
generally  carrying  with  it  pieces  of  cartilage.  It  usually  arises  from 
injury,  but  in  some  cases  the  injury  is  slight  or  absent,  and  the 
condition  is  spontaneous.  This  condition  is  so  frequent  in  insane 
persons,  more  particularly   in  dementia   paralytica,  that  the  name 
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Insane  ear  is  often  used.  The  concavities  of  the  auricle  are  filled 
out  with  the  effused  blood,  which  generally  remains  fluid  for  a 
considerable  time.  With  the  absorption  of  the  blood  there  is  gene- 
rally marked  shrinking  and  cicatricial  contortion  of  the  auricle.  Some- 
times injuries  induce  a  serous  exudation  instead  of  blood,  the  condi- 
tion otherwise  resembling  hematoma. 

Small  Fibromas  sometimes  form  in  the  auricle  in  consequence  of 
the  irritation  of  earrings.  Gouty  tophi  sometimes  occur  in  the 
cartilage  of  the  auricle. 

Epithelioma  is  not  infrequent  in  the  auricle.  It  occurs  both  in 
the  form  of  flat-celled  epithelioma  and  of  rodent  ulcer.  The  tumour 
which  sometimes  develops  on  a  pre-existing  eczema  is  liable  to 
extend  to  the  external  meatus. 

2.  The  External  auditory  canal. — Congenital  contraction  and 
closure  of  the  canal  have  been  observed  in  various  degrees. 

Inflammations  are  similar  to  those  of  the  skin,  and  may  be  either 
in  the  form  of  boils,  which  are  somewhat  frequent,  or  of  a  diffuse 
inflammation.  The  former  have  the  characters  of  cutaneous  boils, 
with  which  they  may  be  associated  ;  the  latter  result  chiefly  from 
injuries,  but  also  from  the  acute  exanthemata,  chiefly  small-pox, 
from  erysipelas,  and  from  ordinary  skin  eruptions.  The  disease  may 
extend  to  the  osseous  wall  of  the  canal  and  lead  to  caries  or  necrosis, 
but  these  are  more  frequently  the  consequences  of  affections  of  the 
middle  ear.  In  more  chronic  cases  we  have  the  usual  new-formation 
of  tissue  of  chronic  inflammations,  resulting  in  thickenings  of  the 
cutaneous  lining  of  the  canal,  and  also  in  some  cases  in  hyperostosis, 
which  may  greatly  contract  the  canal. 

Exostoses  not  infrequently  spring  from  the  osseous  wall. 

Accumulations  of  cerumen  very  frequently  occur  to  such  an  extent 
as  to  occlude  the  canal  and  cause  deafness.  They  are  usually  dry 
and  are  composed  of  cerumen  mixed  with  epidermis,  hair,  dust,  etc. 
The  accumulation  is  due  either  to  excessive  secretion  or  to  some 
impediment  to  the  escape  of  the  wax. 

Foreign  bodies  and  Parasites  are  met  with  in  the  meatus.  The 
former  consist  of  a  great  variety  of  materials  introduced  from  with 
out  and  met  with  chiefly  in  children.    Insects  and  their  larva3  are 
occasionally  found   in   the   ear,  the  latter  chiefly  in  cases  where 
purulent  discharge  exists.    The  acarus  folliculorum  also  occurs. 

Fungi  belonging  to  the  family  of  the  Aspergillus  (see  p.  362) 
have  been  frequently  observed  growing  in  the  meatus,  chiefly  in  its 
inner  recesses  and  on  the  tympanic  membrane.  They  cause  obstruc- 
tion of  the  canal  and  may  give  rise  to  serious  inflammations. 
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3.  The  Tympanic  membrane  is  liable  to  Inflammations  in  common 
with  the  meatus  on  the  one  hand  and  the  middle  ear  on  the  other. 
Hence  arise  various  thickenings  and  adhesions,  sometimes  with  cal- 
careous deposition,  chiefly  in  connection  with  diseases  of  the  middle 
ear.  Hence  also  arise  Perforations  of  the  membrane,  which  have 
frequently  serious  consequences  for  the  tympanic  cavity.  Rupture 
is  of  occasional  occurrence,  usually  in  consequence  of  condensation 
of  the  air  in  the  external  meatus  as  from  a  blow  on  the  ear,  but 
also  from  instruments  thrust  into  the  ear. 

II.  Affections  of  the  middle  ear. — The  middle  ear  is  a  cavity 
containing  air,  of  a  very  complicated  outline  (see  Fig.  504).  The 


Fig.  .rj04.—  Section  through  middle  ear.  A,  antrum  mastoideum  ;  B,  mastoid  cells  ; 
C,  inner  surface  of  tympanic  membrane;  G,  fossa  for  jugular  vein;  H,  partition 
between  tympanum  and  antrum  ;  I,  dura  mater  ;  L,  tympanic  aperture  of  Eustachian 
tube  ;  O,  pharyngeal  mouth  of  same.  (Barr.) 

central  part  is  that  immediately  within  the  tympanic  membrane, 
forming  the  tympanic  cavity,  which  is  traversed  by  the  chain  of 
ossicnla.  From  the  lower  and  anterior  part  of  this  cavity  passes  the 
Eustachian  tube  down  to  the  naso-pharynx.  The  upper  and  posterior 
part  of  the  cavity  communicates  with  the  mastoid  cells.  The 
largest  of  these  spaces  lies  immediately  behind  the  tympanic  cavity, 
of  which  it  is  almost  a  continuation  backwards.  This  is  the  antrum 
mastoideum  whose  roof,  along  with  that  of  the  tympanic  cavity,  is 
formed  by  a  thin  layer  of  bone,  which  alone  separates  these  cavities 
from  the  dura  mater  lining  the  middle  fossa  of  the  skull.  The 
remaining  mastoid  cells  communicate  directly  or  indirectly  with  the 
antrum.  In  childhood  the  antrum  is  well  developed,  but  the  other 
cells  are  very  imperfect,  the  mastoid  process  being  small.  The  roofs 
of  the  tympanum  and  antrum  are  not  infrequently  deficient,  especially 
in  childhood,  so  that  there  are  gaps  in  the  osseous  wall.    The  mucous 
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membrane  of  the  middle  ear  is,  in  most  parts,  very  delicate,  and  is 
covered  with  a  single  layer  of  epithelium.  In  its  structure  and  in 
the  character  of  its  epithelium  it  resembles  a  serous  membrane.  It 
is  particularly  thin  over  the  ossicula  and  the  membrana  tympani  and 
in  the  mastoid  cells.  In  the  greater  part  of  its  extent  the  mucous 
membrane  covers  bone,  and  is  inseparably  united  with  the  periosteum. 

1.  Inflammations  of  the  middle  ear. — These  have  in  their  elements 
the  characters  of  inflammations  elsewhere,  but  modified  by  the  relation 
of  parts.  Catarrh  is  somewhat  common,  and  may  be  acute  or  more 
chronic.  The  exudation  varies  according  to  the  severity  of  the  in- 
flammation, being  mucous  or  muco-purulent.  The  catarrh  may  be 
localized  mainly  in  the  Eustachian  tube,  which  may  be  obstructed 
by  the  swelling  of  the  mucous  membrane.  The  exudation  may 
distend  the  tympanic  cavity  and  cause  bulging  of  the  membrane. 
It  will  also  interfere  with  the  movements  of  the  ossicula. 

Chronic  inflammations  also  occur  which  have  little  of  the  catarrhal 
character,  but  rather  that  of  a  chronic  productive  inflammation. 
These  conditions  are  sometimes  described  as  Chronic,  dry,  or  adhesive 
catarrh.  These  are  associated  with  Adhesions  and  Sclerosis  of  the 
mucous  surfaces.  The  inflamed  surfaces  are  thickened,  and  wherever 
they  come  in  contact  they  tend  to  coalesce.  In  this  way  fibrous 
adhesions  are  formed  which  may  unite  the  membrana  tympani  or 
the  ossicula  to  the  opposite  wall  of  the  cavity.  Like  other  connective 
tissues  formed  in  inflammations  this  has  a  tendency  to  shrink  and 
become  dense,  a  process  expressed  in  the  term  sclerosis.  The  pliant 
mucous  membrane  thus  becomes  rigid,  and  stiffens  the  membrana 
tympani,  the  ossicula,  and  the  membrane  of  the  fenestra  rotunda. 
There  is  in  some  cases  a  new-formation  of  bone,  so  that  thickenings 
and  projections  of  the  osseous  wall  of  the  cavity  occur.  There  is 
not  infrequently  in  the  dense  shrunken  tissue  a  deposition  of  lime 
salts,  a  Calcification  similar  to  that  so  frequently  seen  in  chronic 
endocarditis.  All  these  changes,  by  rendering  rigid  the  structures 
concerned  in  propagating  the  sonorous  vibrations,  contribute  to  the 
causation  of  deafness. 

Acute  suppurative  inflammation  of  the  middle  ear  is  a  frequent 
result  of  scarlet  fever,  and  more  rarely  of  the  other  acute  fevers.  In 
these  cases  it  arises  by  propagation  upwards  of  an  acute  phleg- 
monous inflammation  from  the  pharynx.  In  some  cases  the  affection 
is  ascribed  to  cold  and  ordinary  catarrh  of  the  nares  or  naso- 
pharynx, and  in  these  the  nature  of  the  irritant  is  obscure.  There 
is  an  acute  inflammation  of  the  mucous  membrane  going  on  to  sup- 
puration and  always  resulting  in  Perforation  of  the  membrana 
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tympani.  The  middle  ear  is,  in  fact,  converted  into  a  kind  of 
abscess  cavity  and  the  pus  finds  its  way  out  through  the  membrane. 
The  inflammation  may  extend  partly  to  the  external  and  internal 
ears.  The  perforated  membrane  may  afterwards  heal,  but  in  many 
cases  there  is  considerable  destruction  of  tissue,  and  when  the  in- 
flammation subsides  a  permanent  gap  is  left  in  the  membrane, 
sometimes  involving  its  entire  extent. 

Chronic  suppurative  inflammation  of  the  middle  ear,  or  Otorrhoea, 
is  a  common  result  of  the  acute  disease.  The  perforation  of  the 
membrana  tympani,  brought  about  in  the  way  mentioned  above, 
has  far-reaching  consequences.  The  mucous  membrane  of  the  middle 
ear  is  exposed  to  the  varied  influences  from  without.  It  is  liable 
to  catarrhs,  and,  as  the  resulting  exudation  is  exposed  to  the  air, 
.septic  changes  readily  occur  in  it.  The  consequence  of  these  septic 
changes  is  a  suppurative  inflammation,  which,  when  once  fully 
established,  is  likely  to  be  permanent.  The  septic  discharges  linger- 
in-  in  all  the  complicated  parts  of  the  middle  ear  keep  up  the 
inflammation.  The  discharges  are,  consequently,  in  many  cases 
exceedingly  putrid.  The  mucous  membrane  is  by  degrees  con- 
verted into  a  succulent  granulation  tissue  from  whose  vessels  the 
pus  is  exuded.  Various  important  consequences  are  liable  to  occur 
in  this  condition,  such  as  polypi,  caries,  and  abscess  of  the  brain. 

Mucous  polypi  are  here,  as  in  other  places,  outgrowths  of  vascular 
tissue  from  the  inflamed  mucous  membrane  (see  Fig.  505).  They 


Fig.  505. — Large  mucous  poly- 
pus, which  dilated  the  external 
auditory  canal  and  protruded 
from  external  orifice.  (Barr.) 


Fig.  506.— Sequestrum  consisting 
of  annulus  tympanicus  and  part  of 
mastoid  process,  removed  from  a 
child.  (Barr.) 


protrude  through  the  perforation  in  the  membrane,  into  the  meatus, 
and  may  even  present  at  the  external  orifice.  They  are  usually 
single  mucous  polypi,  consisting  of  a  very  cellular  connective  tissue, 
in  which  mucous  glands  may  be  present,  sometimes  forming  cysts. 
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They  are  more  rarely  fibrous  in  structure,  and  in  that  case  contain 
no  glands.    A  polypoid  myxoma  is  an  exceedingly  rare  form. 

Caries  and  Necrosis  of  the  underlying  bone  not  infrequently 
occur.  There  may  be  gradually  advancing  inflammation  of  the  bone, 
leading  to  erosion  by  a  process  of  rarefying  ostitis.  Thus  a  con- 
siderable erosion  of  the  temporal  bone  may  ensue.  In  other  cases 
necrosis  of  considerable  portions  of  the  temporal  bone  results,  the 
dead  bone  being  perhaps  discharged  (see  Fig.  506).  These  processes 
are  most  liable  to  occur  in  the  mastoid  cells,  where  the  discharges 
readily  lie  and  decompose.  In  these  parts  the  inflammation  may, 
after  a  time,  become  acute,  so  that  something  in  the  nature  of  an 
abscess  may  form  and  come  to  the  surface  of  the  mastoid  process. 

Sometimes  the  suppuration  extends  outside  rather  than  inside  the 
mastoid  process,  so  that  there  is  a  suppurative  periostitis  over  this 
process,  but  without  necrosis  or  caries. 

In  some  cases  there  may  be  a  Formative  ostitis,  so  that  new- 
formation  of  bone  occurs,  leading  to  thickenings,  and  sometimes  to 
condensation  of  the  cancellated  mastoid  structures  (see  Fig.  507). 
This  may  even  occur 
coincidently  with  caries 
and  necrosis,  a  rarefying 
and  a  condensing  ostitis 
co-existing  here  as  in 
other  cases. 

If  Healing  occurs  in 
this  disease  there  are 
liable  to  be  the  conse- 
quences of  chronic  in- 
flammation already  re- 
ferred to.  Healing  will 
only  occur  if  septic  de- 
composition is  got  rid 

nf    TTnlpcc  tVin  fvtnran^  FiS-  507.— Section  showing  effects  of  prolonged  otorrhea,  a, 

Ul.    U  lliefeb  Lilt,  l/yill panic  enlarged  antrum  mastoideum  ;  b,  mastoid  cells  replaced  by 

mAmKmnP  Jncpc   wln'pVi  dense  bone  like  ivory  ;  c,  tympanic  cavity.    The  patient  (a 

mem uiane  cioseb,  which  man)  died  of  purulent  meningitis.  (Barr.) 

it  sometimes  does  by 

cicatricial  new-formation,  there  is  apt,  at  intervals,  to  be  a  renewal  of 
the  septic  process  and  of  the  suppuration. 

From  the  nearness  of  the  structures  concerned  to  the  dura  mater 
and  brain,  there  is  occasionally  an  Extension  of  the  septic  process 
to  the  parts  within  the  skull.  These  consequences  have  already  been 
referred  to  under  Abscess  of  the  Brain  (see  p.  660).  They  are 
chiefly  Septic  thrombophlebitis,  which  may  result  in  pysemia,  Sup- 
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purative  meningitis,  which  may  be  associated  with  thrombophlebitis, 
and  Abscess  of  the  brain,  which  may  arise  by  thrombophlebitis  but 
also  occurs  without  this.  Paralysis  of  the  facial  nerve  occasionally 
results  from  extension  to  the  Fallopian  canal. 

2.  Syphilis  and  Tuberculosis  of  the  middle  ear.  Syphilis  is  stated 
to  cause  in  some  cases  a  chronic  inflammation  with  sclerosis  as 
already  described.  Tuberculosis  has  been  suspected  in  some  cases 
of  chronic  otorrhcea,  and  the  tubercle  bacillus  is  said  to  have  been 
observed  in  the  discharge. 

3.  Sebaceous  tumours  of  the  ear,  Cholesteatoma. — Under  these 
names  are  included  two  very  different  conditions,  one  of  them  a 
true  tumour  such  as  occurs  in  the  brain  (see  p.  304).  This  is  ex- 
cessively  rare,  and  most  cases  of  so-called  sebaceous  tumour  are 
due  to  nothing  more  than  accumulated  and  inspissated  products  of 
inflammation,  namely  pus,  epithelium,  and  debris.  These  collections 
may  attain  a  considerable  size  and  extend  into  the  auditory  canal. 
There  may  be  a  deposition  of  crystals  of  cholestearine  giving  a 
glistening  appearance  to  the  mass. 

III.  Affections  of  the  internal  ear. — The  internal  ear,  consisting 
of  the  labyrinth  and  the  auditory  nerve,  is  rarely  the  primary  seat 
of  disease,  but  is  liable  to  be  involved  in  affections  of  the  middle 
ear  on  the  one  hand,  and  of  the  brain  and  its  membranes  on  the 
other.  It  does,  however,  sometimes  suffer  directly  from  the  effects 
of  continuous  loud  noises  (as  in  boilermakers)  or  from  blows  on  the 
head.  These  lead  to  chronic  inflammations  of  the  structures. 
According  to  Ogston  an  inflammation  of  the  labyrinth  with  effusion 
is  not  uncommon  in  gouty  and  rheumatic  persons. 

Inflammations  of  the  middle  ear  by  affecting  the  bone  directly 
may  lead  to  destruction,  or  in  a  less  degree  to  thickenings  and 
atrophies  of  the  labyrinthine  structures.  Sometimes  the  base  of  the 
stapes,  by  pressing  too  firmly  on  the  fenestra  ovalis,  causes  increased 
pressure  in  the  labyrinthine  fluid  and  consequent  atrophy  of  the 
nerve.  The  abnormal  position  of  the  stapes  may  be  the  result  of 
inflammation  or  it  may  be  produced  by  obstruction  of  the  Eusta- 
chian tube. 

Syphilis  not  infrequently  attacks  the  labyrinth  leading  to  thicken- 
ings and  consequent  injury  to  the  nerve  structures.  It  is  said,  also, 
that  haemorrhage  and  serous  exudation  sometimes  result  from  syphilis. 
Congenital  syphilis  may  attack  the  labyrinth,  so  that  deafness  often 
coincides  with  keratitis  and  iritis. 

Meningitis  (cerebro-spinal  and  perhaps  tubercular),  by  extending 
to  the  acoustic  nerve  or  labyrinth,  may  lead  in  children  to  such 
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damage  to  the  structures  as  to  result  in  total  deafness.  This  is  stated 
to  be  an  important  cause  of  deaf-mutism.  Acute  fevers,  especially 
scarlet  fever  and  typhoid  fever,  sometimes  cause  inflammation  of  the 
labyrinth.     Mumps  has  occasionally  a  similar  effect. 

Diseases  of  the  brain  and  its  membranes,  such  as  tumours, 
abscesses,  and  inflammations,  often  involve  the  auditory  nerve 
within  the  skull.  The  auditory  centre  in  the  brain  may  also  be 
involved  by  local  diseases  such  as  embolism  and  haemorrhage. 

Affections  involving  the  labyrinth  and  producing  Alterations  in 
the  fluid  contents  of  the  semicircular  canals  are  apt  to  produce 
subjective  sensations  of  giddiness  and  sickness.  This  is  due  to  the 
fact  that  these  structures  apparently  exercise  an  important  function 
in  connection  with  the  retention  of  the  equilibrium  of  the  body. 
The  group  of  symptoms  thus  produced  is  included  under  the  desig- 
nation Meniere's  disease.  A  minor  degree  of  giddiness  and  sickness 
may  be  produced  by  syringing  the  ear  with  cold  water,  especially 
when  the  membrane  is  perforated. 

Any  interference  with  the  labyrinth  leads  to  deafness,  and  this 
may  be  absolute.  If  this  occurs  in  children  the  condition  of  Deaf- 
mutism  results.  Deaf-mutism  will  occur  when  deafness  has  been 
produced  in  the  infant,  from  whatever  cause,  whether  £n  affection 
of  the  middle  or  internal  ear. 
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Abdomen,  defective  closure  53. 
Abdominal  pregnancy  1006. 
Abnormalities,  inheritance  19. 
Abrachius  57. 

Abscess  149 — atheromatous  474 — biliary 
912— brain  650,  658— cold  149—  kidney, 
metastatic  959— liver,  biliary  894 — 
liver,  pytemic  894— liver,  tropical  893— 
lung  760 — mamma  1031. 

Absorption,  dead  bone  549— foreign 
bodies  157. 

Acardiacus  40. 

Acarus,  folliculorum  399,  1092 — scabiei 

399,  1092. 
Accommodation,  errors  1102. 
Acephalus  39. 

Achorion  Schoenleinii  (axwp,  scurf)  362, 

1091. 
Achromatosis  68. 

Acne  {dwrj,  the  highest  point)  1066— 

mentagra  1066— rosacea  1066. 
Acormus  43. 
Acrania  49. 

Acromegaly,  lesions  of  bone  546 — pituit- 
ary body  in  703. 
Actinomyces  353. 

Actinomycosis  241 — bone  562 — heart  463 
—intestine  869  — lung  795. 

Addison's  disease  811,  1059 — pigmenta- 
tion 182. 

Addison's  keloid  1082. 

Adenia  243. 

Adeno-carcinoma  306. 

Adeno-fibroma,  mamma  1034. 

Adenoid  growths  in  pharynx  826 — post- 
nasal 714. 

Adenoma  (dorju,  a  gland)  255,  277 — 
bone  575— kidney  974— liver  903— 
malignant  306 — mamma  1033— pro- 
state 1051— thyroid  805— uterus  1008. 

Adeno-sarcoma,  mamma  1035. 

Adhesions,  inflammatory  158. 

Age,  as  a  cause  of  disease  24— in  relation 
to  mortality  25. 

Aglobulism  68. 

Agnathia  51. 

Ague  cake  517. 

Air-embolism  116. 

Albinism  182,  1059. 

Albuminuria  933. 

Alcoholic  neuritis  599. 

Alcoholism,  liver  888. 

4 


Alimentary  canal,  diseases  812. 
Alopecia  (dXibTrr]^  a  fox)  1058 — areata 

1058. 
Amelus  57. 

Amnion,  malformations  from  affections 
of  47. 

Amoeba  coli  366. 

Amorphus  39. 

Amputation  neuroma  270. 

Amyloid  degeneration  185— phthisis  789 
— syphilis  219 — trachoma  1095.  (For 
amyloid  degeneration  of  organs,  see 
under  respective  headings.) 

Amyotrophic  lateral  sclerosis  622. 

Anaemia,  blood  70— bone-marrow  73 — 
brain  643 — causation  68 — Egyptorum 
395— general  68 — liver  in  pernicious 
890— local  97— lymphatica  73,  243— 
organic  changes  74 — pernicious  69,  71. 

Anasarca  123. 

Anatomy,  morbid  2. 

Anchylosis  (dynvXos,  crooked),  bone  560 — 

joints  579. 
Anchylostomum  duodenale  395. 
Anencephalus  48. 

Aneurysm  (dvevpvafxa  from  dvevpv/iio, 
I  dilate)  481 — arterial  branches  at  seat 

487 —  by  anastomosis  492-- causation 
481  —  cardiac  valves  445  —  cerebral 
arteries  651 — cirsoid  491 — coats  of 
arteries    486 — dissecting   492 — effects 

488—  frequency  485 — fusiform  481  — 
heart,  acute  427 — heart,  chronic  428 
— in  horse  due  to  strongelidae  396 
— localization  485 — pulmonary  artery 
in  phthisis  786 — rupture  490 — sac- 
culated 481 — spurious  481 — termina- 
tions 489 — thrombi  486 — traumatic 
492 — varicose  495. 

Aneurysmal  varix  495. 

Angina,  catarrhal  824 — pectoris  429. 

Angioma  (dyyos,  a  vessel)  272 — bone  570 

— lips  818— liver,  cavernous  903— skin 

1085. 

Angioneuroses,  skin  1056. 
Angiosarcoma,  peritoneum  923. 
Anomalies  30. 
Antitoxines  327. 
Anthomyia  canicularis  401. 
Anthracosis  (dvdpa.%,  coal)  793. 
Anthrax  1073— attenuation  of  virus  339 
— intestine  869. 
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Antrum  of  Hightnore  in  nasal  catarrh 
713. 

Anus,  imperforate  56— urethralis  56 — 
vaginalis  56 — vesicalis  56. 

Aorta,  congenital  stenosis  418— dilata- 
tion of  arch  481. 

Aortic  insufficiency  459 — results  460 — 
stenosis  461. 

Aplasia  172 — brain  640. 

Apneumatosis  737. 

Apostema  (d0urr?7/xt,  I  turn  away)  149. 
Appendices  epiploic*,  cancer  927. 
Appendicitis  862. 
Apoplectic  cyst  123,  281,  657. 
Apoplexy  650 — pancreatic  913 — placenta 

1029 — pulmonary  751. 
Aprosopus  52. 
Apus  58. 

Arcus  senilis  1095. 
Argyria  185,  1059. 

Arterial  tension  in  Bright's  disease  955. 

Arteries,  amyloid  disease  185,  481 — 
calcareous  infiltration  478— dilatation 
90 — embolism  467 — fatty  degeneration 
478 — innervation  88 — metastatic  calci- 
fication 481  —obliteration  467 — obstruc- 
tion 93— retrograde  changes  478— 
spasm  97— syphilis  220,  495 — throm- 
bosis 467 — tuberculosis  495 — wounds 
468. 

Arterio-capillary  fibrosis  956. 

Arterio-sclerosis  468. 

Arteritis,  acute  468 — purulent  468 

Arthritis  {(Lpdpov,  a  joint)  580 — deformans 
582 — pyemic  581— rheumatic,  acute 
581 — rheumatic,  chronic  582 — tuber- 
cular 586. 

Arthrospores  313. 

Ascaris  lumbricoides  393 — mystax  394 

Ascites  (aaKos,  a  bag)  918 — adiposus  918 
—chylous  125,  918. 

Asiatic  cholera  865. 

Aspergillus,  forms  of  360. 

Asphyxia  (<r0«}fw,  I  beat)  28,  710— blood- 
pressure  710 — ecchymoses  710. 

Asthma  729. 

Astigmatism  1103. 

Ataxia  (a,  priv.,  t&%is,  order)  617 — 
Friedreich's  hereditary  621. 

Ataxic  paraplegia  622. 

Ataxy,  locomotor  617. 

Atelectasis  (areX-^s,  incomplete,  ^/cracm, 
expansion)  736 — congenital  730. 

Atheroma  (ddrjpr],  fine  meal)  468 — a  cause 
of  aneurysm  482— calcareous  infil- 
tration 474— causation  468 — cerebral 
arteries  645,  652 — effects  476— second- 
ary results  475 — tissue  changes  469. 

Atresia  of  bile-ducts,  congenital  911. 

Atrophy  (a,  priv.,  rpe0w,  I  nourish) 
causation  172 — physiological  172— pig- 
mentary 185.  (For  atrophy  of  special 
organs,  see  under  respective  headings.) 

Auditory  canal,  external,  cerumen  1105 
— exostoses  1105— foreign  bodies  and 
parasites  1105 — inflammations  1105. 

Auricle,  epithelioma  1105 — fibroma  1105 
—  haematoma  1104  —  malformations 
1104— tophi  1105. 


Auricles  of  heart,  hypertrophy  439. 
Auriculo-ventricular   valves,  malforma- 
tions 421. 
Auto-inoculation  of  cancers  299. 

Bacilli  312. 

Bacillus  acidi  lactici  357 — amylobacter 
357 — anthracis  336 — anthracis,  spore- 
formation  337— anthracis,  transmission 
338  —  Asiatic  cholera  346  —  bubonic 
plague  345 — butyricus  357 — coli  com- 
munis 334  —  diphtherias  343  —  fowl- 
tuberculosis  350— glanders  240 — influ- 
enza 345— leprae  236,  351— malignant 
oedema  340 — mallei  352 — megaterium 
356 — pneumonias  335 — prodigiosus  356 
— pyocyaneus  333  —  Rauschbrand  340 

—  rhinoscleroma  335  —  septicemia 
hemorrhagica  354— septicemia  of  mice 
354 — subtilis  357 — swine-erysipelas  354 
—syphilis  214,  220,  315— tetanus  344— 
tuberculosis  222,  348  —  tuberculosis, 
methods  of  staining  349 — typhoid  fever 
341. 

Bacteria  ((3aKT7]pia,  a  rod)  11,  311— 
aerobic  and  anaerobic  315 — causing 
disease  319 — conditions  of  life  314 — 
cultivation  317 — detection  314 — distri- 
bution 317 — effects  of  temperature  315 
— individual  forms  329 — mouth  358 — 
pathogenic  320 — pathogenic,  definition 
329 — polymorphism  318 — products  316 
— structure  and  mode  of  growth  312. 

Bacterial  infection  322. 

Bacteriology  311. 

Bacterium  termo  357. 

Baldness  1058. 

Basedow's  disease  805. 

Basophil  granules  64. 

Bedsore,  acute  165. 

Bedsores  1060. 

Beri-beri  600. 

Bile-ducts  909 — congenital  atresia  911 — 
cysts  912— dilatation  912— inflamma- 
tion 912 — obstruction  911— rupture  912 
— tumours  912. 

Biliary  abscess  912. 

"Black  tongue  "  818. 

Bladder  977 — calculi  984— concretions 
984— dilatation  978-diverticula  979— 
fissure  55 — hemorrhage  981 — hyper- 
emia, passive  980— hypertrophy  979 

—  inflammation  981  —  malformations, 
congenital  977 — parasites  984 — perfor- 
ation 978 — rupture  978 — tuberculosis 
982— tumours  982. 

Bladder-worms  375. 
Blebs  1062. 

Blood,  alterations  120 — coagulation  98 — 
constituents  62— constituents,  abnor- 
mal 80 — contamination  in  pyrexia  407 
—determination  89 — disposal  of  excess 
66 — regeneration  206 — transfusion  65, 

Blood-cysts  282. 

Blood-infections,  microbes  of  acute  353. 
Blood-plasma  62. 
Blood-plates  64. 

Blood-pressure  in  aneurysm  484 — in 
asphyxia  710 — in  fever  412 — local  in- 
crease 90. 
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Bloody-sweating  120. 
Boil  1071. 

Bone,  absorption  528— actinomycosis  562 
— anchylosis  560— architecture  526  — 
atrophy  539  —  formation  525— hyper- 
trophy 545 — inflammations  542 — mal- 
formations 529  — necrosis  548— para- 
sites 575— regenerative  processes  551 
—retrograde  changes  539  —  syphilitic 
lesions  561— transplantation  212,  556 
—tuberculosis  557— tumours  568. 

Bone-marrow  63— affections  529— anaemia 
73 -foetal  527— functions  524  — leuk- 
aemia 77. 

Bothriocephalus  latus  {fiodpiov,  a  little 
pit,  Krj<pa\rj,  the  head)  387. 

Bovine  tuberculosis  234. 

Brachycephalus  {(Bpaxvs,  short)  530. 

Brain,  abscess  658  —  anatomy  633  — 
atrophy  667  —  degenerations  668  — 
embolism  644  —  heterotopia  641  — 
hypertrophy  641 — inflammations  658 
— laceration  642  —  malformations  640 
— occlusion  of  arteries  644 — parasites 
678  —  softening  646  — syphilis  670— 
thrombo-phlebitis  659 — thrombosis  of 
sinuses  649 — tuberculosis  669 — tumours 
673. 

Bright's  disease  944 — arterial  tension  955 
—  causation  944 — dropsy  958 — forms 
945 — functional  changes  955 — hyper- 
trophy of  left  ventricle  956 — oedema 
127,  958 — thickening  of  walls  of  arteries 
956 — uraemia  955. 

Broad  ligament,  cysts  1023. 

Bronchi  ((3p6yxos,  windpipe),  dilatation 
730 — foreign  bodies  730,  733 — gangrene 
of  king  767 — inflammation  725 — 
stenosis  729 — stenosis  from  pressure 
729 — structure  724— tuberculosis  782 
— tumours  732. 

Bronchial  catarrh  726. 

Bronchial  glands,  tuberculosis  783 

Bronchiectasis  {fipoyxos,  windpipe,  '4k- 
racrts,  expansion)  730  —  accumulated 
secretion  731 — chronic  pneumonia  766 
— shrinking  of  lung,  730  —  structural 
changes  732 — weakness  of  bronchi  730. 

Bronchitis  (j3poyxos,  the  windpipe)  725— 
acute  726 — capillary  761 — chronic  727 — 
fibrinous  728— foetid  728— plastic  728— 
septic  728 — sputum  726 

Bronchocele  (k7]\ti,  a  tumour)  805. 

Broncho-pneumonia,  acute  761  —  from 
division  of  pneumo-gastric  763— septic 
762. 

Brown  induration  of  lung  96,  747. 
Bubo  510 — indurated  512. 
Bubonic  plague,  bacillus  345. 
Bulbar  paralvsis  627. 
Bullae  1062.  " 

Burns  1068  —  degrees  1069  —  duodenal 
ulcer  1069  —  hemoglobinuria  1069. 

Cachectic  oedema  126. 

Cachexia  {kclkos,  bad,  2£is,  habit)  251— 

strumipriva  vel  thyreopriva  809. 
Caisson  disease  616 


Calcareous  infiltration  193. 

Calculi,  renal  961,  970— vesical  984,  985. 

Callosity  1083. 

Callus  553. 

Cancer  292  —  degeneration  302— forms 
303  —  generalization  300  —  juice  292 
—local  nature  303— mode  of  growth 
298 — origin  294— parasitic  protozoa  297 
—retrograde  changes  302— stroma  292 
—structure  292— vessels  294. 

Cancer,  abdominal,  secondary  extension 
924  —  appendices  epiploicae  927  — 
bladder  983— bone  574— brain  676— 
endothelial  802  —  gall-bladder  912  — 
intestine  874— kidney,  primary  975— 
liver,  general  effects  907— liver,  primary 
904— liver,  secondary  905— lung,  prim- 
ary 795 — lung,  secondary  797 — mamma 
1037— mamma, ulceration  1038 — mouth 
819  —  nares  715  —  nerves  601  —  oeso- 
phagus 830— omentum,  secondary  926 
—ovary  1026  —  pancreas  914  —  penis 
1050  —  peritoneum,  primary  923  — 
peritoneum,  secondary  925  —  pleura, 
primary  802 — stomach  843— stomach, 
forms  845— scrotum  1050— skin  1089— 
testis  1046  — testis,  medullary  1047— 
thyroid  806 — uterus  and  vagina  1012— 
uterus,  epithelial  1015 — uterus,  infil- 
trating 1013. 

Cancrum  oris  165,  815. 

Cancroid  of  uterus  1015. 

Canities  1059. 

Capillary  angioma  272. 

Capsule-coccus  335. 

Carbuncle  1071. 

Carcinoma  (kolokiuos,  a  cancer)  292. 
Caries,  bone  557— middle  ear  1109— teeth 
820. 

Carnification,  lung  738 

Caruncle,  urethral  988. 

Caseation  227. 

Caseous  pneumonia  769. 

Cataract  1099— capsular  1099. 

Catarrh,  fauces,  chronic  824 — intestine 
859— middle  ear  1107— mouth  814— 
nasal  passages  712— stomach,  acute 
837 — stomach,  chronic  839. 

Catheter  fever  982. 

Cauliflower  cancer  304— uterus  1016. 

Cavernous  angioma  272. 

Cavities,  phthisis  pulmonalis  775— tuber- 
cular 228. 

Cell-theory  5. 

Cellulitis,  pelvic  1004. 

Cerebral  arteries,  aneurysm  651 — athe- 
roma 645,  652— syphilis  672— throm- 
bosis 644. 

Cerebral  haemorrhage  650. 

Cerebral  sinuses,  thrombosis  649. 

Cerebro-spinal  membranes,  oedema  680. 

Cerebro-spinal  meningitis,  epidemic  695. 

Cestoda  (k€(xt6s,  a  girdle,  eldos,  likeness) 
375. 

Chancre,  Hunterian  215— lips  817— penis 

1049— soft  1073. 
Charcot's  crystals  76. 
Charcot's  disease  585. 
Chemiotaxis  145. 
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Chigoe  400. 
Chilblain  1070. 

Chloasma  (x^a>  a  young  shoot)  182, 
1059. 

Chloroma  (x^/>5s,  pale-green)  290. 

Chlorosis  7". 

"Choked  disc"  1100. 

Cholera,    Asiatic    8G5— bacillus    346 — 

stools  865. 
Cholera  nostras  865. 

Cholestearine   (x°^V>   bile,  and  (rreap, 

tallow)  178. 
Cholesteatoma  304  —  brain  676— ear  1110. 
Chondroma  (xbvSpos,  gristle)  260,  see  also 

Enchondroma  —  bone  569  —  meninges 

699. 

Chorda?  tendinese,  rupture  of  in  endo- 
carditis 4J."). 

Chorea  (xopeia,  a  dance),  condition  of 
brain  648— endocarditis  442. 

Choroiditis  1098. 

Chylous  ascites  125,  918. 

Chylous  diarrhoea,  filaria  398.( 

Chylous  hydrothorax  125,  799. 

Chylous  pleural  exudation  125. 

Chyluria,  filaria  398. 

Cicatrices,  formation  154 — phthisis  783. 

Cimex  lectulariua  400. 

Circulation,  atheroma  476 — fuetal  415 — 
hepatic  881  —  physiology  87  —  pul- 
monary 7<>7. 

Cirrhosis  (tuppos,  tawny),  biliary  895, 
898 — carcinomatosa  905— kidney  951 
— liver  804 — liver,  general  effects  898 
— liver,  hypertrophic  898 — liver,  mono- 
cellular 902 -lung  764— uterus  1002. 

Cirsoid  aneurysm  491. 

Clavus  1083. 

Cleft  palate  52,  711. 

Clinical  observation  4. 

Cloaca,  persistence  5(5. 

Clostridium  357. 

Cloudy  swelling  151,  174— fever  411. 

Club-foot  57<». 

Club-hand  576. 

Coagula,  post-mortem  103. 

Coagulation-necrosis  169. 

Coal-miner's  lung  793. 

Cocci  (kokkos,  a  kernel)  312 — forms  313. 

Coccidiosis  297,  366. 

Coenurus  376  —  cerebralis  389 — serialis 
389. 

( 'ohnheim's  theory  of  tumours  246. 

( lollapae  of  lung  737. 

Collateral  hyperemia  90. 

Colliquefaction  169. 

Colloid  cancer  (w\\a,  glue)  309. 

Colloid  degeneration  192. 

Comedo  1066. 

Comma  bacillus  346 — colour  test  for  347. 

Compensation  in  cardiac  disease  436. 

Concretions,  amvloid  189  —  calcareous 
193— bladder  984— kidney  969— pros- 
tate 1051 — vesiculoe  seminales  1052. 

Condvlomata  (kou 8v\u)/j.a,  a  knob)  217, 
276,  1075— mouth  817— penis  1050. 

Congestion,  active  89 — passive  93. 

Conjunctiva,  tuberculosis  1095. 


Conjunctivitis,  1093 — catarrhal  1094 — 
diphtheritic  1095  — ■  granular  1094 — 
purulent  1094. 

Connective  tissue,  regeneration  208. 

Constitution,  bodily,  the  result  of  in- 
heritance 23 — of  the  various  organs  23. 

Contagion  320. 

Contagium  vivum  12. 

Corn  1083. 

Cornea  1095— conical  1095— herpes  1096 
—  inflammations  1095  — -  retrograde 
changes  1095  —  staphyloma  1096  — 
ulcers  1096 — vascularization  1095. 

Coronary  arteries,  embolism  426 — ob- 
struction 426. 

Corpora  amylacea  (dp.v\ov,  starch)  189. 

Corpuscles,  emigration  of  white,  144. 

Coryza  712. 

Cranioschisis  49. 

Craniotabes  537,  561. 

Cretinism  538,  809. 

Crisis  in  fever  409. 

Croup  717— bronchial  728— false  716. 

Croupous  exudation  150. 

Croupous  pneumonia  755. 

Crude  tubercle  227. 

Crvptorchismus  (kpvtttos,  hidden,  opxis> 

the  testicle)  1042. 
Curvature,   spine  562 — anteroposterior 

564— lateral  565. 
Cyanosis  (kvolvos,  blue)  421,   1056 — in 

dyspntea  709. 
Cyanotic  induration  96. 
Cyclitia  1098. 
Cvclopia  50. 
Cylindroma  290. 

Cystic  tumours,  congenital  274 — testis 
1046. 

Cysticercus  (kvvtls,  a  bladder,  KtpKos, 
a  tail)  376— bovis  382— cellulosre  379— 
cellulosse,  eye  1104 — cord  631 — race- 
mosus  380— tenuicollis  389. 

Cystinuria  986. 

Cystitis  {kvo-tis,  a  bladder)  981. 
Cystocele  996. 

Cystoma  (Kuans,  a  bladder)  278  —colloid 
ovarian  1018 — secondary  changes  1021. 

Cysto-sarcoma  of  mamma  1036. 

Cysts  278— apoplectic  123,  657— bile- 
ducts  912— bladder  984— bone  572— 
broad  ligament  1023 — cord  631 — der- 
moid, of  neck  53— dermoid,  of  testis 
1046— goitre  806— hydatid  384— kidney 
972— interstitial  nephritis  952— liver 
903— mamma  1041 — neck  53— ov&ry 
1004  —  ovary ,  dermoid  1025  —  ovary, 
multilocular  1018 — ovary,  origin  of 
glandular  tissue  1019 — ovary,  papil- 
lomatous 1023— ovary,  simple  1018 — 
papillomatous  277 — parovarian  1023 — 
spinal  cord  685 — spleen  522— tubo- 
ovarian  1027 — uterine  1002 — varieties 
279 — vermiform  appendage  876. 

Daltonism,  inheritance  20. 

Dariers  disease  1037. 

Deaf  mutism  1111. 

Death  28— by  heart  28— by  lungs  28. 


INDEX. 


1117 


Deciclua  1027— haemorrhage  1028— in- 
flammation 1028. 

Decubitus  1060 — acute  165. 

Defects  in  formation  of  parts  46. 

Degeneration,  amyloid,  185 — colloid  192 
— fatty  175— (for  fatty  degeneration 
of  special  organs,  see  respective  head- 
ings)—hyaline  169,  193— mucous  190 — 
parenchymatous  174 — waxy  169,  186. 

Degeneration,  brain  668 — cancers  302 — 
cord  after  amputation  612— cord,  grey 
606 — cord,  grey  ascending  611 — cord, 
grey  descending  608. 

Dementia  paralytica  662. 

Demodex  folliculorum  399. 

Dentine,  secondary  821. 

Dermoid  cysts  280. 

Desiccation  168. 

Detachment  of  retina  1102. 

Determination  of  blood  89. 

Diabetes  insipidus,  inheritance  20. 

Diabetes  mellitus  (5t'a,  through,  jScuVw, 
I  flow,  fxe\i,  honey)  84 — lipaemia  82 — 
nature  85 — pancreas  in  914 — source 
of  sugar  84. 

Diapedesis  {8ia,  through,  Trifirjais,  oozing) 
144 — haemorrhage  by  94. 

Diaphragm  in  relation  to  peritoneal 
cancers  927. 

Diarrhoea  848. 

Diathesis  (tl6\i/hl,  I  arrange)  9,  251. 
Dicephalus  42. 
Dicrotism  in  fever  412. 
Digits,  absence  59 — coalescence  59 — de- 
fect 59. 

Dilatation,  bladder  978— bile -ducts  912 
— bronchi  730 — heart  436 — oesophagus 
827— stomach  835— uterus  1000. 

Diphtheria  {5i(pdepa,  a  skin)  716— bacillus 
343  —  fauces  825  —  immunity  344  — 
mixed  infection  344. 

Diphtheritic  exudation  150. 

Diphtheritic  pneumonia  763. 

Diplococcus  pneumoniae  334 — in  healthy 
sputum  335. 

Diprosopus  42. 

Dipygus  39. 

Disease,  causation  7 — causes,  external  9 
causes,  internal  14 — constitutiona  123 — 
contagious  12 — definition  1 — epidemic 
12 — endemic  12— hereditary  16 — idio- 
pathic or  spontaneous  14 — infectious 
12 — infective  320 — inherited  16— mias- 
matic 12,  320— terminations  26. 

Dislocations,  congenital  576 — spontan- 
eous 579 — traumatic  578. 

Displacement  of  uterus  995. 

Disseminated  sclerosis  661. 

Distoma  haematobium  374 — hepaticum 
372 — lanceolatum  373 — pulmonale  vel 
Ringeri  373 — sinense  vel  spathulatum 
373. 

Diverticulum,  Meckel's  849— oesophagus 

827— pericardium  415— stomach  836. 
Diver's  paralysis  616. 
Dochmius  duodenalis  395. 
Double  monsters  31,  34. 
Dracunculus  medinensis  396. 


Dropsy  123 — Bright's  disease  958 — causa- 
tion and  nature  124  —  cerebrospinal 
canal  46 — ventricles  684. 

Duct  cancer,  mamma  1037. 

Ductus  arteriosus,  persistence  418. 

Ductus  choledochus,  obstruction  912. 

Duodenal  ulcer  after  burns  1069. 

Duodenitis  862. 

Duplicity  of  uterus  and  vagina  993. 
Dwarfing,  partial  46. 
Dwarfs  45. 

Dyscrasia  (dvs,  difficult  or  bad,  Kpdats, 
a  mixture)  251. 

Dysentery  (dvs,  and  evrepou,  the  bowels) 
863 — chronic  864 — healing  864— necro- 
sis 864 — ulceration  864. 

Dysmenorrhea  membranacea  998. 

Dyspnoea  707  accommodation  708  —from 
deficient  air-supply  707 — from  deficient 
blood  supply  708. ' 

Ear,  cholesteatoma  1 110  —  external, 
diseases  1104 — internal,  diseases  1110 
— middle,  diseases  1106 — middle,  ad- 
hesions 1107 — middle,  calcification  1107 
— middle,  caries  and  necrosis  1109 — 
middle,  inflammations  1107 — middle, 
formative  ostitis  1109  -  middle,  mucous 
polypi  1108— middle,  sclerosis  1107 — 
middle,  syphilis  1110 — middle,  tuber- 
culosis 1110 — sebaceous  tumours  1110. 

Ecchondrosis  (xovbpos,  gristle)  260. 

Ecchymoses  (xvV-bs,  juice)  1057  —  in 
asphyxia  710. 

Echinococcus  (e'x^os,  a  hedgehog)  376— 
cord  631 — kidney  977 — mamma  1042 
scolecipariens   vel   granulosus    384 — 
spleen  523. 

Ectopia  cordis  53. 

Ectopic  pregnancv  1006. 

Eczema  1063— nipple  1037. 

Elephantiasis  505—  arabum  238 — grieco- 
rum  237 — filaria  in  398. 

Embolic  inflammation  of  kidney  959. 

Embolic  pneumonia  763. 

Embolism  (e/nftoXos,  a  plug)  110— arteries 
467 — arteries,  coronary  426— arteries, 
mesenteric  850 — artery,  pulmonary  749 
■ — artery,  retinal  1101 — brain  644 — can- 
cerous 300— capillary  111 — causation 
110 — diagnosis  110 — end-arteries  111 — 
hepatic  vein  886 — haemorrhagic  in- 
farction 113— kidney  938— multiple,  in 
ulcerative  endocarditis  450 — necrosis 
114— phenomena  111 — special  forms 
116. 

Emmetropia  1103. 

Emphysema  (efxcpvcrrjiaa,  inflation)  ana- 
tomy 743— causation  741— effects  745 
— interlobular  740— pulmonary  740 — 
senile  745 — substantive  741 — vesicular 
741— vicarious  742. 

Empyema  (efnrvyfxa,  a  gathering)  801. 

Encapsuling  of  foreign  bodies  158. 

Encephalitis  658— chronic  661— diffuse 
662. 

Encephalon,  diseases  633. 
Encephalocele  49. 
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Enchondroma  2G0  —  central  and  peri- 
pheral of  bone  261,  509— lung  797 — 
testis  1045. 

End-arteries  111. 

Endarteritis,  chronic  408— obliterans  478 
— obliterans  in  interstitial  nephritis 
1)53. 

Endocarditis,  acute  {evbov,  within,  Kapdla, 
the  heart)  442— aneurysm  of  valves  445 
— atheroma  in  chronic  44G — chorda? 
tendinese,  rupture  445 — chronic  440 — 
chronic,  secondary  changes  447-448 — 
metastatic  abscesses  450— tubercular 
402—  ulcerative  448 — ulcerative,  micro- 
cocci 44!) — ulcerative,  characters  of 
lesion  441)— warty  vegetations  443. 

Endocardium,  fatty  degeneration  433. 

Endometritis  (eudou,  within,  /J-yTpa,  the 
womb)  1001— chronic  1002 — decidualis 
1028— exfoliativa  998. 

Endospores  313. 

Endothelial  cancer  802. 

Endothelioma  291,  310. 

Enteritis  {eurepov,  a  piece  of  gut)  850 — 
follicular  860 — membranacea  860. 

Enterocy stoma  849. 

Eosinophil  granules  64. 

Epidermic  globes  304. 

Epididymitis  104:1 

Epigastrius  39,  43. 

Epispadias  55. 

Epistaxis  711. 

Epithelioid  cells  153 — in  tubercle  225. 
Epithelioma   303— cylinder-celled  305 — 

eyeball  1103 — larynx  723 — molluscum 

1086. 

Epithelium,  new-formation  156 — regen- 
eration 206. 

Epizoa  (e7rt,  upon,  '{wov,  an  animal)  300. 

Epulis  (eVt,  upon,  ov\ov,  the  gum)  290, 
818. 

Erectile  tumours  272. 
Ergotism  164. 
Erysipelas  505,  1072. 
Erythanthema  1057. 

Erythema  {epvOaivw,  I  dye  red)  1063— 
syphilitic  1075. 

Excoriations  K>70. 

Exophthalmic  goitre  805. 

Exostosis  202,  569 — auditory  canal,  ex- 
ternal 1105— dental  822. 

Extra-uterine  pregnancy  1006. 

Extravasation  cysts  281. 

Extravasation  of  urine  978. 

Extroversio  vesicae  55. 

Exudation,  croupous  150— diphtheritic 
150— purulent  148 — serous  and  fibrin- 
ous 141. 

Eye,  affections  of  whole  1102 — diseases 

1093— parasites  1104. 
Eyeball,  tumours  1103. 

Facial  clefts  52.  . 

Fallopian  tubes,  occlusion  1002— tuber- 
culosis 1007— tumours  1027. 
False  joints  555. 

Family  peculiarities,  their  effect  on  sus- 
ceptibility 22. 


Farcy  240. 

Fastigium  in  fever  408. 
Fat-embolism  116. 

Fauces,  angina  824— chronic  catarrh  824 
— diphtheria  825 — inflammation,  phleg- 
monous 824 — malformations  824— 
structure  823— syphilis  826— tuber- 
culosis 827 — tumours  827. 

Favus  1090. 

Fever  10,  402,  407— blood-pressure  412 — 
cloudy  swelling  411 — cold  stage  407 — 
dicrotism  412 — fastigium  408 — nervous 
disturbances  412 — post-mortemappear- 
ances  412 — puerperal  1005 — pulse  rate 
411 — terminations  409 — urea,  excess 
408— wasting  408. 

Fibroid  phthisis  777. 

Fibro-lipoma  256. 

Fibroma  254 — auricle  1105 — bone  569 — 
kidney  972 — larynx  722 — mamma  1034 
— meninges  699— nares  714 — ovary 
1020  -skin  1087. 

Fibroma  molluscum  254,  1087. 

Fibroneuroma,  liver  903. 

Fibrous  induration  of  thyroid  806. 

Filaria  Bancrofti  396 — medinensis  396 — 
periodicity  397— sanguinis  hominis  396 
— sanguinis  in  kidney  977. 

Finkler-Prior  bacillus  348. 

First  intention,  union  by  210. 

Fission,  abcaudal  36,  39 — abcranial  36,  42 
— abcranial  and  abcaudal  44— complete 
36— double  44 — of  both  extremities  36. 

Fission-fungi  312. 

Fissura    abdominalis    53 — sterni    53 — 

vesica?  55. 

Fistula  colli  congenita  53,  715,  824— 

umbilical  849. 
Flat  foot  577. 
Flexions  of  uterus  996. 
Floating  kidney  937. 
Flukes  372. 
Fluxion  of  blood  89. 
Foetus  in  foetu  39. 
Foramen  ovale,  patency  418. 
Foreign  bodies,  effects  157 — in  bronchi 

733 — in  intestine  873 — in  larynx  724. 
Formative  cells  153. 
Fowl-cholera  354. 
Fowl-tuberculosis,  bacillus  350. 
Fractures,  healing  552— partial  in  rickets 

536 — ununited  555. 
Framboesia  1077. 

Friedreich's  hereditary  ataxia  621. 
Frost-bite  1070— degrees  1070. 
Fungi,  parasitic  358 — pathogenic  362. 
Fungus  of  testis  1045. 
Fungus  lnematodes  307. 

Galactocele  1041. 
Gall-bladder  909— tumours  912. 
Gall-stones  909. 

Gangrene  163 — dry  167 — lung  760,  766 — 
lung,  bronchi  in 767 — lung,  haemorrhage 
767  —  moist  168  —  senile  164  —  skin, 
symmetrical  1056. 

Gas-forming  bacillus  356. 

Gastromalacia  833. 

Gastritis  836. 
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General  paralysis  of  the  insane  621,  662. 

Generalization  of  tumours  249. 

Generative  organs,  diseases  98!) — female, 
diseases  992 — female,  malformations 
992 — female,  syphilis  1007 — male,  dis- 
eases 1042. 

Genu  valgum  536 — varum  536. 

Giants  34. 

Giant  cells  153— in  tubercle  225. 

Giant-celled  sarcoma  289. 

*'  Gin-drinker's  liver  "  894. 

Glanders  240— bacillus  352— larynx  722 

—liver  902— lung  795. 
Glaucoma  1098. 

Glioma  {y^ia,  glue)  274— brain  674— 

cord  631— eyeball  1103. 
Glomerulo-nephritis  948. 
Glossitis  (\yu)(T <ra,  the  tongue)  816. 
Glosso-labio-laryngeal  paralysis  627. 
Glossy  skin  1081. 
Glottis,  spasm  716. 
Glycosemia  84. 
Glycosuria  84. 

Goitre  192— colloid  806— cystic  806— 
exophthalmic  805  —simple  805 — second- 
ary tumours  806. 

Gonococcus  333. 

Gonorrhoea  987. 

Gonorrhoea!  ophthalmia  1094. 

Gout  and  Bright's  disease  945. 

Gouty  arthritis  582. 

Gram's  method  of  staining  bacteria  314. 
Granulation  tissue,  blood-vessels  155 — 

cells  153— nature  154. 
Granulation-tissue  tumours  214. 
Granuloma  1098. 
"Gravel"  984. 
Graves'  disease  805. 
Guinea-worm  396. 
Gum-boil  8  22. 

Gummata  217— brain  670 -liver  900— 
mouth  817— skin  1075— spleen  522. 

Hematidrosis     (cu/xa,     blood,  idpow, 

I  sweat)  120. 
Hematoblasts  65. 

Hematocele   {koXt),  a  tumour)  1017 — 

extra-peritoneal  1000 — intra-peritoneal 

999— pelvic  999. 
Hematoma    121  —  auricle    1104  —  dura 

mater    689— peritoneum    917 — uterus 

998. 

Hematometra  1001. 
Hematosalpinx  1003. 
Hematozoa,  malaria  369 — Texas  fever 
371. 

Hemoglobin,  derivatives  182. 
Hemoglobinuria    86,    69— epidemic  in 

cattle  371 — paroxysmal  69. 
Hemophilia  119 — inheritance  20. 
Hemoptysis  in  passive  hyperemia  of 

lung  748. 

Hemorrhage  118— bladder  981— causa- 
tion 118— cerebral  650— decidual  1028 
— disposal  of  blood  121  —  intestinal 
850 — kidney  939 — gangrene  of  lung 
767— meningeal  689— meningeal,  in- 
fantile 692 — nomenclature  121 — pan- 
creas 913 — peritoneum  917 — phthisis 


785— pigmentation  122,  183— placenta 
1029— pleural  sac  799 — pulmonary  750 
— skin  1057 — soft  membranes  691 — 
stilling  120— stomach  842— ulcer  of 
stomach  839 — ulcerative  endocarditis 
452 -uterus  998. 

Hemorrhagic  diathesis  119. 

Hemorrhagic  infarction  of  lung  751. 

Hemorrhoids  5C1 — vesical  980. 

Hair,  atrophy  1058— grey ness  1059. 

Harelip  52. 

Hay-bacillus  357. 

Healing  of  wounds  209. 

Heart,  actinomycosis  463  —  amyloid 
degeneration  435  —  aneurysm,  acute 
427 — aneurysm,  chronic  428— atrophy 
429  —  calcareous  infiltration  of 
muscle  434— fatty  degeneration  428, 
431  —  fatty  infiltration  430  —  fibrous 
transformation  427  —  foetal,  normal 
condition  415— Hodgkin's  disease  463 
— hyaline  degeneration  435  —  hyper- 
trophy and  dilatation  436  —  hyper- 
trophy, causation  436  —  hypertrophy, 
forms  437 — hypertrophy, idiopathic  436 
— infarction  427— inflammations  441 
— injuries  435 — malformations,  con- 
genital 415 — malformations,  causation 
416 — mucous  degeneration  435 — para- 
sites 465 — rupture  427,  435 — syphilis 
463  —  thrombi  423  —  tuberculosis  462 
— tumours  464 — valvular  disease  456 — 
weakness  93. 

Heat  discharge  404. 

Heat  production  in  muscular  contraction 
403— in  nervous  action  403 — normal 
402 — in  secretion  403. 

Hemi-anasarca  128. 

Hemiatrophy  46,  174 — tongue  813.  * 

Hepatic  artery,  thrombosis  886. 

Hepatic  vein,  embolism  886. 

Hepatitis,  chronic  interstitial  894 — sup- 
purative 892. 

Hepatization,  grey,  of  lung  758 — red,  of 
lung  756. 

Hereditary  ataxia,  Friedreich's  621. 

Hereditary  disease  16. 

Hermaphroditism  989 — bilateral  990— 
lafcral  990. 

Hernia  850— causation  851 — cerebri  49 — 
congenital,  in  cryptorchismus  1043 — 
contents  853 — descent  of  large  intes- 
tine 854— false  852— forms  850,  852— 
gangrene  855  —  incarcerated  854  — 
strangulated  164,  854— testis  1045  - 
umbilical  cord  54 — vesice  996. 

Hernial  sac  851. 

Herpes  1080— zoster  1080. 

Heterotopia  of  brain  641. 

Histology,  pathological  3. 

Hob-nail  liver  897. 

Hodgkin's  disease  79,   243  —  affecting 

heart  463— thymus  810. 
Horns  276,  1084. 
Horse-shoe  kidney  936. 
Hyalin  193 

Hydatids  (lean's,  a  drop  of  water)  376, 

384 —  brood-capsules  385 — development 

385—  exogenous  384— liver  908. 
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Hydatid  mole  259,  1028. 

Hydremia  68. 

H  \  drencephalocele  41). 

Hydrocele  (idwp,  water,  and  ktiXt}, 
a  tumour)  1047 — congenital  1048 — con- 
genital, of  neck  53 — encysted — 104S. 

Hydrocephalus  (vdwp,  water,  and  KecpaXrj, 
the  head)  081 — acute  695 — chronic 
083. 

Hydrometra  (u-rirpa,  the  womb)  1001. 
Hydromyelia  (/n-e\6s,  marrow)  685. 
Hydronephrosis  {vecppos,  the  kidney)  041 

— thickening  of  capsule  of  kidney  943 

— cyst  of  kidney  042. 
Hydrophobia  (<£o/3e'w,  I  fear)  604. 
Hvdrorrhaehis  interna  (pd-XLSi  the  hack) 

685. 

Hydrops  articuli  583. 

Hydrops  vesicas  fellee  011. 

Hydrosalpinx  1003. 

Hydrothoiax  700 -chylous  125,  709. 

Hygroma  506. 

Hypalbuminosis  68. 

Hyperemia  (virtp,  over,  and  alfj.a, 
blood),  active  89 — active,  causation  00 
—active,  of  kidney  937— active,  of  lung 
746 — active,  of  peritoneum 917— active, 
phenomena  02 — arterial  80  atonic  SO 
collateral  00— general  05 — local  80 — 
necrosis  in  06— passive  03 — passive, 
causation  93 — passive,  enlargement  of 
organs  06  passive,  phenomena  04 
vaso-motor  centres  91  —  vaso-motor 
nerves  91 — venous  93.  (For  hyperemia 
of  special  organs,  ace  the  respective 
headings. ) 

Hypermetropia  1103. 

Hyperostosis  {ocrTtov,  bone)  204,  546. 

Hyperplasia  (TrXocts,  a  moulding)  201 
liver,  nodular  904— pineal  gland  700. 

Hypertrophy  (rperpu),  I  nourish)  201 — 
blood-supply  increased  203 — compen- 
satory 202 — congenital  in  origin  201 — 
direct  stimulation  204 — general  34 — 
local  34— near  inflammations  203 — 
of  left  ventricle  in  Jiright's  disease 
956  pressure  204.  (For  hypertrophy 
of  special  organs,  sec  the  respective 
headings. ) 

Hyphomycetse  358. 

Hypoplasia  172. 

Hyposarca  123. 

Hypostasis  (&0l<rra/uu,  I  stand  under)  93. 
Hypostatic  engorgement  of  lung  748. 

Ichthyosis  (lx.Mh  a  fish)  1083— inherit- 
ance 19 — linguae  816. 

Icterus  {iKrepos,  jaundice)  184,  889 — 
neonatorum  SOU. 

Idiocy,  defect  of  brain  641. 

Immediate  union  of  wounds  209. 

Immunity  324 — acquired  326 — induced 
326— theory  328. 

Imperforate  anus  56. 

Inclusio  foetalis  39. 

Induration,  brown  96— cyanotic  96 — 
fibrous,  of  spleen  518— inflammatory 
159 — iron-grey,  of  lung,  765. 


Infantile  paralysis  622. 

Infarction  (hifarcio,  I  cram  in)  disposal 

115  —  hemorrhagic  113 — heart  427  — 

kidney  938— placenta,  white  1020— 

spleen  518 — white  114. 
Infection  12 — blood,  bacterial  323— local 

322. 

Infective  diseases  320 — periodicity  329. 

Infective  embolism  117. 

Infective  tumours  213. 

Infiltration,  albuminous  174 — calcareous 
193 — calcareous,  in  arteries  478— cal- 
careous, in  atheroma  474 — calcareous,  of 
cardiac  muscle  434 — fatty  179— heart, 
fatty  430 — kidney,  parenchymatous 
968 — liver,  cancerous  007— liver,  fatty 
887— liver,  parenchymatous  886 — liver, 
pigmentary  880 — pancreas,  fatty  014 — 
pericardium,  calcareous  433 — purulent 
140. 

Inflammation  10,  130  —  blood-supply 
130 — catarrhal  cells  148 — connective- 
tissue  corpuscles  147 — contraction  of 
arteries  137 — dilatation  of  arteries  136 
— exudation  141 — etiology  130 — infec- 
tive 100— in  frog's  foot  134 — interstitial 
150 — nervous  action  131 — new-forma- 
tion 151 — parenchymatous  151,  174— 
parenchymatous,  changes  151 — paths 
of  irritation  133 — phenomena  133 — 
phlegmonous  ((p\eyu,  I  burn)  160 — 
resolution  158 — retardation  of  blood- 
stream 137 — specific  213 — stasis  138 — 
suppurative  100— temperature  130 — 
ulcerative  100—  vessels  in  136.  (For 
inflammation  of  special  organs,  see  the 
respective  headings. ) 

Inflammatory  (edema  128. 

Influenza,  bacillus  345. 

Inheritance,  of  abnormalities  10 — of  Dal- 
tonism 20 — of  diabetes  insipidus  20— of 
hemophilia  20 — of  ichthyosis  10— in- 
dividual 17 — principles  10— racial  17 — 
theories  24  —  of  tuberculosis  224 — 
of  tumours  247. 

Inherited  susceptibility  16. 

Injuries,  repair  209. 

Innervation  of  arteries  88. 

Inoculation  of  tubercle  223. 

Insufficiency,  aortic  valve  450 — cardiac 
valves,  relative  457 — mitral  valve  457 
— tricuspid  valve  461. 

Insufflation  pneumonia  703. 

Intestinal  concretions  873. 

Intestinal  hemorrhage  850. 

Intestinal  obstruction  877 — causation 
877 — results  878. 

Intestine,  actinomycosis  860 — amyloid 
disease  873 — anthrax  860 — atrophy  8(50 
— atrophy  of  mucous  membrane  873 — 
catarrh  859 — catarrhal  ulcers  860 — 
false  diverticula  850 — foreign  bodies 
873— hypertrophy  860 — inflammation 
859— inflammation,  diphtheritic  861 — 
inflammation,  localized  861 — inflam- 
mation, phlegmonous  861 — inflamma- 
tion, specific  863 — invagination  857  — 
malformations  849  —  mycosis  869 — 
necrosis  873  —  parasites  874  —  post- 
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mortem  changes  848 — prolapse  859 — 
syphilis  872 — tuberculosis  »70 --tum- 
ours 874 — twisting  856— typhoid  fever 
866-ulcers,  follicular  860. 

Intoxication  11 — bacterial  322. 

Intussusception  857 

Invagination  of  intestine  857. 

Inversion  of  uterus  996. 

Inversio  vesicae  55. 

Involution  cysts  of  mamma  1041. 

Irido-choroiditis  1097. 

Iris,  diseases  1097. 

Irritants  in  inflammation  130. 

Ischaemia  (w"xw,  I  restrain,  cu/xa,  blood) 
97. 

Ischiopagus  38. 
Ivory  exostosis  263. 

Janiceps  38. 
Jaundice  184. 

Jaws,  cancer  823 — cysts  823. 
Joints,  anchylosis  579  —  diseases  576 — 
inflammation  580 — loose  bodies  588. 

Kak-ke  600. 

Karyokinesis  (xapvov,  a  kernel,  Kivrjcris, 

movement)  197. 
Karyomitosis  (piros,   a  thread  of  the 

warp)  197. 

Keloid  {kt)\ls,  a  spot),  Addison's  1082 — 
false  1086— true  1086. 

Keratitis  (/cepas,  horn),  interstitial  1096 
— e  lagophthalmia  1096 — from  paralv- 
sis  of  fifth  nerve  1096. 

Keratoconus  1095. 

Keratosis  of  tongue  816. 

Kidney,  abscesses,  metastatic  959 — amy- 
loid degeneration  964 — atrophy  967 — 
calculi  970 — cicatricial  962 — cirrhosis 
951 — concretions  969 — contracted  fatty 
951 — contracted  granular  951 — cystic 
transformation  972 — embolism  938 — 
embolism,  septic  939 — fatty  degenera- 
tion 968— floating  937— function  931— 
— function,  pathological  variations  932 
— haemorrhage  939 — Hodgkin's  disease 
244 — hydronephrosis  941 — hyperaemia, 
active  937 — hyperaemia,  passive  938 — 
hypertrophy  940 — induration,  cyanotic 
938 — infarction  938 — infiltration,  par- 
enchymatous 968 — inflammations  944 
— inflammation,  embolic  959  —  larda- 
ceous  966 — large  white  950 — leukaemia 
78 — malformations  935 — malpositions, 
936  — movable  936  — parasites  977— 
phthisis  789 — retrograde  changes  964 
— structure  928— syphilis  970 — tuber- 
culosis, general  971— tuberculosis,  local 
970— tumours  972. 

Kraniopagus  38. 

Kyphosis  (Kvcpbs,  bent  forwards)  565. 

Laceration  of  brain  642. 

Lacteal  cysts  1041. 

Laminated  capsules  304. 

Landry's  paralysis  622. 

Lardaceous  degeneration  186. 

Laryngismus  stridulus  716. 

Larynx  and  trachea,  catarrh,  acute  717 


— catarrh,  chronic  719 — foreign  bodies 
and  parasites  724 — inflammations  716 
— leprosy  and  glanders  722 — malfor- 
mations 715  —  stenosis  719  —  syphilis, 
720 — tuberculosis  721 — tumours  722. 

Larvae  of  insects  passed  by  bowel  401 — 
in  tissues  401. 

Lead-palsy,  atrophy  in,  173. 

Leiomyoma  {Xeios,  smooth,  /*vs,  muscle) 
265. 

Lens,  diseases  1099. 
Leontiasis  ossea  546. 

Lepra  anaesthetica  {Xeirpos,  scaly)  237 — 
tuberculosa  237. 

Lepros}-  236 — anaesthetic,  necrosis  165 — 
bacillus  351 — cutaneous  237  —  larynx 
722— liver  902— mouth  817  —nerves  601. 

Leptomeningitis  {Xeirros,  fine,  /xrjvLyi^, 
a  membrane)  693 — septic  659. 

Leptothrix  buccalis  (#pi£,  a  hair)  358. 

Leptus  autumnalis  400. 

Leucine  and  tyrosine  in  liver  891. 

Leucocvtes  {Xevnos,  white,  and  kutos, 
a  cell)  63. 

Leucocytosis  70. 

Leucocythaemia  75. 

Leucoma  of  tongue  816. 

Leucomaines  (XevKos,  white)  317. 

Leucomyelitis  {/aveXos,  marrow)  613. 

Leucoplacia  of  tongue  816. 

Leucorrhoea  (pew,  I  flow)  1002. 

Leukaemia  75 — causation  75 — liver  903 — 
morbid  changes  75— nature  76— second- 
ary lesions  78 — spleen  519 — thymus 
810— tissue  changes  76. 

Leyden's  crystals  729. 

Lichen  ruber  1065. 

Lichen,  syphilitic  1075. 

Ligature  of  arteries  467. 

Lipaemia  (Xt7ros,  fat,  al/xa,  blood)  81 — in 
diabetes  82. 

Lipoma  (XtVos,  fat)  256 — bone  570 — cap- 
sulare  257 — capsulare  of  mamma  1032 
— diffuse,  parosteal  257 — kidney  972 — 
meninges  699  —  parosteal  257  —  skin 
1087. 

Lips,  cysts  818— glandular  tumours  817 — 

warts  818. 
Lithaemia  [Xidos,  stone,  al/xa,  blood)  84. 
Lithopaedion  {Xidos,  stone,  irous,  a  child) 

1007. 

Liver,  abscess,  biliary  894 — abscess,  py- 
aemic  894 — abscess,  tropical  893 — alco- 
holism 888 — amyloid  degeneration  888 
— atrophy  886— atrophy,  acute  yellow 
890 — cancer  904— cancer,  extension  to 
924 — cancerous  infiltration  907— circu- 
lation 881  —  cirrhosis  894  —  cirrhosis, 
hypertrophic  898  — ■  cysts  903  —  fatty 
degeneration  887  —  glanders  902  — 
Hodgkin's  disease  244  —  hyperaemia, 
passive  883 — hypertrophy  892 — infil- 
tration, fatty  181,  887  —  infiltration, 
parenchymatous  886 — infiltration,  pig- 
mentary 889  —  inflammations  892  — 
leprosy  902— leukaemia  78,  903— mal- 
formations, 882 — necrosis,  886 — -nodu- 
lar hyperplasia  904 —parasites  908 — 
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pernicious  anemia  890 — post-mortem 
changes  882— retrograde  changes  88(5 
— sarcoma  !)07-  structure  and  function 
880 — syphilis  900— syphilis,  congenital 
902— transposition  883  —  tuberculosis 
902— tumours  903. 

Local  infection  322. 

Locomotor  ataxia  (a,  priv.,  ra£is,  order) 

617 — trophic  lesions  020. 
Loeffler's  bacillus  343. 
Loose  bodies  in  joints  588— in  peritoneum 

257. 

Lordosis  (\op56s,  bent  supinely)  565. 
Lumbar  abscess  559. 

Lung,  actinomycosis  795 — carbonaceous 
pigment  790  —  circulation,  disorders 
740 — cirrhosis  704— coal-miner's  793 — 
collapse  737  —  collapse,  in  broncho- 
pneumonia 762  dust  affections  790 — 
emphysema  740  —  gangrene  766  — 
glanders  795  —  hemorrhage  750  — 
haemorrhage  from  tearing  763 — hyper- 
emia, active  746  —  hyperemia,  col- 
lateral 747— hyperemia,  passive  747 — 
hypertrophy  739  hypostatic  engorge- 
ment 748 — induration,  brown  747 — 
induration,  iron-grey  765 — infarction 
751  —  inflammations  754  —  malforma- 
tions 736 — cedema  747,  749 — parasites 
99S  —  pneumonia,  acute  754  —  pneu- 
monia, chronic,  764  splenization  748 
— stone-mason's  794  — structure  734  — 
syphilis  795  tuberculosis  768 — tuber- 
culosis, acute  miliary  794  —  tumours 
795. 

Lupus  1076— mouth  817 — varieties  1076. 
Lymph,  filtration  of,  507. 
Lymphadenitis,  acute  (lympha,  water, 

ddrjv,  a  gland)  509    chronic  510. 
Lymphadenoma,  malignant  243. 
Lymphangeitis  [lympha,  water,  dyydou, 

a  vessel)  504. 
Lyinphangiectasis    {dyyeiov,    a  vessel, 

tuTcuris,  expansion)  505. 
Lymphangioma  274 --mouth  818. 
Lymphangioma  cavernosum  506 — mouth 

sis. 

Lymphatic  circulation  123. 

Lymphatic  glands,  degenerative  changes 
508 — leukemia  77    pigmentation  509 
structure  507 — syphilis  512— tubercu- 
losis 510 — tumours  512— typhoid  fever 
868. 

Lymphatic  vessels,  diseases  504 — obstruc- 
tion 124  —  tuberculosis  505 — tumours 
506. 

Lymphocytes  (54. 

Lymphoma  276— intestine  876 — malig- 
nant 243. 

Lymphosarcoma  243,  287— lung  797 — 

peritoneum  923. 
Lymph-scrotum  1050— filaria  in  398. 
Lysis  in  fever  409. 

Macrochelia  (fxaKpos,  large,  xe'^°*>  the  lip) 
818. 

Macroglossia  {/xaKpos,  large,  yXwaaa, 
the  tongue)  274,  818. 


Macrophags  325. 

Madura  foot  242 — fungus  364. 

Maggots  in  tissues  401. 

Malaria,  luematozoa  369— spleen  517. 

Malformations  15,  30 — aberrant  31,  (51  — 
by  defect  31,  45 — by  excess  31,  33— 
by  peculiarity  of  form  31,  61 — 
causation  32 — classification  33 — para- 
sitic 36,  39,  43.  (For  malformations  of 
special  organs,  see  separate  headings.) 

Malignancy  of  tumours  249,  250. 

Malignant  (edema  1073 — bacillus  340. 

Malignant  pustule  339,  1074. 

Malpositions  of  kidney  936. 

Mamma,  abscess  1031— cancer,  forms 
1038— cysts  1041— hypertrophy  1032 
inflammation  1031  —  malformations 
1030— parasites  1042— syphilis  1032— 
tuberculosis  1032 — tumours  1032. 

Margarine  178. 

Mast-cells  64. 

Mastitis  1031. 

Meckel's  diverticulum  849. 

Medulla  oblongata,  anatomy  (505 — dis- 
eases 619,  627. 

Medullary  cancers  306. 

Meischer's  tubes  368. 

Melanemia  (/J.e\as,  black,  ai/za,  blood) 
80,  184. 

Melanoid  sarcoma  290. 

Melanotic  cancer  310. 

Membranes  of  brain  and  cord,  anatomy 
679. 

Meniere's  disease  1111. 
Meningeal   haemorrhage   689  —  infantile 
692. 

Meninges,  parasites  701 — tumours  699. 

Meningitis  (fxy^iy^,  a  membrane)  6!»2 — 
cerebral  650— epidemic  cerebro-spinal 
695  gummatous  672 — syphilitic  699 
— tubercular  682,  695. 

Meningocele  50,  52. 

Meningo-myelocele  688. 

Menorrhagia  998. 

Menstruation,  vicarious  120. 

Mesenteric  arteries,  embolism  850. 

Metaplasia  (pLerdirXaaLS,  transformation) 
200— bone  529. 

Metastasis  of  tumours  (/ueflurr??/^,  I 
change  place)  249. 

Metastatic  abscesses  in  ulcerative  endo- 
carditis 450. 

Metritis  (jmyrpa,  the  womb)  1002 — sub- 
involution in  1002. 

Miasma  12. 

Miasmatic  diseases  320. 
Micrencephalus  640. 
Microbrachius  46. 

Microbes  11,  311  —  local  and  general 
effects  of  11 — of  acute  blood  infections 
353  — of  acute  specific  diseases  336 — 
pyogenic  330  —  saprophytic  355 — 
specific  new-formations  348 — tumours 
248. 

Microcephalia   (/MKpos,  small,  Ke<pa\rj, 

the  head)  46,  530,  640. 
Micrococci  (/j.LKpos,  small,  kokkos.  a  kernel) 

312. 
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Micrococcus  gonorrhcese  333 — tetragenus 

353. 
Microcytes  72.. 

Micromelia  chondromalacia  539. 
Micromelus  46. 
Micro-organisms  11. 
Microphags  325. 
Micropus  46. 

Microsporon  furfur  363,  1091. 
Miliaria  1062. 
Miliary  tubercle  225. 
Milium  1066. 

Milk  spots  on  pericardium  455. 

Misplacements  of  testis  1012. 

Mitral  insufficiency  457. 

Mitral  stenosis  458 — results  459. 

Mole,  congenital  276— fleshy  102S— 
hydatid  {vdarLs,  a  drop  of  water)  259, 
1028  —  pigmented  1084  —  sanguineous 
1028. 

Mollifies  ossium  540. 

Molluscum  contagiosum  1086 — coccidia 

in  368. 
Monobrachius  58. 
Monophthalmia  50. 
Monopus  58. 
Monsters,  triple  44. 
Monstrosities  31 — aberrant  61. 
Morbus  cteruleus  421. 
Morbus  coxae  senilus  585. 
Morphoea  1082. 

Mortality  in  relation  to  age  25. 
Mortification  163. 

Moulds  359 — saprophytic  and  parasitic 
360. 

Mouse-typhus  354. 

Mouth,  bacteria  358— catarrh  814 — dis- 
eases 813— glanders  817 — gummata  817 
—  inflammation  814  —  inflammation, 
special  forms  815 — leprosy  817 — lupus 
817 — malformations  813 — syphilis  817 
— tuberculosis  817 — tumours  817. 

Mucin  191,  258. 

Mucous  cancer  310. 

Mucous  cysts  279. 

Mucous  degeneration  190. 

Mucous  patches  in  mouth  817. 

Mucous  polypi  157. 

Mucous  tissue  192,  258. 

Mucous  tubercles  217. 

Multiple  neuritis  599. 

Multiplication  by  fission,  the  cause  of 
double  monsters  35. 

Mummification  167. 

Muscle,  regeneration  208. 

Muscular  contraction,  heat  production 
403. 

Mycetoma  242. 

Mycosis,  intestine  869. 

Myelitis  {fxve\6s,  marrow),  systematic 
616 — transverse,  acute  614— transverse, 
chronic  615. 

Myeloid  sarcoma  289. 

Myelomeningocele  52. 

Myocarditis  (p<vs,  a  muscle),  interstitial 
427,  441 — parenchymatous  441— puru- 
lent 441— syphilitic  442. 

Myoma  (/xOs,  a  muscle)  265 —secondary 
changes  1010 — lymphangiectodes  1010 


—ovary  1026— separation  and  trans- 
plantation 1011  —  skin  1087  —  telan- 
giectodes 1009— uterus  1009— varieties 
1011. 

Myomalacia  cordis  427. 

Myopia  1103. 

Myosarcoma,  kidney  974. 

Myxcedema  (/Ui'£a,  mucus,  ot5r]/xa,  a  swell- 
ing) 192,  806— pituitary  body  in  809— 
thyroid  gland  in  808. 

Myxo-glioma  of  brain  675. 

Myxoma  (/*tf£a,  mucus)  258 — bone  570 — 
cord  631— mamma  1034— nares  714— 
skin  1088. 

Najvus  272— pigmentosus  1084— vascu- 
laris 1085. 
Nails,  atrophy  1059. 

Nasal  passages,  catarrh,  acute  712 — 
catarrh,  chronic  713 — diseases  711 — 
foreign  bodies  715— haemorrhage  711 — 
malformations  711  —  syphilis  713  — 
tuberculosis  714— tumours  714. 

Necrosis  {veKpos,  a  dead  body)  159,  163 — 
caseous  170,  227— causes  163— forms 
165— issues  170 — molecular  170 — tis- 
sue-change 165. 

Negrism  182. 

Nematoda  {vrj/xa,  a  thread,  el<5os,  like- 
ness) 390. 

Nephritis  (vecppos,  the  kidney)  944— 
acute  945  — chronic  946 — interstitial 
951 — interstitial,  cysts  952 — intersti- 
tial, lesions  951 — interstitial,  sclerosis 
of  glomeruli  953 — parenchymatous  946 
— parenchymatous,  changes  in  glo- 
meruli 947 — parenchymatous,  changes 
in  tubules  946 — parenchymatous,  tube- 
casts  947 — scarlatinal  948 — suppurative 
961— tubular  946. 

Nerve-fibres,  regeneration  208. 

Nerves,  peripheral,  anatomy  594— inflam- 
mations 598 — injury  596 — regeneration 
597 — tumours  601. 

Nervous  action,  heat  production  in  403 
— in  inflammation  131. 

Nervous  disturbances  in  fever  412. 

Nervous  system,  anatomy  and  functions 
590 — diseases  590 — general  effects  of 
lesions  593 — influence  of  in  pyrexia 
406. 

Neurine  317. 

Neuritis  (vevpov,  a  nerve)  598— alcoholic 
599— leprous  601— local  600— multiple 
599— syphilitic  601— toxic  598. 

Neurofibroma  255. 

Neuroglia  {vevpov,  a  nerve,  y\ia,  glue) 
274. 

Neuroma  270,  601. 

Neutrophil  granules  64. 

New-formation,  classification,  200 — con- 
nective tissue  156— epithelium  156 — 
genesis  199 — microbes  of  specific  348 — 
specific  213— tissue  151,  197. 

Nipple,  eczema  1037— Paget's  disease 
1037. 

Noma  {vifxw,  I  devour)  165,  815. 
Nucleus,  constituents  198. 
Nutmeg  liver  883. 


1124 


INDEX. 


Obesity  179. 

Obstruction,  aortic  orifice  461 — arteries 
93 — bile-ducts  911 — bile-ducts,  results 
1)11 — cancer  of  intestine  874 — ductus 
cboledochus  912  —  intestine  877  — 
mitral  orifice  458— os  uteri  1001— pau- 
creatic  duct  915 — ureters  941 — urethra 
941— vagina  1000— veins  93,  119. 

Odontoma  {68ofo,  a  tooth)  262,  823. 

(Edema  (oidrjfxa,  a  swelling)  123— brain 
643  —  Bright's  disease  127,  958  — 
cachectic  126  —  cerebro-spinal  mem- 
branes 680 — dyspnoea  709 — glottidis 
718  —  inflammatory  128— lung  747 — 
malignant  1073  -  optic  nerve  1100 — 
skin,  local  1066 — transudation  in  129. 

Oesophagitis  dissecans  superficialis  S29. 

(Esophagus,  diseases  827 — dilatation  827 
—  diverticulum  827— inflammations  829 
—obstruction  828  —  obstruction,  in 
cancer  831 — perforating  nicer  829— 
perforation  828,  829— rupture  829— 
tumours  830. 

(  Milium  albicans  363. 

Oil-embolism  116. 

Oligemia  (6X1705,  scanty,  al/xa,  blood)  68. 

Oligocythemia  (6X1705,  scanty,  kvtos, 
cell,  al/aa,  blood)  68. 

Omentum,  extension  of  cancer  to  926 — 
in  tubercular  peritonitis  922. 

Oophoritis  (u>o<p6pos,  egg-bearing)  1003 — 
chronic  1004. 

Ophthalmia  (o<pt)a\u6s,  the  eye),  gonor- 
rheal 1094 — neonatorum  1094  neuro- 
pathic 1096— purulent  1094. 

Ophthalmitis,  sympathetic  1102. 

Optic  nerve,  atrophy  1100— diseases  1100. 

Optic  neuritis  1100. 

( Orchitis  (opx^,  the  testicle)  1043  -chronic 
1044. 

( )rganic  susceptibility  in  different  species 
24. 

Organization  of  clot  122. 

Ossification  527    following  calcification 

190 — middle   coat  of  arteries  480 — 

rickets  532. 
Osteitis  (dareov,  a  bone)  deformans  546. 
Osteoblasts  (fi\a<rTOS,  a  sprout)  527. 
Osteoclasts  (vXasros,  broken  in  pieces) 

528. 

Osteoid  chondroma  570. 
Osteoid  sarcoma  574. 
Osteoma  262,  569— dental  822 — of  men- 
inges 7<)<». 
Osteomalacia  540. 
Osteomyelitis  5  12. 
Osteophytes  588. 
Osteoporosis  546. 

Ostitis,  acute,  542 — chronic  544— forma- 
tive 544— rarefying  544. 

Os  uteri,  obstruction  1001. 

Othematoma  (6i>s,  an  ear,  at/m,  blood) 
1104. 

Otitis  media  (6vs,  an  ear)  660— suppura- 
tive 1107. 
Otomycosis  362. 

Otorrhea  1108 — extension  to  intracranial 
structures  1109 — healing  1109. 


Ovarian  pregnancy  1006. 

Ovary,  cancer  1026— cysts,  1004,  1018— 
dermoid  cysts  1025— relations  1017 — 
tuberculosis  1008— tumours  1018. 

Oxyuris  vermicularis  (6£t'S,  sharp,  ovpd, 
the  tail)  394. 

Ozena  (6£w,  I  smell)  713. 

Pacchionian  bodies  277 — tumours  700. 
Pachydermia  238. 

Pachymeningitis  (-rraxvs,  thick,  fj.r)viyt, 
a  membrane)  692 — hemorrhagica  689, 
691  — septic  659. 

Paget's  disease  of  the  nipple  1037 — coc- 
cidia  in  369. 

Painful  subcutaneous  tubercle  267. 

Pancreas,  atrophy,  914— cancer  914 — dia- 
betes 914  —  haemorrhage  913  —  fatty 
infiltration  914  —  inflammation  914  — 
malformations  913  —  necrosis  914  — 
syphilis  914 — tuberculosis  914. 

Pancreatic  apoplexy  913. 

Pancreatic  duct,  concretions  915— ob- 
struction 915. 

Pannus  1095,  1096. 

Papilloma  276  —  bladder  982  —  choroid 

plexus  700    larnyx  722— nares  714. 
Papules  1062. 
Paralbumin  191. 

Paralysis,  acute,  ascending  622 — bulbar 
627  —  infantile  622 — pseudohypertro- 
phic 629— spastic  621. 

Parametritis  {irapd,  beside,  fAyrpa,  the 
womb)  1004. 

Parasites,  acephalic  39  —  animal  365 — ■ 
bacterial  319  —  external  399— bladder 
984— bone  575— brain  678— eye  1104— 
heart  465 — intestine  874 — kidney  977 
—liver  908— lung  798— mamma  1042  — 
meninges  701 — uterus  and  vagina  1016. 

Parasitic  diseases  of  skin  1090. 

Parasitic  fungi  358. 

Parotitis  and  orchitis  1043. 

Parovarian  cysts  1023. 

Parovarium,  relations  1017. 

Parulis  {wapd,  beside,  o&\ov,  the  gum) 
822. 

Passive  hyperemia  93 — in  cardiac  valvu- 
lar affections  459 — liver  883. 

Pathogenic  bacteria  {irddos,  suffering, 
yevvdaj,  I  give  rise  to)  320 — definition 
329. 

Pathogenic  fungi  362. 

Pathology,  definition  1  —experimental  1. 

Pavementing  of  veins  138. 

Pearl  tumour  304. 

Pediculi  400. 

Pemphigus  (7re/x0i£,  a  bubble)  1065  — 
f  oliaceus  1066  —  neonatorum  1075  — 
syphilitic  1075. 

Penis,  diseases  1049  —  cancer  1050  — 
chancres  1049  —  condyloma  1050  — 
syphilis  1050 — tuberculosis  1050. 

Pentastoma  denticulatum  399. 

Perforating  ulcer  of  foot  1060. 

Perforation,  bladder,  978  —  oesophagus 
828,  829  —  stomach  840  —  tympanic 
membrane  1106— typhoid  fever  868. 
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Peribronchitis  (Trepi',  around,  fipoyxos, 
windpipe)  in  phthisis  pulmonalis  770. 

Pericarditis  {ire pi,  around,  Kapdia,  the 
heart)  acute  452— chronic  455— suppur- 
ative 454  -tubercular  462. 

Pericardium,  diseases  414 — adherent  454 
— cardiac  hypertrophy  455 — calcareous 
infiltration  433 — congenital  malforma- 
tions 415. 

Perichondritis  719. 

Perihepatitis  (Trepi',  around,  tfirap,  the 
liver)  899. 

Perimetritis  {Trepi,  around,  fJ-yrpa,  the 

womb)  921,  1003. 
Periodicity  in  infective  diseases  329. 
Periostitis  {Trepi,  around,  ovreov,  bone) 

acute  543. 
Periostosis  264,  546. 

Periphlebitis  {Trepi,  around,  (p\e\p,  a  vein) 
109. 

Periproctitis  {irepi,  around,  irpuKrbs,  the 

anus)  863. 
Perisplenitis  518. 

Peritoneum  {irepirbvaiov,  the  stretched- 
out  membrane)  disease  915  —  active 
hyperemia  917 — acute  miliary  tuber- 
culosis 922 — cancerous  infection  925 — 
hamiatoma  917  —  haemorrhage  917  — 
inflammations  919— malformations  915 
— passive  hyperaemia  917 — structure 
and  function  915 — tumours  923. 

Peritonitis  919  —  acute  localized  920 — 
adhaesiva  920  —  chronic  920 — chronic 
hemorrhagic  917 — pelvic  1003— septic 
919 — tubercular  921 — tubercular,  heal- 
ing 922. 

Perityphlitis  {Trepi,  around,  rv(p\6v,  the 

caecum)  862. 
Perlsucht  (German,  Perl,  a  pearl,  Sucht, 

sickness)  234. 
Pernicious  anaemia  69,  71. 
Pernio,  1070. 
Perobrachius  57. 
Peromelus  57. 
Peropus  58. 

Petechias  1057-pleural  799. 

Phagocytosis  {(payeiu,  to  devour)  146,  325. 

Pharyngitis,  granule r  824. 

Pharynx,  diseases  823. 

Phlebectasis  {(pXexp,  a  vein,  e/cTacris,  ex- 
tension) 498. 

Phlebitis  496— septic  496. 

Phleboliths  {(pXexj^,  a  vein,  \idos,  a  stone) 
106,  500. 

Phlegmasia  dolens  {(p\eyp.aaia  from 
cpXeyixaivo),  I  inflame)  109,  997. 

Phlegmonous  inflammation  {(pXeyixovrj, 
fiery  heat)  160. 

Phocomelus  57. 

Phosphorus-necrosis  551. 

Phthisis,  laryngeal  721 — potter's  794 — 
renalis  970. 

Phthisis  pulmonalis  {(pdivw,  I  waste)  768 
—  amyloid  disease  789  —  anatomical 
changes  770— aneurysm  of  pulmonary 
artery  786 — caseous  form  771 — caseous 
necrosis  774 — causation  769— cavities 
775  —  cicatrices  783  —  distinction  be- 


tween forms  781 — extension  of  tuber- 
culosis 782— fibroid  form  777— fibroid, 
bronchiectasis  780  —  fibroid,  caseous 
necrosis  779— fibroid,  cavities  in  pleura 
781 — fibroid,  emphysema  781— fibroid, 
pigmentation  781— fibroid,  tubercles 
778  —  general  effects  789  —  general 
tuberculosis  following  790  —  haemor- 
rhage, early  785;  late  786  —  healing 
783— initial  lesion  772— kidneys  789— 
necrosis  of  pleura  787 — peribronchitis 
776  —  pleurisy,  acute  7«7  —  pleurisy, 
chronic  787  —  pneumothorax  788  — 
softening  774 — sputum  782 — tubercles 
773. 

Physometra  {cpuaa,  a  blast  of  wind)  1001- 
Pian  1077. 

Piarrhaemia  {iriap,  fat,  at/xa,  blood)  81. 

Pigment,  carbonaceous,  in  lung  790. 

Pigmentation,  fibroid  phthisis  781  — 
haemorrhage  122  —  lymphatic  glands 
509— pathological  182— skin  1059. 

Pineal  body,  diseases  701 — hyperplasia 
700. 

Pine-apple  heart  453. 

Pituitary  body,  diseases  702 — in  diseases 
of  thyroid  703— in  myxoedema  809. 

Pityriasis  rubra  1064 — versicolor  1091. 

Placenta,  diseases  1029  —  haemorrhage 
1029 — periarteritis  nodosa  1030— retro- 
grade changes  1030  —  syphilis  1030 — 
tuberculosis  1030  —  white  infarction 
1029. 

Placentitis  1030. 

Plasmodium  malariae  369. 

Platycephalus  {irXarvs,  flat)  530. 

Plethora  {Tr\rjd(Jop-q,  fulness)  65,  67 — hy- 
dremic 127. 

Pleura  {ir\evpa,  the  side),  diseases  799 — 
cysts,  in  fibroid  phthisis  781— hyper- 
aemia799 — inflammations  799— necrosis 
of,  in  phthisis  787 — pneumonia  760 — 
tuberculosis  801 — tumours  802. 

Pleural  adhesions  801. 

Pleural  sac,  haemorrhage  into  799. 

Pleurisy,  acute  799 — acute,  anatomical 
changes  800— broncho-pneumonia  762 
— chronic  801 — phthisis  787. 

Plexiform  angioma  272— neuroma  272. 

Pneumococcus  335. 

Pneumoconiosis  790. 

Pneumonia  {Trvevfxwv,  the  lung)  abscess 
760 — acute  lobar  755 — caseous  769 — 
catarrhal  761 — chronic  764 — diphthe- 
ritic 763 — embolic  763— engorgement 
756 — gangrene  760— grey  hepatization 
758  —  hemorrhagic  758 — herpes  761 — 
insufflation  763— interstitial  764— lobu- 
lar 761 — microbes  of  335— pleura  in  760 
— purulent  infiltration  760 — resolution 
759 — red  hepatization  756 — senile  764 
— white  795. 

Pneumonomy cosis  361 . 

Pneumothorax  {irvevixa,  air,  0wpa£,  the 
chest)  802 — in  phthisis  788. 

Poikilocytes  {ttolk'CKos,  various)  72. 

Poisons  10. 

Poliomyelitis  {ttoXlos,  grey,  fxveXos,  mar- 
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row)  613  —anterior  acuta  (522 — chronica 
(525 — subacuta  025. 

Polydactylism  44. 

Polymorphism  of  bacteria  318. 

Polypi,  mucous  (ttoXuttovs,  the  sea-poly- 
pus) 157,  255  -larynx  723— middle  ear 
1108— nares  714 — naso-pharvnx  509 — 
uterus  1002,  1008— uterus,  cystic  1000 
—fibrous  008,  1012. 

Porencephalia  (rropo?,  a  passage)  641. 

Portal  vein,  thrombosis  885. 

Post-mortem  coagula  103. 

Post-nasal  adenoids  714. 

Pott's  disease  of  spine  504. 

Potter's  phthisis  704. 

Predisposition  0. 

Pregnancy,  Rright's  disease  in   045 — 

extra-uterine  1000. 
Presbyopia  (irptcrfivs,  an  old  man)  1103. 
Primary  adhesion,  union  by  210. 
Proctitis  (wpuKTOs,  the  anus)  803. 
Proglottides  of  tape  worms  375. 
Progressive  muscular  atrophy  025. 
Prolapse,    anus  850  —  intestine  850  — 

uterus  905— vagina  990. 
Prosopothoracopagus    (irpjawirov,  the 

face)  37. 

Prostate,  cancer  1051 — concretions  1051 
— hypertrophy  1050— tuberculosis  1051. 
Proteins  ;!17. 

Protozoa,  parasitic  3G5 — in  cancers  297. 
Prurigo  1065. 

Psammoma275    brain075  meninges009. 
Pseudarthrosis  (\p€v8r)s,  false,  tipdpov,  a 
joint)  555. 

Pseudo-herraaphroditism  (^ero^s,  false, 
'Ep/xrjs,  Mercury,  ' \<t>pob'iT7),  Venus), 
female  991-  male  990. 

Pseudo-hypertrophy  202. 

Pseudo-hypertrophic  paralysis  629. 

Pseudo-leuksemia  243. 

Psoas  abscess  559. 

Psoriasis  (i/'cipa,  the  scab)  1064— syphili- 
tic 1075— tongue  816. 

Psorospermia  366. 

Ptomaines  (tttw/ulcl,  a  corpse)  310. 

Puerperal  fever  1095. 

Pulex  irritans  400 — penetrans  400. 

Pulmonary  artery,  aneurysm  in  phthisis 
786 — embolism  749  stenosis  congeni- 
tal 410,  418. 

Pulmonary  apoplexy  751. 

Pulmonary  circulation  707. 

Pulmonary  hemorrhage  750. 

Pulse-rate  in  fever  411. 

Pure  cultivations  318. 

Purpura  120.  1057. 

Pus  148— changes  in  150. 

Pustnle,  malignant  339,  1074. 

Pustules  1062. 

Pyaemia  (ir&ov,  pus,  al/na,  blood)  498. 

Pyelitis  (7ri;e\os,  a  basin)  961— calculous 
961— suppurative  961. 

Pyelonephritis  (7ri'<e\os,  a  basin,  veeppos, 
the  kidney)  961— healing  962. 

Pylorus,  atresia,  congenital  834— hyper- 
trophy 836— obstruction  835 — stenosis 
838 — stenosis,  congenital  854. 


Pyogenic  membrane  149. 

Pyogenic  microbes  330. 

Pyonephrosis  {irvov,  pus,  veeppjs,  the 
kidney)  962— healing  963. 

Pvo-pneumothorax  {irvov,  pus,  irvevp.a, 
air,  dupo.%,  the  chest)  802. 

Pyosalpinx  {irvov,  pus,  o-aXiriy*,  a  trum- 
pet, a  tube)  1003. 

Pyrexia  {irvp,  fire)  10,  402— contamina- 
tion of  blood  407 — causation  and  forms 
406 — dyspnoea  709  —  central  nervous 
system  406  -theories  of  409— nervous 
theories  410— metabolic  theory  410. 

Quinsy  (Fr.  exquinancie,  from  Kvvayicq, 
dog-quinsy)  825. 

Rabbit-septic;emia     {o-tjittikos,  putrid. 

alp.a,  blood)  354. 
Race,  its  effect  on  susceptibility  21 — the 

result  of  inheritance  17. 
Kachitic  rosary  537. 

Rachitis  (paxu,  the  spine)  531.  [See 

Rickets.) 
Rainey's  tubes  368. 
Ranula  819—  pancreatica  915. 
Ray-fungus  241,  353. 
Raynaud's  disease  97,  1056. 
Reaction  of  living  tissues  10. 
Recovery  from  disease  26. 
Rectoceie  996. 

Red  corpuscles  62 — nucleated  72. 
Reduplication  of  parts  44,  45. 
Regeneration  of  tissue  205. 
Relapsing  fever,  spirillum  343. 
Relaxed  throat  S24. 
Renal  phthisis  970. 
Renal  veins,  thrombosis  938. 
Kepaii  of  injuries  209. 
Reproduction  of  lost  parts  205. 
Resistance  of  living  matter  to  external 
forces  6. 

Resolution,  of  inflammation  158 — in 
pneumonia  759. 

Respiration,  diseases  of  organs  705. 

Respiratory  centres  706 — movements  706. 

Retention  cysts  279— of  mamma  1041. 

Retina,  diseases  1101—  detachment  1102. 

Retinal  artery,  embolism  1101. 

Retinitis  1101 — albuminuric  1101— pig- 
mentary 1101. 

Rhabdomyoma  {pafidos,  a  stripe,  p.us, 
a  muscle)  265. 

Rheumatic  arthritis  {apdpov,  a  joint), 
acute  581 — chronic  582. 

Rheumatism  {pevpea,  a  rheum)  in  endo- 
carditis 442. 

Rhinoliths  {pis,  the  nose,  \idos,  a  stone) 
715. 

Rhinitis  {pis,  the  nose),  acute  712. 
Rickets  531 — lesions  of  bone  532 — foetal 
539. 

Ringworm  1091. 
Rodent  ulcer  304,  1090. 
Roseola  1063 — syphilitic  1075. 
Round-celled  sarcoma  287. 
Round  worms  390. 
Rupia  1075. 
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"  Rupture"  850. 

Kupture,  bile-ducts  912— bladder  978— 
oesophagus  829 — spleen  520— stomach 
840. 

Saccharomyces  359 — albicans  3G3. 
Sacro-iliac  articulation,  synostosis  530. 
Sago  spleen  521. 

Salpingitis  (craA7rty£,  a  tube)  1002 — 
tubercular  1008. 

Saprophytes  (crawpos,  putrid,  (pvrou,  a 
plant)  319. 

Saprophytic  microbes  355. 

Sarcina  {sarcina,  a  bundle)  313,  355— 
ventriculi  355. 

Sarcoma  (<rdp%,  flesh)  283 — bone  573— 
brain  676— cord  631— eyeball  1103 — 
forms  286  —  kidnev,  primary  974 — 
larynx  723  —  liver "  907  —  lung  797— 
lymphatic  glands  513 — mamma  1035 — 
meninges  700 — mode  of  growth  285 — 
mouth  818 — nares  714 — nerves  601 — 
ovary  1026— retroperitoneal  923 — skin 
1089  —  structure  284— testis  1046  — 
thyroid  806 — uterus  and  vagina  1016. 

Sarcoptes  hominis  399,  1092. 

Scabies,  1092. 

Scalds  1068— degrees  1069. 

Scaphocephaly  (<TKa<pos,  the  hull  of  a 
ship)  530. 

Scarlet  fever  and  Bright's  disease  944. 
Scirrhus  {aKLppos,  hard)  307. 
Schistoprosopus  52. 
Schizomycetes  312. 

Sclerema  (ai<\Tipo$,  hard)  neonatorum 
1082. 

Scleroderma  (aKXrjpos,  hard,  dep/ia,  the 
skin)  1082. 

Sclerosis  (crKX^jpos,  hard),  amyotrophic 
lateral  622— ascending,  of  cord  611 — 
descending,  of  cord  608— disseminated 
661 — glomeruli  in  interstitial  nephri- 
tis 953 — insular  661 — posterior  columns 
of  cord  617— spinal  cord  606— spon- 
taneous lateral  621. 

Sclerotic,  diseases  of  1096. 

Scolex  (tTKwXrjij,  a  worm)  of  tape-worms 
375. 

Scoliosis  (aKLb\r)£,  a  worm)  565. 
Scrofula  {scrofa,  a  sow)  228,  510. 
Scrofuloderma  1076. 

Scrotum,    cancer    1050  —  elephantiasis 
•    1050  -lymph-scrotum  1050. 
Scurvy,  mouth  in  815. 
Seaman's  skin  1089. 
Second  intention,  union  by  210. 
Secretion,  heat  production  in  403. 
Self-preservation,  as  a  cellular  function  6. 
Semicircular  canals,  affections  1111. 
Semilunar  valves,  malformations  419. 
Sepsin  317. 

Septicaemia    (arj-rrTLKos,    putrid,  al/xa, 

blood)  323 — in  animals  353. 
Septum  auriculorum,  defect  418. 
Septum  ventriculorum,  defect  417. 
Sequestra,  formation  549. 
Serum-therapy  328. 
Sex  in  the  causation  of  disease  26. 


Sinuses,  tubercular  512. 

Siren  malformation  58. 

Skin,  angioneuroses  1056 — atrophy  1057 
catarrh  1064  —  diseases  1053 — fever 
409  —  gangrene,  symmetrical  1056 — 
glossy  1081 — gummata  1075 — haemor- 
rhages 1057 — hyperemia  1056 — hyper- 
trophies 1083— inflammations  1061 — 
inflammations  from  heat,  cold,  and 
injury  1068  —  inflammations,  phleg- 
monous 1072  —  inflammations,  septic 
and  infective  1071  —  inflammations, 
symptomatic  1067  —  inflammatorv 
eruptions  1061 — larvae  of  insects  in 
1092 — lesions  from  cadaveric  poisons 
1071  —  necrosis  1060  —  oedema,  local 
1056  —  parasitic  diseases  1090  —  pig- 
mentation 1059 — retrograde  changes 
1057— structure  1053 -syphilis  1074— 
transplantation  212  —  trophoneuroses 
1079  —  tuberculosis  1076  —  tumours 
1083— ulcers  1060. 

Skin-grafting  212. 

Skull,  malformations  of  530. 

Sloughing  163,  168. 

Small-pox,  mouth  in  815— skin  in  1068. 
Softening  of  brain  643,  646. 
Soldier's  spots  on  pericardium  455. 
Sordes  814. 

Spansemia  (cnrdvios,  scarce,  alfxa,  blood) 
68. 

Spasm  of  arteries  97. 

Spastic  paralysis  of  Erb  621. 

Specific  diseases,  microbes  of  acute  336. 

Specific  inflammations  213. 

Spermatic    cord,    haemorrhage    1052 — 

tuberculosis  1052 — varicocele  1052. 
Spermatocele  1048. 

Sphacelus  (o-epdxeXos,  gangrene)  163, 
168. 

Spina  bifida  51,  686 — occulta  688 — with 
tumour  686. 

Spinal  curvatures  562. 

Spinal  cord,  anatomy  602 — cysts  685 — 
inflammations  613  —  secondary  de- 
generations 606 — systematic  degenera- 
tion 616 — systematic  inflammation  613 
— tumours  631. 

Spindle-celled  sarcoma  288. 

Spine,  antero-posterior  curvature  564 — 
lateral  curvature  565. 

Spirilla  312. 

Spirillum  Obermeieri  343. 

Spleen,  diffuse  amyloid  521 — fibrous  in- 
duration 518— Hodgkin's  disease  243— 
infarction  518  —  inflammation  516  — 
leukaemia  77,  519 — malaria  517 — mal- 
formations 515 — parasites  523 — rup- 
ture 520 — sago  521 — structure  514 — 
tumours  522 — typhoid  fever  869. 

Splenic  fever  1073. 

Splenic  tumour,  acute  516 — chronic  517. 
Splenization  of  lung  748,  756. 
Spondylitis  deformans  579. 
Spondylolisthesis  (a(popdv\os,  a  vertebra) 
568. 

Spongy  exostosis  263. 
Spores  313. 
Sporozoa  366. 
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Sputum,  bronchitis  720 — coctum  727 — 

phthisis  pulmonalis  782. 
Squamae  L062. 

Staphylococcus  pyogenes  albue  (<TT<x(pv\rj, 
a  bunch  of  grapes)  332— pyogenes 
aureus  331. 

Staphyloma  of  cornea  1096. 

Stasis  {iTTrjfjLi,  I  stand)  138. 

"  Stay  liver  "  883. 

Stenosis,  aorta,  congenital  418— aortic 
orifice  461 — bronchi  720 — larynx  710 — 
mitral  458— oesophagus  828— pulmo- 
nary artery,  congenital  416,  418 — 
pylorus  838. 

Stercoraceous  vomiting  (stcrcus,  excre- 
ment) 878. 

Sternopagus  37. 

Stomach  atrophy,  glandular  837— 
catarrh,  acute  837 — catarrh,  chronic 
837  —  contraction  835  —  corrosives, 
action  of  838— dilatation  835— diver- 
ticulum 836  —  hemorrhagic  erosions 
842— haemorrhage  842 — hyperemia  842 
— hypertrophy  835— inflammation  836 
inflammation,  phlegmonous  836 — mal- 
formations 834  —  perforation  840— 
post-mortem  changes  833— rupture  840 
— rupture,  post-mortem  834  —  softening 
833  —  structure  and  function  831 — 
syphilis  843  —  tuberculosis  843  — 
tumours  843— \ilcer,  perforating  838. 

Stomatitis  (ard/xa,  the  mouth)  814— 
aphthous  (d(pda,  an  eruption)  814 — 
follicular  814 — gangrenous  815 — mer- 
curial 815. 

Stone-mason's  lung  704. 

Streptococcus  erysipelatis  (arpeTrros, 
a  chain)  330 — pyogenes  albus  332. 

Streptothrix  madurae  304. 

Stricture  of  urethra  087— false  passages 
987. 

Strobilus  of  tape-worm  {crrpoftiXos,  a  fir- 
cone) 375. 
Strongelidaj  in  lower  animals  395. 
Strongylus,  duodenalis  395— gigas  395. 
Struma  228. 

Subglottic  inflammation  719. 
Sudamina  1062. 
Suffocation  710. 

Supernumerary    arms    43  —  legs   40  — 

mammae  45. 
Suppuration  148. 

Suprarenal  bodies,  diseases  811  —  dis- 
placed 974 — tumours  811. 

Susceptibility  9  —  constitutional  23  — 
external  circumstances  affecting  13  — 
family  peculiarities  affecting  22 — in- 
herited 16 — of  organs  to  disease  23 — 
racial  21. 

Swine-plague  354. 

Sycosis  1066. 

Symmelia  58. 

Sympus  58. 

Syncephalus  37. 

Synechia  1007. 

Synostosis  579 — of  sacro-iliac  articulation 
530. 

Syphilides,  secondary  1074. 


Syphilis  214 — amyloid  disease  in  219— 
arteries  in  220,  495 — arteries,  cerebral 
015 — bacillus  351— bone  560 — brain  670 
—  congenital  220 — cord  631  —  fauces 
826— female  organs  1007— heart  463— 
hereditary  220  —  hereditary,  teeth  in 
822 — incubation  215 — intestine  872  — 
joints  586 — keratitis  in  hereditary  1096 
— kidnej-  970 — larynx  and  trachea  720 
--  liver  900  —  lung  795  —  lymphatic 
glands  512 — mouth  817 — nares  713 — 
pancreas  914— placenta  1030  — second- 
ary 215  —  skin  1074  —  tertiary  217 — 
testis  1044. 

Syphilitic  myocarditis  442. 

Syphilitic  neuritis  601. 

Syringocele  52. 

Syringomyelia   (avpiy^,    tube,  /nveXos, 

marrow)  685. 
Syringo-myelocele  688. 
Systematic  inflammations  of  cord  613. 

Tabes  dorsalis  (tabeo,  I  waste)  617. 

T;enia  coenurus  (trenia,  a  ribbon)  389 — 
cucumerina  388—  echinococcus  383  — 
flavopunctata  388  —  Madagascariensis 
388  —  marginata  389  —  mediocanellata 
vel  saginata  381— mediocanellata,  pris- 
matic variety  382 — nana  388 — serialis 
389— serrata  389 — solium  376 — solium, 
sexual  organs  of  377— solium,  ova  of 
379. 

Talipes  {talus,  the  ankle)  576 — varieties 
of  577. 

Tape-worms  375 — in  lower  animals  389. 
Tattooing  508. 

Teeth,  caries  820— diseases  820 — inflam- 
mation 821 —structure  820 --syphilis, 
hereditary  822—  tumours  822. 

Temperature,  normal  402 — post-mortem 
rise  405— regulation  of  404. 

Teratology  (repas,  a  monster)  30. 

Teratoma  282 — congenital  sacral  41. 

Testis,  hernia  1045 — imperfect  descent 
1042 — inflammation  1043 — malforma- 
tions 1042  —  misplacements  1042  — 
syphilis  1044  —  tuberculosis  1044  — 
tumours  1045. 

Tetanus  (rerauos,  tension)  666 — bacillus 
344— immunity  345. 

Texas  fever  69— hematozoa  of  371. 

Thoracic  duct,  obstruction  124,  505. 

Thoracopagus,  parasitic  38. 

Thorax,  defective  closure  53. 

Thread- worm  394. 

Thrombi  (0po,u/3os.  a  clot)  in  aneur\rsms 
486 — changes  in  105 — growth  104 — 
heart  423—  organization  106— varieties 
101. 

Thrombo-phlebitis  496 — brain  659. 

Thrombosis  98—  arteries  467 — arteries, 
cerebral  944 — causation  101 — cerebral 
sinuses  649 — hepatic  artery  886 — 
portal  vein  8S5 — renal  veins  938— 
results  108  —uterine  veins  997 — veins 
496,  500. 

Thrush  814. 

Thymus,  diseases  810 — Ho:lgkin's  dis- 
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ease  810— hypertrophy  810 — inflam- 
mations 810 — leukaemia  810 — syphilis 
811 — tuberculosis  811 — tumours  810. 

Thyroid  gland,  diseases  804 — fibrous  in- 
duration 806 — in  myxcedema  808— 
structure  804— tumours  806. 

Tinea  favosa  1090 — marginata  1091 — 
sycosis  1091 — tonsurans  1091. 

Tongue,  amyloid  disease  813— atroph}T 
813— hemiatrophy  813 — inflammation 
816 — tuberculosis  817— tumours  819— 
tylosis  816. 

Tonicity  of  arteries  88. 

Tonsillitis,  acute  825 — chronic  826. 

Tonsils,  hypertrophy  826. 

Torula  cerevisiae  359. 

Toxalbumins  317. 

Toxines  316. 

Trachoma  1094. 

Transfusion  of  blood  65. 

Transplantation  210 — bone  556 — spon- 
taneous 211 — skin  212. 

Transposition,  great  vessels  419 — liver 
883— viscera  61. 

Trematoda  {rpiqixaT^brjs,  perforated)  372. 

Tricephalus  44. 

Trichina  spiralis  390 — in  muscle  and  in- 
testine 390 — migration  of  embryoes  392. 
Trichinosis  390. 
Trichocephalus  dispar  394. 
Tricophyton  tonsurans  362,  1091. 
Tricuspid  insufficiency,  relative  461. 
Triplets  44. 

Trophic  lesions  in  locomotor  ataxia  620. 

Trophoneuroses  598— skin  1079. 

Tubal  pregnancy"  1006. 

Tube-casts  947 — character  and  origin  954. 

Tubercle,  bacillus  348 — calcareous  infil- 
tration 228 — crude  170,  769 — cutaneous 
1062  —  fibrous  transformation  228  — 
inoculation  223 — miliary  225 — mucous 
1075  —  origin  of  constituents  226  — 
softening  228 — solitary,  of  cord  631. 

Tubercula  dolorosa  267. 

Tubercular  endocarditis  462 — meningitis 
695— pericarditis  462 — sinuses  512. 

Tuberculin  223,  350. 

Tuberculization  227. 

Tuberculosis  221 — acute  miliary  232 — 
acute  miliary,  peritoneum  in  922 — 
chronic,  general  230 — contagiousness 
224— effects  231— general  231— general, 
following  phthisis  790  —  inheritance 
224  —  extension  230  — local  229  — in 
animals  234.  (For  tuberculosis  of 
special  organs,  see  the  respective 
headings.) 

Tubo-ovarian  cyst  1027 — pregnancy  1006. 
Tumor  albus  586. 

Tumours  245 — atypical  283 — causation 
15, 246 — classification  251 — Cohnheim's 
theory  of  malignancy  246- -growth  248 
— histioid  254— infective  213 — malig- 

,  nant  249 —pigmentation  185— second- 
ary changes  250 — typical  254 — simple 
or  innocent  249 — structure  245.  (For 
tumours  of  special  organs,  see  re- 
spective headings.) 

Tunica  vaginalis,  diseases  1047  —  free 


bodies    1049  —  tuberculosis    1049  — 

tumours  1049. 
Twins,  18,  36. 
Tylosis  linguae  816. 

Tvmpanic     membrane,  inflammations 
^1106— perforations  1106— rupture  1106. 
Typhlitis  862. 

Typhoid  fever,  bacillus  341 — intestine  in 
866 — perforation  868 — recovery  868. 

Ulceration  160. 

Ulcer,  atheromatous  474— foot  1060 — 
gummatous  1076  —  infective  1060  — 
rodent  304,  1090  —  tubercular  228  — 
varicose  500, 1060.  (For  ulcers  of  special 
organs,  see  respective  headings.) 

Ulcus  molle  1073. 

Umbilical  cord,  hernia  54. 

Umbilical  fistula  849. 

Urachus,  cyst  55 — persistence  55. 

Uraemia"  84,  932 — in  Bright's  disease  955. 

Urea,  diminished  excretion  932— excess 
in  fever  408. 

Ureter,  malformations  937 — obstruction 
941. 

Urethra,  diseases  987  —  cancer  988  — 
injuries  987 — inflammations  987 — ob- 
struction 941  —  stricture  987  —  tuber- 
culosis 988 — tumours  988. 

Urine,  extravasation  978. 

Urticaria  1056 — factitia  1056. 

Uterine  cirrhosis  1002. 

Uterine  cysts  1002. 

Uterine  polypus  1002,  1008— cystic  1009. 

Uterine  veins,  thrombosis  997. 

Uterus,  atrophy  1000  —  bicornis  994 — 
cancer,  epithelial  1015— cancer,  infil- 
trating 1013 — descent  995— dilatation 
1000 — displacements  995 — duplex  bi- 
cornis 993  — flexions  996 — haematoma 
998  —  haemorrhages  998 — hypertrophy 
1000  —  hypertrophy  of  cervix  1000— 
inflammations  1001  —  inflammations 
around  1002 — inversion  996 — myoma 
1009 — procidentia  995— prolapse  995 — 
separatus  didelphys  993 — septus  994— 
subseptus  994  —  tuberculosis  1008  — 
tumours  1008— unicornis  993— versions 
997. 

Uterus  and  vagina,  parasites  1016  — 
tumours  1008. 

Vaccination  326 — skin  in  1068. 

Vaccine  in  cholera  347. 

Vaccines,  chemical  327. 

Vagina,  cancer  1012— obstruction  1000— 

prolapse  996 — tumours  1008. 
Valvular  disease  of  heart  456. 
Valvular  incompetence  in  varix  498. 
Varicocele  502,  1052. 
Varicose  aneurysm  495. 
Varix  498  —  aneurysmal  495— arterialis 

491. 

Vasomotor  centres  in  hyperaemia  91. 

Vasomotor  nerves  in  hyperemia  91. 

Veins,  incompetence  of  valves  in  varix 
499 — new-formations  503 — obstruction 
93,  119— thrombosis  496— tumours 503. 

Vein-stones  106. 
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Ventricle,  hypertrophy  of  right,  in  mitral 
disease  458. 

Ventricles,  hypertrophy  438. 

Vermiform  appendage,  cyst  S76 — inflam- 
mations 8(52. 

Verruca.-  1084. 

Versions  of  uterus  997. 

Vesical  haemorrhoids  1)80. 

Vesicles  1062 — hemorrhagic  1057. 

Vesicular  seininales,  concretions  1052. 

Vibrio,  Deneke  318 — Metschnikowii  347 
— proteua  (Finkler-Prior)  348. 

Vicarious  menstruation  120. 

Villous  cancer  304. 

Viscera,  transposition  61. 

Vis  medicatrix  naturae  27. 

Volvulus  856. 

Wallerian  degeneration  596. 

Warts  276,  1084  -congenital   276— lips 

818— pathological  1076— syphilitic,  in 

mouth  817. 
Warty  vegetations  in  endocarditis  443. 


Wasting  in  fever  408. 
Wheals  1062. 
Wool-sorter's  disease  338. 
Wounds  1070 — arteries  468 — granulating 
153,  210— healing  200. 

Xanthelasma  {£avd6s,  yellow,  e'Xaoyxa, 

a  plate)  1087. 
Xanthoma  (^avdos,  yellow)  10S7. 
Xeroderma  (£?7p6s,  dry,  5£p/j.a,  the  skin) 

1083— pigmentosum  1088. 
Xiphopagus  37. 

Yaws  1077. 
Yeasts  359. 
Yellow  fever  22. 
Yellow  tubercle  227. 

Zona  1080. 

Zona  ophthalmica  1096. 
Zoogloea  313. 
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School.    With  210  Illustrations.    Crown  8vo,  price  12s.  6d. 


PAGET.    LECTURES  ON  SURGICAL  PATHOLOGY,  Delivered 

at  the  Royal  College  of  Surgeons  of  England.  By  Sir  JAMES  PAGET, 
Bart.,  F.R.S,,  D.C.L.  Oxon.,  LL.D.  Cantab.,  &c,  Sergeant-Surgeon  to 
the  Queen,  Surgeon  to  the  Prince  of  Wales,  Consulting  Surgeon  to  St. 
Bartholomew's  Hospital.  Fourth  Edition,  re-edited  by  the  AUTHOR  and 
W.  TURNER,  M.B.    8vo,  with  131  Woodcuts,  price  21s. 


POOLE.    COOKERY    FOR    THE    DIABETIC.    By  W.  H.  and 
Mrs.  POOLE.    With  Preface  by  Dr,  PAVY.    Fcap.  8vo.    2S.  6d. 


POORE.    ESSAYS  ON  RURAL  HYGIENE.   By  GEORGE  VIVIAN 
POORE,  M.D.,  F.R.C.P.    Crown  8vo,  6>.  6d. 


QUAIN.  A  DICTIONARY  OF  MEDICINE;  Including  General 
Pathology,  General  Therapeutics,  Hygiene,  and  the  Diseases  of  Women 
and  Children.  By  Various  Writers.  Edited  by  RICHARD  QUAIN,  Bart., 
M.D.Lond.,  LL.D.Edin.  (Hon.)  F.R.S. ,  Physician  Extraordinary  to  H.M.  the 
Queen,  President  of  the  General  Medical  Council,  Member  of  the  Senate  of  the 
University  of  London,  &c.  Assisted  by  FREDERICK  THOMAS  ROBERTS, 
M.D.Lond.,  B.Sc,  Fellow  of  the  Royal  College  of  Physicians,  Fellow  of 
University  College,  Professor  of  Materia  Medica  and  Therapeutics,  University 
College,  &c. ;  and  J.  MITCHELL  BRUCE,  M.A.Abdn.,  M.D.Lond.,  Fellow 
of  the  Royal  College  of  Physicians  of  London,  Physician  and  Lecturer  on  the 
Principles  and  Practice  of  Medicine,  Charing  Cross  Hospital,  &c.  New 
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QUAIN.     QUAIN'S    (JONES)  ELEMENTS    OF  ANATOMY. 

The  Tenth  Edition.  Edited  by  EDWARD  ALBERT  SCHAFER,  F.R.S., 
Professor  of  Physiology  and  Histology  in  University  College,  London  ;  and 
GEORGE  DANCER  THANE,  Professor  of  Anatomy  in  University  College, 
London.    (In  three  volumes.) 

Vol.  I.,  Part  I.  EMBRYOLOGY.  By  Professor  SCHAFER.  Illustrated 
by  200  Engravings,  many  of  which  are  coloured.    Royal  8vo,  gs.  {.Ready. 

Vol.  I.,  Part  II.    GENERAL  ANATOMY    OR  HISTOLOGY. 

By  Professor  SCHAFER.  Illustrated  by  nearly  500  Engravings,  many  of 
which  are  coloured.    Royal  8vo,  \2s.  6d.  [Ready. 

Vol.  II.,  Part  I.  OSTEOLOGY.  By  Professor  THANE.  Illustrated 
by  168  Engravings.    Royal  8vo,  gs.  [Ready. 

Vol.  II.,  Part  II.  ARTHROLOGY,  MYOLOGY,  ANGEIOLOGY. 
By  Professor  THANE.  Illustrated  by  255  Engravings,  many  of  which  are 
Coloured.    Royal  8vo,  18s.  [Ready. 

Vol.  III.,  Part  I.  SPINAL  CORD  AND  BRAIN.  By  Professor 
SCHAFER.    Illustrated  by  139  Engravings.    Royal  8vo,  12s.  6d.  [Ready. 

Vol.  III.,  Part  II.  THE  NERVES.  By  Professor  THANE.  Illustrated 
by  102  Engravings,  many  of  which  are  Coloured.    Royal  8vo,  gs.  [Ready. 

Vol.  III.,  Part  III.  ORGANS  OF  THE  SENSES.  By  Professor 
SCHAFER.    Illustrated  by  178  Engravings.    Royal  8vo,  gs.  [Ready. 

Vol.  III.,  Part  IV.    VISCERAL   ANATOMY.  [In  preparation. 


RICHARDSON.  THE  ASCLEPIAD.  A  Book  of  Original  Research  in 
the  Science,  Art,  and  Literature  of  Medicine.  By  BENJAMIN  WARD 
RICHARDSON,  M.D.,  F.R.S.  Published  Quarterly,  price  2s.  6d.  Volumes 
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SCHAFER.  THE  ESSENTIALS  OF  HISTOLOGY:  Descrip- 
tive and  Practical.  For  the  Use  of  Students.  By  E.  A.  Schafer,  F.R.S., 
Jodrell  Professor  of  Physiology  in  University  College,  London  ;  Editor  of  the 
Histological  Portion  of  Quain's  ' ' Anatomy. "  Illustrated  by  more  than  300 
Figures,  many  of  which  are  new.  Third  Edition,  Revised  and  Enlarged. 
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SCHENK.  MANUAL  OF  BACTERIOLOGY.  For  Practitioners  and 
Students.  With  especial  reference  to  Practical  Methods.  By  Dr.  S.  L. 
SCHENK,  Professor  (Extraordinary)  in  the  University  of  Vienna.  Trans- 
lated from  the  German,  with  an  Appendix,  by  W.  R.  DAWSON,  B.A., 
M.D.,  Univ.  Dub.  ;  late  University  Travelling  Prizeman  in  Medicine.  With 
100  Illustrations,  some  of  which  are  coloured.    8vo,  10s.  net. 
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SMALE  AND  COLYER.    DISEASES  AND  INJURIES  OF 

THE  TEETH,  including  Pathology  and  Treatment :  a  Manual  of  Practical 
Dentistry  for  Students  and  Practitioners.  By  MORTON  SMALE,  M.  R.C.  S. , 
L.S.A.,  L.D.S.,  Dental  Surgeon  to  St.  Mary's  Hospital,  Dean  of  the  School, 
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L.D.S.,  Assistant  Dental  Surgeon  to  Charing  Cross  Hospital,  and  Assistant 
Dental  Surgeon  to  the  Dental  Hospital  of  London.  With  334  Illustrations. 
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SMITH   (H.   F.).    THE  HANDBOOK  FOR  MIDWIVES.  By 
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A  TREATISE  ON  THE  DISEASES  OF  THE  DOG;  being  a 

Manual  of  Canine  Pathology.  Especially  adapted  for  the  use  of  Veterinary 
Practitioners  and  Students.    88  Illustrations.    8vo,  10s.  6d. 

A  TREATISE  ON  THE  DISEASES  OF  THE  OX;  being  a 

Manual  of  Bovine  Pathology  specially  adapted  for  the  use  of  Veterinary 
Practitioners  and  Students.    2  Plates  and  117  Woodcuts.    8vo,  i$s. 

A  TREATISE  ON  THE  DISEASES  OF  THE  SHEEP;  being 

a  Manual  of  Ovine  Pathology  for  the  use  of  Veterinary  Practitioners  and 
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OUTLINES  OF  EQUINE  ANATOMY;  a  Manual  for  the  use  of 
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"STONEHENGE."    THE  DOG  IN  HEALTH  AND  DISEASE. 

By  "  STONEHENGE."  With  84  Wood  Engravings.  Square  crown  8vo,  7s.  6d. 


THORNTON.    HUMAN  PHYSIOLOGY.  By  JOHN  THORNTON, 
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&c.    With  267  Illustrations,  some  of  which  are  Coloured.    Crown  8vo,  6s. 
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WALLER.    AN  INTRODUCTION  TO  HUMAN  PHYSIOLOGY. 

By  AUGUSTUS  D.  WALLER,  M.D.,  Lecturer  on  Physiology  at  St.  Mary's 
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WEICHSELBAUM.  THE  ELEMENTS  OF  PATHOLOGICAL 
HISTOLOGY,  With  Special  Reference  to  Practical  Methods. 
By  Dr.  ANTON  WEICHSELBAUM,  Professor  of  Pathology  in  the 
University  of  Vienna.  Translated  by  W.  R.  DAWSON,  M.D.  (Dub.), 
Demonstrator  of  Pathology  in  the  Royal  College  of  Surgeons,  Ireland,  late 
Medical  Travelling  Prizeman  of  Dublin  University,  &c.  With  221  Figures, 
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ANATOMY.  By  SAMUEL  WILKS,  M.D.,  F.R.S.,  Consulting  Physician 
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vised.   By  SAMUEL  WILKS,  M.D.,  LL.D.,  F.R.S.    8vo,  18s. 
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PHILOSOPHY.  By  NEIL  ARNOTT,  M.D.  Edited  by  A.  BAIN, 
LL.D.  and  A.  S.  TAYLOR,  M.D.,  F.R.S.  Woodcuts.  Crown  8vo, 
12s.  6d. 


BENNETT  AND   MURRAY.     A  HANDBOOK  OF  CRYP- 

TOGAMIC  BOTANY.  By  A.  W.  BENNETT,  M.A.,  B.St.,  F.L.S., 
and  GEORGE  R.  MILNE  MURRAY,  F.L.S.  With  378  Illustrations. 
8vo,  16s. 
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CARNEGIE.    LAW  AND  THEORY  IN  CHEMISTRY:  A  COM- 
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Demonstrator  in  Chemistry  of  Gonville  and  Caius,  Cambridge.    Crown  8vo.  6s. 


CLERKE.    THE  SYSTEM   OF  THE  STARS.    By  AGNES  M. 

CLERKE,  Author  of  "A  History  of  Astronomy  during  the  Nineteenth 
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C  LO  D  D. —  WORKS  by  EDWARD  CLODD,  Author  of"  The  Childhood 

of  the  World,"  &c. 

THE  STORY   OF  CREATION.      A   Plain    Account   of  Evolution. 
With  77  Illustrations.    Crown  8vo,  3-r.  6d. 

A  PRIMER  OF  EVOLUTION  :  being  a  Popular  Abridged  Edition  of 
"The  Story  of  Creation."    With  Illustrations.    Fcp.  8vo,  is.  6d. 


CROOKES.    SELECT  METHODS  IN  CHEMICAL  ANALYSIS 

(chiefly  Inorganic).  By  W.  CROOKES,  F.R.S.,  V.P.C.S.,  Editor  of 
"The  Chemical  News."  Third  Edition,  re- written  and  enlarged.  Illus- 
trated with  67  Woodcuts.    8vo,  21s.  tut. 


CULLEY.    A  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 

By  R.  S.  CULLEY,  M.I.C.E.,  late  Engineer-in-Chief  of  Telegraphs  to  the 
Post  Office.    With  135  Woodcuts  and  17  Plates,  8vo,  \6s. 


GANOT.        ELEMENTARY     TREATISE     ON  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Translated 
and  edited  from  Ganot's  Elements  de  Physique  (with  the  Author's  sanction) 
by  E.  ATKINSON,  Ph.D.,  F.C.S.,  formerly  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Fourteenth  Edition,  revised  and  enlarged, 
with  9  Coloured  Plates  and  1,028  Woodcuts.    Large  crown  8vo,  i$s. 

NATURAL  PHILOSOPHY  FOR  GENERAL  READERS 
AND  YOUNG  PERSONS;  Being  a  Course  of  Physics  divested 
of  Mathematical  Formulae,  and  expressed  in  the  language  of  daily  life. 
Translated  from  Ganot's  Cours  de  Physique  (with  the  Author's  sanction)  by 
E.  ATKINSON,  Ph.D.,  F.C.S.  Seventh  Edition,  carefully  revised;  with  37 
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Crown  8vo,  *]s.  6d. 


PUBLISHED  BY  LONGMANS,  GREEN  &  CO. 
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THE  ELEMENTS  OF  MECHANISM.  New  Edition,  re-written 
and  enlarged.    With  342  Woodcuts.    Crown  8vo,  6s. 

A  MANUAL  OF  MECHANICS  :  an  Elementary  Text-Book  for 
Students  of  Applied  Mechanics.  With  138  Illustrations  and  Diagrams,  and 
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Answers.    Fcp.  8vo,  2s.  6d. 

HELMHOLTZ.—  WORKS  by  HERMANN  L.  E.  HELMHOLTZ, 

M.D.,  Professor  of  Physics  in  the  University  of  Berlin. 

ON  THE  SENSATIONS  OF  TONE  AS  A  PHYSIOLOGICAL 

BASIS  FOR  THE  THEORY  OF  MUSIC.  Second  English 
Edition  ;  with  numerous  additional  Notes,  and  a  new  Additional  Appendix, 
bringing  down  information  to  1885,  and  specially  adapted  to  the  use  of 
Musical  Students.  By  ALEXANDER  J.  ELLIS,  B.A.,  F.R.S.,  F.S.A., 
See,  formerly  Scholar  of  Trinity  College,  Cambridge.  With  68  Figures 
engraved  on  Wood,  and  42  Passages  in  Musical  Notes.    Royal  8vo,  28s. 

POPULAR  LECTURES  ON  SCIENTIFIC  SUBJECTS.  With 
68  Woodcuts.    2  Vols,  crown  8vo,  3-y.  6d.  each. 


HERSCHEL.    OUTLINES  OF  ASTRONOMY.    By  Sir  JOHN  F. 

W.  HERSCHEL,  Bart.,  K.H.,  &c,  Member  of  the  Institute  of  France. 
Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams.    8vo,  12s. 

HUDSON   AND   GOSSE.    THE  ROTIFERA  OR  '  WHEEL 

ANIMALCULES.'  By  C.  T.  HUDSON,  LL.D.,  and  P.  H.  GOSSE, 
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KOLBE.  A  SHORT  TEXT-BOOK  OF  INORGANIC  CHE- 
MISTRY. By  Dr.  HERMANN  KOLBE,  late  Professor  of  Chemistry 
in  the  University  of  Leipzig.  Translated  and  Edited  by  T,  S.  HUM- 
PIDGE,  Ph.D.,  B. Sc.  (Lond. ),  late  Professor  of  Chemistry  and  Physics  in 
the  University  College  of  Wales,  Aberystwyth.  New  Edition.  Revised  by 
H.  Lloyd-Snape,  Ph.D.,  D.Sc.  (Lond.),  Professor  of  Chemistry  in  the  Uni- 
versity College  of  Wales,  Aberystwyth.  With  a  Coloured  Table  of  Spectra 
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ELEMENTS  OF  PHYSIOLOGICAL  PSYCHOLOGY:  A 
TREATISE  OF  THE  ACTIVITIES  AND  NATURE  OF 
THE  MIND  FROM  THE  PHYSICAL  AND  EXPERI- 
MENTAL POINT  OF  VIEW.    With  113  Illustrations.  8vo,  price  21  s. 

PSYCHOLOGY,  DESCRIPTIVE  AND  EXPLANATORY:  A 

Treatise  of  the  Phenomena,  Laws,  and  Development  of  Human  Mental  Life. 
8vo.    2  is. 

OUTLINES    OF    PHYSIOLOGICAL    PSYCHOLOGY.  With 

numerous  Illustrations.    8vo.  12s. 
PHILOSOPHY  OF  MIND  :  an  Essay  on  the  Metaphysics  of  Psychology. 
8vo,  16s.   

LARDEN.     ELECTRICITY   FOR  PUBLIC    SCHOOLS  AND 

COLLEGES.  With  numerous  Questions  and  Examples  with  Answers, 
and  214  Illustrations  and  Diagrams.  By  W.  LARDEN,  M.A.  Crown  8vo,  6s. 

LINDLEY  AND  MOORE.     THE  TREASURY  OF  BOTANY, 
OR    POPULAR    DICTIONARY    OF    THE  VEGETABLE 
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Edited  by  J.  LINDLEY,  M.D.,  F.R.S.,  and  T.  MOORE,  F.L.S.  With 
20  Steel  Plates,  and  numerous  Woodcuts.    2  Parts,  fcp.  8vo,  price  12s. 

LOUDON.     AN  ENCYCLOPEDIA    OF  PLANTS.     By  J.  c. 

LOUDON.  Comprising  the  Specific  Character,  Description,  Culture,  His- 
tory,  Application  in  the  Arts,  and  every  other  desirable  particular  respecting 
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rected by  Mrs.  LOUDON.    8vo,  with  above  12,000  Woodcuts,  price  42s. 

MARTIN.     NAVIGATION  AND    NAUTICAL  ASTRONOMY. 

Compiled  by  Staff-Commander  W.  R.  MARTIN,  R.N.,  Instructor  in 
Surveying,  Navigation,  and  Compass  Adjustment ;  Lecturer  on  Meteorology 
at  the  Royal  Naval  College,  Greenwich.  Sanctioned  for  use  in  the  Royal 
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MENDELEEFF.    THE  PRINCIPLES  OF  CHEMISTRY.  By 

D.  MENDELEEFF,  Professor  of  Chemistry  in  the  University  of  St. 
Petersburg.  Translated  by  GEORGE  KAMENSKY,  A.R.S.M.  of  the 
Imperial  Mint,  St.  Petersburg,  and  Edited  by  A.  J.  GREEN  A  WAY,  F.I.C., 
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2  Vols.    8vo,  36s. 

MEYER.     OUTLINES    OF    THEORETICAL  CHEMISTRY. 

By  LOTHAR  MEYER,  Professor  of  Chemistry  in  the  University  of  Tubin- 
gen. Translated  by  Professors  P.  PHILLIFS  BEDSON,  D.Sc,  and  W. 
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LL.D.,  late  Professor  of  Chemistry  in  Kings  College,  London. 
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throughout,  with  Additions  by  C.  E.  GROVES,  Fellow  of  the  Che- 
mical Societies  of  London,  Paris,  and  Berlin.     With  376  Woodcuts. 
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Part  III.  ORGANIC  CHEMISTRY,  or  the  Chemistry  of  Carbon 
Compounds.  Hydrocarbons,  Alcohols,  Ethers,  Aide  hides  and  Paraffinoia 
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ARMSTRONG,  F.R.S.,  and  C.  E.  GROVES,  F.C.S.  8vo,  price 
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MITCHELL.     MANUAL    OF    PRACTICAL    ASSAYING.  By 

JOHN  MITCHELL,  F.C.S.  Sixth  Edition.  Edited  by  W.  CROOKES, 
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MORGAN.  ANIMAL  BIOLOGY.  An  Elementary  Text  Book.  By 
C.  LLOYD  MORGAN,  Professor  of  Animal  Biology  and  Geology  in 
University  College,  Bristol.    With  numerous  Illustrations.    Crown  8vo,  8s.  6d. 


MUIR.    THE  ALCHEMICAL  ESSENCE  AND  THE  CHEMICAL 

ELEMENT  :  an  Episode  in  the  Quest  of  the  Unchanging.  By  M.  M.  PATTI- 
SON  MUIR,  Fellow  of  Gonville  and  Caius  College,  Cambridge.  8vo.  4^.  6d. 


ODLING.    A  COURSE  OF  PRACTICAL  CHEMISTRY,  Arranged 

for  the  use  of  Medical  Students,  with  express  reference  to  the  Three  Months' 
Summer  Practice.  By  WILLIAM  ODLING,  M.A.,  F.R.S.  With  71 
Woodcuts.    Crown  8vo,  6s. 


OSTWALD.  SOLUTIONS.  By  W.  OSTWALD,  Professor  of  Chemistry 
in  the  University  of  Leipzig.  Being  the  Fourth  Book,  with  some  additions, 
of  the  Second  Edition  of  Ostwald's  "  Lehrbuch  der  Allgemeinen  Chemie.1' 
Translated  by  M.  M.  PATTISON  MUIR,  Professor  of  Gonville  and  Caius 
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